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I.—The Viscosity of Suga Solutions. 
By CuarLtes WILFRID Roserts PowELt. 


In this paper are given the results of an investigation into the 
viscosity of aqueous solutions of sucrose, dextrose, and levulose. 
Simple solutions containing one only of these three sugars and also 
complex solutions containing mixtures of them, were experimented 
on. Already Hosking (Phil. Mag., 1900, [v], 49, 274) has deter- 
mined the viscosities of solutions of sucrose in water for concentra- 
tions of 1 to 40 per cent., the range of temperature being 0—100°. 
Burkhardt (Castell-Evans, ‘“‘ Physico-chemical Tables,” (1911), Vol. 
II., p. 652) gave values at 20° for concentrations of 1 to 24 per 
cent. for the same solution, but apart from these two determinations 
little seems to have been done.* 

Ostwald’s modification of Poiseuille’s method was employed, in 
each experiment 4 c.c. of the filtered solution being run into the 
viscosity tube. The time of flow was observed over the range of 


* Since completing this paper the author’s attention has been drawn to some 
further work on the viscosity of sucrose solutions by Green (T., 1908, 93, 2023). 
The experimental work agrees with the results here obtained, and the viscosities of 
sucrose solutions are given at 18° and 25° over a large range of concentration. His 
paper is summarised by concluding that ‘‘the connexion between viscosity and 
concentration is not accurately expressed, ‘even within the limits of experimental 
error, by any of the various formule that have been suggested.” 

However, it has been shown in the present paper that, by introducing certain 
modifications, the connexion may be well expressed by the formula given. 
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temperature 25—50° at intervals of 5° or 10°, but when not 
otherwise stated the temperature throughout this investigation was 
25°. The sucrose used was of 99°97 per cent. purity, and the 
dextrose and levulose were Kahlbaum’s purest. 

The densities of the various solutions, relative to water at the 
same temperature, were observed over the same range of tempera- 
ture as the viscosities. The formula employed contained a correct- 
ing term for displaced air: 

_ W+V8 

Wy + V8 
where W is the weight of solution, W, the weight of water in the 
pyknometer, V is the volume of the pyknometer, and 6 is the 
density of air at the temperature of the experiment. The relative 
viscosity is then given by the formula: 


y= 
t,d,’ 

where ¢ and d are the time of flow and the density of the solution, 
and ¢, and d, are the time of flow and density of water, and absolute 
values were obtained by multiplying this relative figure by the 
value of the absolute viscosity of water at the same temperature. 

The following values of the absolute viscosity of water were used : 

25°. 30°. 35°. 40°. 45°. 50°. 
0°00904 0:00806 0°00726 0°00659 0°00603 0°00556 

In expressing the concentrations of the solutions, percentages by 
weight give the number of grams of the solute dissolved in 
100 grams of solution; percentage by volume gives the number of 
grams of solute dissolved in 100 c.c. of the solution at 25°. A third 
method of expression is employed in the second half of the work, 
where the concentration is given as grams of solute per 100 grams 


of solvent. 


Relative Viscosities of Sucrose Solutions, 


Per cent. Per cent. 
by by N-Concen- 

volume. weight. tration. 25°. 30°. 35°. 40°, 45°. 50°. 
60 49°16 1775 =©12°701 =11°677 =: 10°724 9°911 9°159 8560 
50 42°21 1°46 6°825 6°325 5956 5°664 5°359 5°114 
40 34°88 1117 4°073 3°884 3°740 3°587 3°453 3°344 
35 31°03 1°02 3°267 3°149 3°038 2°958 2°860 2°783 
80 27°04 0°88 2°616 2°542 2°475 2°419 2°355 2°299 
25 22°92 0°73 2°158 2°121 2°073 2°027 1'975 1°944 
20 18°66 0°58 1°794 1°778 1°750 1°727 1°698 1°678 
15 14°25 0°44 1°524 1°505 1°485 1°474 1°450 1°433 
10 9°66 0°29 1°313 1°299 1°285 1°284 1°272 1‘272 


These values are relative to water at the same temperature. 
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Absolute Viscosities of Sucrose Solutions. 
Per Per 
cent. cent. V-Con- 
by by centra- 
volume. weight. tion. 25°. 30°. 35°. 40°. 45°. 50°. 
60 49°16 1°75 0°1149 0°09415 0°07781 0°06530 0°05524 0°04757 
50 42°21 1°46 0°06171 0°05100 0°04321 0°03731 0°03232 0°02842 
40 34°88 1°17 9°03683 0°08182 0°02713 0°02364 0°02082 0°01858 
35 31°03 1°02 0°02954 0°02539 0°02204 0:01949 0°01725 0°01546 
30 27°04 0°88 0°02366 0°02049 0°01795 0:01593 0°01420 001278 
: 25 22°92 0°78 0°01951 0:01710 0°01504 0°01336 0°01191 001080 
} 20 18°66 0°58 0°01622 0°01433 0°01270 0°01138 0°01024 0:00933 
15 14°25 0°44 0°01378 0°01213 0°01078 0°00971 0°00875 0°00796 
9°66 0:29 0°01187 0°01047 0:00932 0:00846 0°00767 0:00707 


These values are compared below with those obtained by Hosking 
and Burkhardt, and in most cases only disagree by about 0°0001 or 
0°0002. For the higher concentrations, however, the figures disagree 
rather more; thus at 40 per cent. concentration the comparison is: 


— 
—) 


25°. 35°, 50°. 
TNE onc cs nsommesdecanncneen 0 0508 0°0362 0°0241 
Author’s observed ............ 0°0512 0:0370 0:0240 


Absolute Viscosities (interpolated) as determined by Author. 


Per cent. 
‘ by weight. 25°. 30°. 35°. 40°. 45°: 50°. 
1 0°0092 0°0081 0:0073 0°0067 0°0061 0°0057 
5 0°0101 0°0090 0°0080 0°0072 0°0065 0°0061 
10 0°0117 0°0106 0°0094 0°0084 0°0076 00070 
15 0°0140 0°0125 0°0110 0°0100 0°0090 0°0080 
20 0°0170 00150 0°0132 0°0118 0°0106 0°0096 
25 0°0211 0°0185 0°0161 0°0143 0°0128 0°0115 
30 0°0275 0°0239 0°0205 0°0183 0°0162 0°0144 
35 0°0367 0°0314 0°0273 0°0234 0°0208 0°0185 
40 0°0512  0°0428  0°0370 0:0320 0°0275 070240 
ti Hosking’s Values. 
10 001173 + 0°01041 0°00933 0°00843 0°00763  0°00699 
20 0°01674 0-01485 0°01319 0°01180 001059 —0-00961 
40 00508  0-04233 0°03618 003132 0°02728 002410 
| Absolute Viscosities at 20°. 
Per cent. 
by weight. Hosking. surkhardt. Author’s calculated. 
10 0°01328 0013625 0°0133 
15 — 0°016012 0°0160 
20 0-01910 0°019340 0°0189 
25 _— 0°024050 0°0237 
30 — 0°031396 0°0324 
The values given jn these tables of comparison were obtained 
g from curves carefully plotted from observed values. In every case 
a curve could be drawn which passed through every point plotted. 
In plotting curves with concentrations as abscisse and values of 
B 2 
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the viscosity of the solutions as ordinates it was noticed that curves 
for different temperatures were not parallel, This is evident from 
the fact that they all converge (at no concentration of sugar) to the 
values for water, which for the interval of 25—50° differ by 
0°00348, whilst corresponding values for a 49 per cent. solution of 
sucrose differ by 0°0672. 

In applying Poiseuille’s equation this variation was seen in the 
values for coefficients at various temperatures. Poiseuille’s 
equation is: 

me=No/ (1 + at + Bt*), 

where 1 is viscosity at 0° and % is viscosity at ¢°, a and B being 
coefficients constant for any one concentration. From this equation 
the following values of a and 8 for sucrose have been calculated : 


Per cent. 
by weight. a. B. 

49°16 0°0415 0°00063 
42°21 0°0400 0°00025 
34°88 0°0340 0°00021 
31°03 0°0320 0°00020 
27°04 0°0309 0°00016 
22°92 0°0275 0:00019 
18°66 0°0255 0°00019 
14°25 0°0240 0°00020 

9°66 0°0223 0°:00020 


Poiseuille’s equation, using these coefficients, gave values generally 
correct to within 1 or 2 in the fourth place of decimals, and except 
in more dilute solutions (10 per cent.) never as much as 1 per cent. 
away from the correct value. 

The following table shows how calculated and observed figures 
compare: 


a 


49°16 per cent. 42°21 per cent. 84°88 per cent. 31°03 per cent. 
Tempera-- : , ‘ 


ture. Cale. Obs. Cale. Obs. Calc. Obs. Cale. Obs. 
25° — 0°11486 — 0°'06171 — 0°03683 — 0°02954 
30 0°0939 0°0941 0°0512 0°0510 0°0313 0°0313 0°0254 0°0254 
35 0°0777 0°0778 0°04383 0°04382 0°0271 0°0271 0°0221 0°0220 
40 0°0651 0:0653 0°0373 0°0373 0°0237 0°0236 0°0194 0°0195 
45 0°0552 0°0552 0°03825 0°0323 0°0209 0.0208 0°0172 0:0173 
50 0°0473 0°0476 0°0286 0°0284 0°0186 0°0186 0°0154 0°0155 
27°04 per cent. 22°92 per cent. 18°66 per cent. 9°66 per cent. 
Tempera-- . ~ o ‘ ™ Y ss ~ 
ture. Cale. Obs. Cale. Obs. Cale. Obs. Cale. Obs. 
25° — 0°02366 a 0°01951 aod 0°01622 — 0°01187 
30 0°0205 070205 0°01708 0°01710 0°01432 0°01433 0°0106 0°0105 
85 0°0180 0°0180 0°01508 0°01504 0°01273 0°01270 0°0096 0°0093 
40 0°0161 0°0159 0°01340 0°01336 0°01139 0°01138 0°0087 0°0085 
45 0°0142 0°0142 0°01197 0°01191 0°01022 0°01024 0°0080 00077 
50 0'°0128 0°0128 0°01076 0°01080 0:00924 000933 0:0073 0-°0071 


To test the general accuracy of these coefficients they were 
applied to Hosking’s figures, the particular values of the coefficients 
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for different concentrations being read off from a curve obtained 
by plotting the calculated values of coefficients against concentra- 
tion of solution. 


5 per cent. 10 per cent. 20 per cent. 40 per cent. 
Tempera- ~ = er , —— - i. s ~ 
ture. Cale. Hosking. Calc. Hosking. Cale. Hosking. Cale. Hosking. 
25° _— 0°0101 0°0117 — 00167 — 0°0508 


30 00091 0°0090 0°0105 0°0104 0°0147 0°0149 0°0425 00423 
35 0°0082 0°0081 0°0094 0°0093 0°0133 0°0132 0°0363 0°0362 
40 0°0074 0°0073 00085 0°0084 0°0116 0°0118 0°0313 0°0313 
45 0:0067 0°0067 0°0C76 0°:0076 0°0104 0°0106 00276 0°0273 
50 00061 0°0061 0°0069 0:0070 0:0093 0°0096 0°0243 0°0241 


The result obtained was satisfactory—in most cases the error 
being well under 1 per cent. The values of a and 8 employed were 
as follows: 


Per cent. a. B. 
5 0°0220 0°00020 
10 0°0225 000020 
20 0°0265 000020 
40 0°0380 0:00023 


The effect of temperature on viscosity increases with the concen- 
tration of the solution, the viscosity increasing by about 2 per cent. 
for 1° at 5 per cent. concentration, by about 3 per cent. at 40 per 
cent. concentration, and by about 34 per cent. for 1° at 50 per cent. 
concentration. 


The viscosities of dextrose solutions, absolute and relative, were 
next determined, and temperature-coefficients worked out as before. 


Relative Viscosities of Dextrose Solutions. 


Per cent. Per cent. 
by by N-Con- 

volume. weight. centration. 25°. 30°. 35°. 40°. 45°. 50°. 
60 49°30 3°33 9°860 9-026 8°344 7°789 717i = =6°722 
50 42°30 2°78 5°853 5°494 5°196 4°911 4°658  4°438 
40 34°92 2°22 3°725 3°599 3°432 3°312 3°180 3°080 
30 27°06 1°67 2°494 2°435 2°359 2°301 2°228 2°174 
20 18°65 111 1°773 1°738 1°703 1°667 1°636 §=1°609 
10 9°66 0°56 1°308 1°297 1°281 1°277 1°261 1°255 


Absolute Viscosities of Dextrose Solutions. 
Per Per 
cent. cent. W-Con- 
by by centra- 
volume. weight. tion. 25°. 30°. 35°. 40°, 45°, 50°. 
60 49°30 3°33 0°08917 0°07277 0°06055 0°05132 0°04325 0°03735 
50 42°30 2°78 0°05293 0°04430 0°03770 0°03236 0°02809 0:02466 
40 34°92 2°22 0°08368 0°02901 0°02490 0:02182 0°01918 0°01712 
80 27:06 1°67 0°02255 0°01964 0°01712 0°01516 0°01344 001208 
20 18°65 1°11 0°01603 0°01401 0°01235 0°01100 0:00987 0°00894 
10 9°66 0°56 0°01183 0°01046 0°00929 0:00841 000761 0 00698 


These absolute values were plotted as ordinates with percentages 


| 
] 
| 
| 
| 
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by weight as abscisse, and values read off from the curve obtained 
for percentages by weight from 5 to 40. 
between the viscosities of dextrose and sucrose solutions was thus 


obtained. 


An easier comparison 


Absolute Viscosities (interpolated) of Dextrose Solutions. 


Per cent. 
by weight. 
5 


The values of the temperature-coefficients a and 8 in the equation 
1 =MNo/ (1+ at + Bt?), at various concentrations over the temperature 


25°. 
0°0099 
0°0120 
0°0170 
0°0258 
0°0460 


30°. 
0°0090 
0°0108 
0°0148 
0°0227 
0°0385 


35°. 

0°0083 
0:0095 
0°0129 
0°0195 
0°0328 


range 25—50°, are as follows: 


Comparison of Calculated and Observed Results, using values of a 


Per cent. 
by weight. 


49°3 
42°3 
34°9 
27°06 
18°65 
9°66 


a. 
0°0432 
0°0375 
0°0342 
0°0300 
0°0280 
0°0251 


40°. 
0°0075 
0°0087 
0°0116 
0°0175 
0°0282 


45°. 

0 0067 
0°0078 
0°0102 
0°0151 
0°0250 


B. 
0°00047 
0°00028 
0°0002 
0°0002 
0°0002 
0°0002 


50°. 
0 0060 
0°0070 
0°0091 
0°0137 
0°0215 


and B given (absolute viscosities of dextrose solutions). 


Tempera- 

ture. 
25° 
30 
35 
40 
45 
50 


Tempera- 

ture. 
25° 
30 
35 
40 
45 
50 


In the case of dextrose the effect of temperature on viscosity is 
about 3°5 per cent. for 1° at 50 per cent. concentration and about 
2 per cent. for 1° at 10 per cent. concentration ; very similar to the 
effect on sucrose solutions. 


49°3 per cent. 42°3 per cent. 34°9 per cent. 
Cale. Obs. Cale. Obs. Cale. Obs. 
— 0°08917 _— 005293 — 0°03368 
0°0726 0°0728 0°0443 0°0443 0°0286 070290 
0°0604 0°0605 0°0377 0°0377 0°0247 0°0249 
0°0509 0°0513 0°0326 0°0324 0°0216 0°0218 
0°0434 0°0432 0°0284 00281 0°0191 0°0192 
0°0376 0°0374 0°0250 0°0247 00170 0°0171 
27°06 per cent. 18°65 per cent. 9°66 per cent. 
Cale. Obs. Cale. Obs. Cale. Obs. 
_ 0°02255 _ 0°01603 — 0°01183 
0°0195 0°0196 0°0141 0°0140 0°0105 0°0105 
0°0171 0°0171 0°0123 00124 0°0093 0°0093 
0°0151 0:0152 0°0109 00110 0°0083 0°0084 
0°0134 0°0134 0 0098 00099 0°0075 0:0076 
0:0120 0°0121 00088 0°0089 00068 0°0070 


to avoid decomposition of the levulose. 


: at the same temperature). 


Per cent. Per cent. N-Concen- 
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The values of the viscosities of levulose solutions were determined 
at 20°, 25°, 30°, and 35°. The lower range of temperature was used 


Relative Viscosities of Laevulose Solutions (compared with water 


7 


by volume. by weight. tration. 20°. 25°. 30°. 35°. 
60 49°04 3°33 9°478 8°628 7°934 7°313 
50 42°15 2°78 5°577 5°216 4°887 4°609 
40 34°79 2°22 3°575 3°385 3°245 3°111 
30 26°94 1°67 2°423 2°352 2°295 2°239 
20 18°48 111 1'748 1°713 1°689 1°647 
10 9°57 0 56 1°295 1°274 1273 1°259 
Absolute Viscosities of Laevulose Solutions, 
Per cent. Per cent. 
by by N-Concen- 
volume. weight. tration. 20°. 25°. 30°. 35°. 
60 49°04 3°38 0°09563 0°07802 0°06397 0°05306 
| 50 41°15 2°78 0°05627 0°04717 003940 0°03345 
40 34°79 2°22 002608 0°03061 0°02616 0°02257 
30 26°94 1°67 0°02445 0°02127 0°01851 0°0i1624 
20 18°48 1°11 0°01764 0°01549 0°01361 0°01195 
10 9°57 0°56 0°01307 0°01152 0°01027 0°00913 
| These absolute values have been plotted as ordinates with percent- 


age by weight as abscisse, as was done for sucrose and dextrose 
solutions, and values read from the curve obtained for percentages 


by weight from 1 to 40. 


Absolute Viscosities (interpolated) of Laevulose Solutions. 


Per cent. 

by weight. 20°. 25°. 30°. 35°. 
1 0°0105 0:0094 0:0083 0 0075 
5 0°0118 0-0104 0:0093 0:0082 
10 0°0134 0°0118 00104 0-0094 
20 0:0187 00164 00143 0°0125 
| 30 00283 0°0245 0:0190 0°0168 
} 40 0°0496 0°0422 0°0351 0:9301 


The values of temperature-coefficients for levulose solutions are 


as follows: 


Per cent. 
by weight. a. B. 

49°04 0 04116 000085 

42°15 0°03585 00007 

34°79 0°03378 00004 

26°94 0°02826 0:0004 

18°48 0:°02534 00004 
9°57 0°02150 0°0003 


| 


' 
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Comparison of Calculated and Observed Values, using values of 
a and B given. Absolute viscosities of laevulose solutions 
expressing concentration as percentage by weight. 


49°04 per cent. 42°15 per cent. 34°79 per cent. 

Tempera- cr a ™ cr , ~ c a ~ 

ture. Cale. Obs. Cale. Obs. Cale. Obs. 
20° _ 0°09563 — 0°05627 _— 003608 


25 0°0779 0°0780 0°0474 0°0472 0°0306 0°0306 
30 0°0639 0°0640 0°0394 0°0394 0°0262 0°0262 
35 0°0529 0°0531 0°0332 0°0334 0°0226 0°0226 


26°94 per cent. 18°48 per cent. 9°57 per cent. 
Tempera- "> —_ pocennnes ete, 
ture. Cale. Obs. Cale. Obs. Cale. Obs. 
20° _ 0°02445 —_ 0°01764 —_ 0°01307 


25 0°0212 0°0213 0°0155 0°0155 0°0117 0°0115 
30 0°0185 00185 0°0136 0°0136 0°0104 0°0103 
35 0°0162 0°0162 0°0119 0°0119 0:0094 0°0091 


In the case of levulose solutions the effect of temperature on 
viscosity is about 3°5 per cent. for 1° at 50 per cent. concentration 
and 2 per cent. for 1° at 10 per cent. concentration, being very 
similar to the effect on sucrose and dextrose solutions. 

Although, as has just been shown, the effect of temperature on 
the viscosity of a solution can readily be expressed by means of an 
equation, this is not so with the effect of concentration of the 
solution on the viscosity. In tracing a connexion between viscosity 
and composition of the solution it has been found that in some 
cases (Arrhenius, Zeitsch. physikal. Chem., 1887, 1, 285; Rudorf, 
tbid., 1903, 48, 257; Fawsitt, Proc. Roy. Soc. Hdin., 1904, 25, 52) 
the linear equation : 

Nz=—1+ az, 
where 7 is the viscosity, z the concentration, and a a constant, 
satisfies all requirements, but that the logarithmic form: 


a= A®, 
where 7 is the viscosity, x the concentration, and A a constant, is 
capable of more general application. . 


Dunstan and Wilson (T., 1907, 91, 83) state that in all cases 
examined viscosity-concentration curves were parabolic, and were 
fairly represented by the equation: 

z=ay* + by +e, 
where z is the viscosity, y the concentration, and a, b, and ¢ are 
constants. 

However, the general rule seems to be that these formule only 
apply for dilute solutions, and break down when the solutions 
become concentrated. 

The viscosity-concentration curve for sucrose, using the formula 
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N2=A*, concentration being expressed in terms of the normality 
of the solution, is shown in Fig. 1. The parabolic form: 


r=ay?+by+e, 


failed to supply any relation. Table I gives the values obtained 
from the equation 7,=A*, where A is a constant. 


TaB.eE I. 
Viscosity. 
N-Con- cr sss 
centration. Cale. Obs. A. 

1°75 0°0600 0°1149 - 0°0549 
1°02 0°0257 0°0295 — 0°00388 
0°73 0:0196 0'0195 +0°0001 
0°29 0:0131 0°0119 +0°0012 

log A =0°4000. 


According as the concentration of the solution is expressed, 
either as percentage by weight or by volume, the shape of the curve 
alters considerably, but the ordinary equations fail to hold good 
for either case. In deciding on the applicability of the equation 
z= A* to the expression of the viscosity-concentration relation, the 
author found that the simplest method was to plot the log-viscosity- 
concentration curve. If the relation between viscosity and concen- 
tration is a logarithmic one, this log-viscosity-concentration curve 
will be a straight line. The logarithmic curve for sucrose is given 
in Fig. 1, curve S’, and the differences between calculated and 
observed values shown in table I are brought out well by the 
divergence of this curve from a straight line. Curves D and Z and 
D!' and L’ in Fig. 1 are the corresponding viscosity-concentration 
and log-viscosity-concentration for dextrose and levulose, express- 
ing the concentration in gram-molecules per litre. 

When the concentration of the solution is expressed as percent- 
age by weight or as percentage by volume, the increase in viscosity 
with increase in concentration again fails to fit in with any simple 
law. Certainly the increase is not logarithmic, and tables II and 
III show that the discrepancies between calculated and actual 
values are too great to permit of the application of the logarithmic 
formula. 


TaBLeE IT. 
Viscosity. 

Per cent. r 4 

by weight. Cale. Obs. A. 
10 0°0133 0°0117 +0°0016 
20 0°0180 0:0170 +0°0010 
30 0'0241 0°0275 -— 0°0034 
40 0:0324 0'0512 - 0°0138 


logA =0°1274. 


| 
| 
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Tass IIT. 


Viscosity. 
Per cent. “5 
by volume. Cale. Obs. A. 
10 0°0129 0°0119 +0°0010 
20 0°0177 0°0162 +0°0015 
40 0°C315 00368 — 0°0053 
60 0°0557 0°1149 — 00592 


log A =0°1244. 


In each case as the concentration passes normal strength the 
calculated figures begin to differ widely from the actual viscosity, 


Fic. 1. Fic. 2 


9d 


010 


ion Curves 


0:08) 


Viscosity Concentrat 


006 


Log-V: scesity-Concentration 


Concentration : Concentration : 
gram-molecules per litre. grams per 100 grams solvent. 

S = Viscosity-concentration curve for sucrose. 

D= a o dextrose. 

L= we ‘“s laevulose. 

S’ = Log-viscosity-concentration curve for sucrose. 

D’= v + dextrose. 

L/ = cs Si laevulose. 


and even for dilute solutions the logarithmic law will not apply 
with any degree of accuracy. For reasons given later on, it 
appeared to be more correct to express concentration in grams of 
solute per 100 grams of solvent, and on applying this method in 
analysing the relation between viscosity and concentration of sugar 
solutions, much better results than heretofore were obtained, 
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On this basis the log-viscosity-concentration curve for sucrose 
was a straight line until the concentration of the solution became 
as high as 60 grams per 100 grams of water, and for dextrose and 
levulose as high as 70 and 90 grams per 100 of water respectively. 

These results are shown graphically in Fig. 2, and calculated 
and actual values are given in tables IV, V, and VI, using the 
formula y,=A*. In calculating the values of constants in the 
following tables no undue weight was given to the values for 
lower concentrations, that is, below 10 grams per 100 grams of 
water, since at this concentration where the viscosity of the solution 
differs only very slightly from that of water, a variation of even 
1 or 2 in the fourth place makes a very large difference in the 
value of the constant. 


TaBLe IV. 
Sucrose. 
Viscosity. 
Grams per 100 - - —~ 
water. Cale. Obs. A. 

20 0°0159 0°0148 +0°0011 
30 0°0199 0°0195 +0°0004 
40 0°0251 0°0255 — 0°0004 
50 0°0316 0°0325 —0:0009 
60 0°6400 00427 — 0°0027 
80 0°0631 0°0675 —0°0044 

log 4 =0°1000. 

This table comprises the most accurate correspondence between 


observed results and calculated figures yet given. For al) concen- 
trations the mean error is about 1°5 per cent. 


TABLE V. 
Dextrose. 
Viscosity. 
Grams per100 - : 
water. Cale. Obs. A. 

20 0°0156 0°0150 +0°0006 
30 0°0195 0°0190 +0°0005 
40 0°0244 0°0241 +0°0003 
50 0°0805 0°0304 +0°0001 
60 0:0382 0°0390 — 00008 
70 0°0478 0°0490 —0°0012 
80 0'0597 0:0610 — 0°0013 
90 0:0747 0:0757 —0°0010 


log A =0°0970. 
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Taste VI. 

, Laevulose. 
; Viscosity. 
{ Grams per 100 - - 
} water. Cale. Obs. 
[ 20 0°0153 0°0147 
, 30 0°0190 0°0187 
; 40 0°0235 0°0230 
' 50 0°0292 0°0286 

60 0°0361 0°0363 
F 70 0°0449 0°0451 
| 80 0°0555 0:0556 
90 00687 0-0690 


A second equation was also employed containing two constants: 


log A = 0°0930. 


A. 
+0°0006 
+0°0003 
+0°0005 
+ 0°0006 i 
— 00002 
— 0°0002 
—0°0001 
— 0°0003 


z= bA2, 
whence log n=log6+zlog A, 
i where 7 is the viscosity, z is the concentration, and 6 and A are | 
, constants. The values (mean for all concentrations) for sucrose : 
4 are: 
log 6 = —0°0400 


log A =0°01100, 


and the results obtained compare favourably with those given in 


table IV. 
TaBLE VII. 
Viscosity. 
Grams per 100 ; ~ 
water. Cale. Obs. 
20 0°0151 0°0148 
40 0°0251 0°0255 
60 9°0417 0°0427 
80 0°0692 0°0675 
Tasie VIII. 


Values of Viscosities of Dextrose Solutions 


the Formula. 


Viscosity. 
Grams per 100 - * ~ 
water. Cale. Obs, 
20 0°0153 0°0149 
40 0°0243 0°0241 
60 0°0385 0°0390 
80 00610 00610 
where logs = -0:0150, 
and logA = 


— 0°01000. 


A. 
+0°0003 
— 0°0004 
— 0°0010 
+0°0017 


calculated from 


4. 
+0°0004 
+0°0002 
-— 0°0005 

00000 
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Taste IX. 


Values of Viscosities of Laevulose Solutions calculated from 


the Formula. 
Viscosity. 
Grams per 100 - s ~ 
water, Cale. Obs. A. 
20 0:0148 0°0147 +0°0001 
40 0°0231 0°0230 +0°0001 
60 0°0361 0°0363 — 0°0002 
80 0°0562 0°0556 +0°0006 
where logh = -—0°0220. 
and logA= 0°00965. 


Calculation of the Viscosity of Simple Solutions. 


Blanchard and Pushee (J. Amer. Chem. Soc., 1912, 34, 28), in 
a paper dealing with the viscosity of solutions, applied a correction 
to the time of flow in their determinations to allow for the amount 
of solute in solution. They pointed out that any bulb full of 
solution contains less solvent (in their case water) than the same 
bulb when filled with pure solvent. In applying their correction 
an additional time was added to the time obtained, corresponding 
with the time that a volume of water equal to the volume of 
solute in solution would take to flow through. This means that the 
time of flow of a different volume of solution is being recorded 
for each different concentration, so that the results would hardly 
seem to be comparable. 

It seemed, to the author, worth while to calculate the time of 
flow of the amounts of solute and solvent constituting the solution, 
and from the figures thus obtained to calculate the time of flow 
of a constant of each. The following example will serve to explain 
the method of calculation employed : 


Concentration of the solution ............ 10 per cent. (Vol.) 
Volume of bulb of viscometer ............ 0°85 c.c. 
Time of flow of solution .................. 75°0 seconds. 


The specific volume of the solute (sucrose) was calculated, and 
from the data given the bulb of the viscometer may be shown to 
contain 0°05 c.c. of sucrose and 0°80 c.c. of water. From previous 
experiments the time of flow of water was known to be 594 
seconds ; therefore, 0°80 c.c. of water flow through in 80/85 x 59°4 
seconds=55°9 seconds. Hence 0°05 c.c. of sucrose flow through in 
75°0—55°9=19°1 seconds. From these results the time of flow of 
a constant volume (0°85 c.c.) of each constituent of the solution 
was calculated. 
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A series of values was calculated for sucrose solutions, and when 
the time of flow was plotted against the concentration of the 
solution a linear relation was obtained, until the time of flow of 
the sucrose exceeded the time of flow of the water; after this point 
the time of flow increased very rapidly. 

The values obtained are recorded in the following table, and the 
curve mentioned is also shown in Fig. 3, curve A. 


Time of 
Volume in flow of constituent Time of flow 

Per bulb of tube of Time of volume of of 0°85 c.c. of 
cent. - ss ~ flow of - te ~~ m ~ 
by vol. Sucrose. Water. solution. Sucrose. Water. Sucrose. Water. 

1 0°005 0°845 60°5 1°4 59°1 228°0 59°4 

5 0026 0°824 66°2 8°6 57°6 281°0 59°4 

10 0°5 0°80 75°0 19°1 55°9 324°6 59°4 

20 0°10 0°75 99°0 46°6 52°4 396°1 59°4 

30 0°16 0°69 139°4 91°2 48°2 484°5 59°4 

40 0°21 0°64 210°0 165°3 44°7 669°1 59°4 


Some interesting results are obtained by plotting the time of 
flow of the respective volumes of sucrose and water in the solution 
against the concentration of the solution, especially so if the 
concentration of the solution is expressed in grams per 100 grams 
of water. The relation obtained is a linear one in the case of water, 
and fairly close to a linear one with sucrose. In examining this 
relation it must be remembered that in the accompanying curve 
(Fig. 3, curve B) the volumes are different for each different 
concentration. The fact, however, that this relation is regular 
and remains so with increasing concentration seems to justify the 
foregoing method of calculation, and it would appear that some 
definite meaning can be given to the times of flow for a constant 
volume of sucrose in solution. It was through considerations of 
this nature that the method of expressing concentration as grams 
per grams solvent was adopted. 


Explanation of the Deviation of the Increase in Viscosity of 
Solutions with Increasing Concentration from any Simple Law. 


Viscosity is generally considered to be a case of sliding friction, 
and in any simple solution there are three possible kinds of such 
friction, namely, (1) molecules of the solvent on molecules of the 
solvent, (2) molecules of the solute on molecules of the solvent, 
(3) molecules of the solute on molecules of the solute. When the 
values for (1) and (3) are nearly equal it is possible that (2) will 
also be of the same order, and accordingly a simple relation between 
the resultant friction and the composition of the solution may 
hold, as has been found in certain cases. 


i al 
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If, however, (1) and (3) differ widely (as may be assumed to be 
the case with sucrose and water), (2) will receive a value different 
to either, and if neglected in calculations would introduce large 
errors. 

In treating the viscosity of a solution containing two kinds of 
molecules, as outlined above, it was assumed that the total resist- 
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ance to the movement of the molecules was the sum of the 
frictional resistances. 
The viscosity of the solution, 7, might then be expressed : 
n=af! + bf" + fll’, 

where /’, f”, and f/’ are the three coefficients of friction referred 
to, and a, 6, and ¢ represent the number of collisions per second 
between the same groups of molecules. The chances of collision 
} between any two molecules vary with the number of possible 
collisions, so that the latter figure may be used as a relative value 
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to insert into the equation given. The number of possible combina- 
tions of WV things taken RF at a time is: 
lara 
R(W-Ry’ 
therefore, taking molecules two at a time the equation may be 
written : 


ot a’ / - F b’ : 44 + _ c ELA 
1 8(a — 2)’ 2(b — 2) He-2) J: 


If one’s attention be now confined to any definite number of 
molecules, say, 10, this equation can be further simplified. As the 
relative numbers change from 9 of one kind and 1 of the other, 
to 8 and 2, 7 and 3, and so on, the equations also change as shown: 

n= 36f! + 9f", 
n= 28f! +16f" +f", 
n=21f! + 21f" +3”, 
n=15f! + 24f" + 6f'", 
etc., etc., 
the effect of increasing the concentration on the form of the 
equation being thus represented. 

By giving different values to f’, f”, and f/’, and plotting the 
value of » obtained from the above equation against the concen- 
tration of the solution, any form of curve can be obtained, varying 
from a straight line to one very closely resembling that of sugar 
solutions. The latter form of curve was obtained by assuming that 
f'’ was considerably larger than /’, and that /” was nearer to /! 
than to f!”’. 

This theory does not aim at solving the question of viscosity, 
since it is recognised that there are many other factors which must 
be taken into consideration besides friction, such as cohesion 
adhesion, molecular volume, etc., but it is meant to show how it is 
possible that frictional resistance may assert itself and definitely 
characterise the order of the change in viscosity brought about by 
a change in the composition of the solution. 

Up to the present time no consistent theory seems to have been 
worked out to explain viscosity, but various suggestions have been 
made by different authors. Bingham (Amer. Chem. J., 1911, 45, 
265) thinks that the viscosity of liquids is not primarily dependent 
on their cohesion, but on the volumes of the individual molecules, 
since the chances of collision between different molecules will 
depend on the ratio of the volumes of the molecules to the volume 
of the space between them. Blanchard (J. Amer. Chem. Soc., 1904, 
26, 1315) asserts that the viscosity varies with the molecular weight 
and symmetry, and that the greater the latter the less is the 
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viscosity. He then assumes as a general principle that an increase 
in viscosity is due to an increase in the size of the molecules or to 
a decrease in their symmetry. Both of these theories fall into line 
with the idea of studying the question as a simple case of friction, 
as has here been worked out, although a conditional clause should 
perhaps have been added to Blanchard’s principle to meet such 
cases as those already mentioned, where the friction between the 
different kinds of molecules is widely removed from that between 
like molecules in the two groups comprising the solution. 


Viscosity of Mixtures. 
Thorpe and Rodger (T., 1897, 71, 360) investigated very thor- 


oughly the viscosities of mixtures, using the formula: 


_ Myatt rnp » 
ee je aae’ OP Sa 
which gives the viscosity of a mixture of m grams of liquid a and 
n grams of liquid b, the viscosities of the constituent liquids being 
ja and m, respectively. The actual viscosities of the mixtures are 
uniformly lower than those calculated, on the supposition that each 
constituent exerts an influence proportional to its amount, and this 
fact has long been realised. Dunstan (T., 1904, 85, 819) states it 
thus: ‘The law of mixtures is never accurately obeyed, and 
divergences from it seem to be more clearly marked out in the case 
of viscosity than with other properties, such as refractive index.” 
Thorpe and Rodger, however, went further than the simple formula 
given, and assumed that if a mixture had been formed from p c.c. 
of a liquid a and gq c.c. of a liquid 6, the time of flow of the 
volume of the mixture produced would be the sum of the times of 
flow of p c.c. of liquid a and q c.c. of liquid 6. On this assumption, 
if m grams of liquid a, having a density p,, are mixed with m grams 
of liquid 6, having a density p,, to form (m+m) grams of a 
mixture having density pm, then: 


mPm Na + nm nN 


es. S.. in ooo a 
_ (m+n) 

An examination of the table on p. 14 shows that this assump- 
tion cannot be made for a mixture of aqueous sucrose solutions and 
water, since the time of flow of a constant volume of sucrose varies 
greatly with the concentration of the mixture. The difference 
between the viscosities of sucrose and water, however, is very 
great, and if one deals only with substances having viscosities not 
very widely separated, the formula given will be found to be much 
more applicable than is the case with a simple mixture of sucrose 

VOL. CV. Cc 
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and water. Such a case is met with in solutions containing sucrose, 
dextrose, and levulose, where the difference in individual viscosities 
is not very great up to a concentration of about 40 per cent. by 
weight. 


Mixture of equal Viscosity 
volumes of solutions of of Mixture. 
om ~~? —_ EE 
Sucrose. Dextrose. Cale. Obs. 4 


40 per cent. 40 per cent. 0°0486 0°0480 +0°0006 (i) 
ne - 0:0487 0°0480 +0°0007 (ii) 

Value (i) was obtained by employing formula (i), and value (ii) 
was obtained by employing formula (ii). As the results are very 
similar, the simpler formula was used in any subsequent work 
where approximation became necessary. 

The viscosities of many mixtures corresponding with dilute 
solution in water were determined by Arrhenius (loc. cit.), who 
calculated values from the two formule: 

(i) H(2, y)=4*By 
(ii) H(z, y)=1l+a.a+b.y. 

His calculated and actual values are given in the following table, 
where viscosities are relative to water 1:0000 at 24°7°, the tempera- 
ture of experiment, unless otherwise stated, being 24°7°. 


Formula (i) Formula (ii) 
Actual - ~ c ~ Tempera- 
Per cent. vulue. Cale. A. Cale. A. ture. 
Sucrose ... 3°70 1°189 1°202 0°013 1°228 0°039 0° 
3°14 1°148 1151 0°003 1°162 0-014 
Dextrose... 2°82 1117 1°129 0°012 1136 0°019 0° 


3°81 1153 1°162 0:009 1:178 0°025 — 


The agreement between actual and calculated values is very 
close, but is only so for dilute solutions, Arrhenius’ own figures 
pointing to this fact. For dealing with more concentrated solutions 
the author found that two equations, already given, could be used 
conjointly with a fair degree of accuracy: 


at nn a ee 
_ mya + nny 
> 0 ll ll li ll (6). 


Since the component viscosities of a mixture will depend, not 
only on the concentration of the component parts, but on the total 
concentration, the values of yg and m in equation (>) must be 
taken as the viscosities of (m+) grams of each constituent in the 
solution. Working on these lines and employing equation (a), 
where z=the concentration expressed as grams per 100 grams of 
water, to determine the component viscosities, the following values 
were obtained. 
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Mixture containing Sucrose and Dextrose in Solution. 


Per cent. in solution of Viscosity. 
Sucrose. Dextrose. Cale. Obs. A. 
5 20. 00206 0°0203 +0°0003 
10 20 0°0264 0°0263 +0°0001 
20 20 0°0488 00480 +0°0008 
20 10 0°0269 0'0268 +0°0001 
20 5 0°0211 00212 - 0°0001 


Average divergence from actual value being 0°7 per cent. 


Mixture containing Sucrose and Laevulose in Solution. 


Per cent. in solution of Viscosity. 
‘Sucrose. Levulose. Calc. Obs. A. 
5 20 0°0199 0:0200 +0°0001 
10 20 0°0258 0°0256 +0°0002 
20 20 0°0463 0°0457 + 00006 
20 10 0°0267 0°0265 +-0°0002 
20 5 0°0209 0°0216 — 0°0007 


The mean error here again being well under 1 per cent. 


Mixture containing Sucrose, Dextrose, and Laevulose in Solution. 


Per cent. in solution of Viscosity. 
- se ~ ae, 
Sucrose. Dextrose. Levulose. Cale. Obs. A. 
8:2 82 8:2 0°0199 0°0196 0°0003 


Behaviour of One Solute in the Presence of Another. 


In the first series of experiments solutions were prepared con- 
taining a constant percentage of one of the sugars, whilst the 
percentage of the other was varied. 

Experiment 1.—Solutions containing sucrose and dextrose, the 
percentage of sucrose being constant. 


Sucrose. Dextrose. Viscosity. 
20 5 0°0212 
20 10 0°0268 
20 20 0°0480 


Experiment 2.—Solutions containing sucrose and dextrose, the 
percentage of dextrose being constant. 


Sucrose. Dextrose. Viscosity. 
5 20 0°0203 
10 20 0°0263 
20 20 0:0480 


Experiment 3.—Solutions containing sucrose and levulose, the 
percentage of sucrose being constant. 


Sucrose. Levulose. Viscosity. 
20 5 0°0216 
20 10 0°0265 
20 20 0°0457 


c 2 
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Experiment 4.—Solutions containing sucrose and levulose, the 
percentage of levulose being constant. 


Sucrose. Levulose. Viscosity. 
5 20 00200 
10 20 0°0256 
20 20 0°0457 


These values have been plotted in the accompanying curves, 
together with the viscosity-concentration curve for the varying 
constituent. The initial difference between the two curves is due 
to 20 per cent. of the constant constituent. As the concentration 
of the mixture is increased, the difference is no longer represented 
by this simple value, but increases rapidly with the concentrating 
solution. That is to say, the effect of 20 per cent. of sucrose on the 
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viscosity of a 5 per cent. solution of dextrose, for instance, is 
much smaller than the effect on a 20 per cent. solution—in other 
words, the effect increases with the concentration. 


Effect of the Solvent. 


The same conclusion was arrived at by varying the solvent. The 
viscosities of solutions of sucrose in water, 20 per cent. alcohol, and 
50 per cent. alcohol were determined, and the rate of increase in 
viscosity with increase in concentration was found to be different 
in each case. The viscosity-concentration curves, corresponding with 
these determinations, were drawn, and readily indicate the differ- 
ence in the rate of increase. 
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The values of An/A conc. for the three solutions are: 


Solvent. An/A core. 
@ WHIDOE ooo oi c<ccenasescssntsases.e0e i 40 
20 per cent. alcohol ........... ... 68 
50 per cent. alcohol ............066 115 


and the conclusion, already reached, that the viscosity of any 
solution is a function of the solvent equally as much as one of the 
solute, is verified. 

The values determined are given in the following tables: 


TABLE A. 


Sucrose Dissolved in 50 per cent. Alcohol. 


Per cent. by weight. Viscosity. 
0 0°0234 
10 0°0306 
20 0°0464 
30 00778 
TaBLeE B. 


Sucrose Dissolved in 20 per cent. Alcohol. 


Per cent. by weight. Viscosity. 
0°0164 
20 00298 


The values of the viscosities of solutions of sucrose in water have 
already been given. 


Further Examination of Mixtures. 


Three further series of experiments were conducted on the viscosi- 

ties of solutions containing more than one solute, keeping: 
(1) Normality constant, 
(2) Total percentage by weight constant, 
(3) Total grams per 100 grams of water constant. 

The results obtained again indicate the usefulness of the last 
method of expressing the concentration, for by its use the calcu- 
lated values (shown graphically) are almost identical with the 
experimental ones. 

(1) Normality Constant.—-The viscosity-concentration curves 
themselves are of little use, since yiscosities are not additive ; hence, 
throughout, the log-viscosity-concentration curves have been plotted. 
For this first series, however, the difference between calculated 
and experimental values is very large, as was found before (table I) 
when stating concentration in terms of normality. 

(2) Total Percentage by Weight Constant.—In adding the values 
of the ordinates, a start is made from log0°0090, this being the 


2 see 
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value for water. In this series also the divergence between calcu- 


lated and experimental figures is very great. 

(3) Total grams per 100 grams of Water Constant.—The curves 
vorresponding with calculated and experimental values lie very 
close to each other, as was expected from previous results obtained 
by expressing the concentration in this manner. 


Summary. 


(1) The effect of temperature on the viscosities of solutions of 
sucrose, dextrose, and levulose in water is well expressed by 
Poiseuille’s equation : 


_— Yo ‘ 

1+at+ ft, 

(2) The relation between viscosity and concentration of aqueous 
solutions of sucrose, dextrose, and levulose is a logarithmic one if 


yt 
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in terms of normality. 


the concentration is expressed as grams of solute per grams of 
solvent, and may be represented “by the equation: 
"e=A®, 
where A is a constant and «x is the concentration. 
(3) A new method of calculation of viscosities of simple solutions 
is discussed, the time of flow of each of the constituents being 


calculated. 
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(4) A possible explanation of the deviation of the increase in 
viscosity of solutions with increasing concentration from any simple 
law is outlined. 

(5) It was found that for solutions of the three sugars men- 
tioned the two equations: 

N= A® 
and 
_ MNq + Np 
(m+n) 
may be used conjointly, with a fair degree of accuracy, for calcu- 
lating the viscosity of a solution containing two or more of the 
sugars. 

(6) Some general questions with regard to the viscosity of 

mixtures are discussed. 


In conclusion, I wish to express my thanks to Professor C. E. 
Fawsitt, under whose supervision I worked. 


CHEMICAL LABORATORY, 
UNIVERSITY OF SYDNEY. 


IL—The Absorption of Light by Uranous 
Chloride in Different Solvents. 


By Tuomas Ratpn MERTON. 


In all attempts to bring the study of the absorption spectra of 
solutions from the descriptive to the rational stage, the profound 
and apparently anomalous influence of the solvent has offered the 
greatest difficulty, and although various theories have been put 
forward, it cannot be said that they have met with much success. 
Observations of the absorption spectra in mixed solvents seem 
to have thrown some light on the subject. The first measurements 
of any importance in this direction are those of Deussen (Ann. 
Phys. Chem., 1898, [iii], 66, 1128), who investigated the absorp- 
tion spectra of uranyl salts in mixtures of water and alcohol and 
water and glycerol. Deussen found that if ethyl alcohol was added 
to an aqueous solution of uranyl nitrate, the bands were shifted 
towards the red. After a certain concentration of alcohol had 
been reached, the bands began to move again towards the violet,: 
until in pure alcohol they lay further towards the violet than in 
pure water. The importance of this investigation was to show that 
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in mixed solvents the positions of the bands are not necessarily 
intermediate between their respective positions in the pure 
solvents. 

Jones and his collaborators, in a series of papers (Amer. Chem. 
J., 1911 and 1912), have photographed a large number of absorp- 
tion spectra in pure and mixed solvents, and have shown that in 
many cases the bands peculiar to one solvent are replaced by bands 
peculiar to another, as the one solvent is replaced by the other, 
without a gradual shift. This, however, is no proof that aggregates 
of mixed composition are not formed, but that if they are present — 
they do not absorb the wave-lengths intermediate between the 
bands in the two pure solvents. 

In a previous investigation (Proc. Roy. Soc., 1912, A, 87, 138) 
the absorption spectrum of uranous chloride was examined in a 
number of solvents, and in certain cases the extinction curves 
were given. It was found that in a number of cases striking 
changes in the character of the absorption were brought about by 
the presence of free hydrogen chloride in the solution, this change 
having been first observed in the case of the acetone solution by 
Jones and Strong (Amer. Chem. J., 1911, 45, 122). In the 
presence of the free acid the relatively broad and nebulous bands 
become much sharper and narrower, and, in certain cases, are 
broken up into a number of very narrow, sharply-defined bands. 
In the present work a further investigation of these bands has 
been made, with a view to obtain some further evidence as to their 
origin and the circumstances in which they appear. 

The uranous chloride, and other materials, used in this investi- 
gation were obtained from Kahlbaum. The spectra were examined 
visually, and photographed. For visual examination a large model 
constant deviation spectroscope by Hilger was used, the wave- 
lengths being read on a helical drum with an average accuracy of 


1A.U. For the photographs of the spectra a concave grating 
spectrograph by Hilger was used, having a 1} inch grating of 
4 feet radius of curvature, and 20,000 lines to the inch. It was 
mounted according to the method described by Eagle (Astrophys. 
J., 1910, 31, 120). Wratten and Wainwright’s “M” plates on 
specially thin glass were used. They were bent in the plate-holder 
to a circle of radius equal to the radius of curvative of the grating. 
Eagle (oc. cit.) has shown that in these circumstances the spectrum 
obtained is as normal as is obtained by Rowland’s mounting. For 
the whole of the plate to be in perfect focus, it should be bent to a 
‘circle of half this radius, but it was found that over the range 
used the spectra were not appreciably out of focus. 

The solutions examined were contained in parallel-sided glass 
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cells in front of the slit of the spectrograph. As a source of light, 
the positive crater of a small carbon arc was used. The carbons 
were brushed over with a dilute solution of lithium nitrate, and 
the red and orange lithium lines and the sodium D lines served as 
standards. The scale of the photographs was almost exactly 
10 A.U. per millimetre. 

In pure solvents the absorption spectra are not very sharply 
defined, and the narrow bands, when present, could only be identi- 
fied with difficulty, being to a great extent masked by broad, 
diffuse absorption bands. When, however, the solution was satur- 
ated with dry hydrogen chloride or a few drops of concentrated 
hydrogen chloride in aqueous solution were added, the broad, 
diffuse bands disappeared, and were replaced by a sharply-defined 
and very characteristic spectrum. It was found that in some cases 
the absorption spectrum obtained by saturating with the dry gas 
was very different from that obtained by adding a few drops of 
concentrated hydrochloric acid in aqueous solution, whilst in others 
the two spectra were identical, or showed very small differences. 

In the plate, which has a wave-length scale in juxtaposition to 
each spectrum, No. 1 shows the absorption spectrum in pure acetone, 
which had been dried over barium oxide. Bands in the neighbour- 
hood of 670 and 654 could be seen, but were so masked by the 
general absorption that they do not appear in the reproduction. 
This occurs also in the other pure solvents. No. 2 is the spectrum 
of the same solution after saturation with dry hydrogen chloride. 
It will be seen that in place of the general absorption extremely 
characteristic bands have appeared. No. 3 is the same solution 
after adding a drop of concentrated hydrochloric acid in aqueous 
solution. 

It will be seen that these two spectra are very different. Another 
example of this change is shown in strips 4 and 5, which are of a 
solution in ethyl acetoacetate treated with dry and aqueous 
hydrogen chloride respectively. (In strip 4 a much thinner layer 
of solution was used in order to show the less refrangible bands, 
which in a thicker layer were somewhat masked by the general 
absorption.) 

In acetonitrile, however, the spectrum is the same, whether the 
solution is treated with dry or aqueous hydrogen chloride. Strips 
6 and 7 are the spectra in pure acetonitrile and in acetonitrile 
with hydrogen chloride respectively. Strip 8 is a solution in ethyl 
alcohol, with aqueous hydrogen chloride. When observed with the 
single prism spectroscope, there appeared to be a difference between 
the solutions in ethyl alcohol with aqueous and dry hydrogen 
chloride. The higher dispersion of the grating, however, shows that 
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this only consists of a sharpening of the bands in the former case. 
Strip 9 is the spectrum in acetophenone with hydrogen chloride. 

The changes may be tabulated as follows: 

(1) A general absorption which disappears on treatment with 
hydrogen chloride, whether a small quantity of water is present 
or not. 

(2) The group of bands between 5900 and 6050 which appear in 
acetone, acetonitrile, ethyl acetoacetate, ethyl alcohol, and aceto- 
phenone, on treatment with hydrogen chloride, whether water is 
present or not. 

(3) Bands at about 654 and 670 visible in acetone and ethyl 
acetoacetate, on treatment with hydrogen chloride, These bands 
disappear on adding a trace of water. The bands are just visible 
in pure acetone, but are almost completely masked by the general 
absorption. (The band at 626 in the acetone solution with dry 
hydrogen chloride appears to be peculiar to this solution.) 

(4) Bands at about 635 (faint), 657, 659, 666, 671, 676, etc., 
visible in acetone and ethyl acetoacetate with hydrogen chloride 
and a trace of water, and in ethyl alcohol and acetonitrile with 
hydrogen chloride with or without water. (The ethyl alcohol and 
acetonitrile were dried over barium oxide.) The relative intensities 
of these bands vary somewhat in the different solvents, although 
there can be no doubt that the bands in question correspond. 

The spectrum in acetophenone appears to be peculiar to that 
substance, 

It does not appear possible to explain the phenomena without 
assuming that different kinds of aggregate co-exist in the solutions, 
and that the vibrators responsible for the less refrangible bands are 
situated in different aggregates to those responsible for the more 
refrangible bands. 

It follows that the true molecular extinction-coefficient for a 
particular radiation cannot be derived from a measurement of the 
extinction-coefficient of the solution and a knowledge of its con- 
centration ; thus a weak absorption band in a concentrated solution 
may be due either to a small extinction-coefficient, or to the fact 
that only a small number of molecules are in the condition to 
absorb that particular radiation. In the case of the rare earths, 
Koenigsberger (see Houstoun, Proc. Roy. Soc. Edin., 1913, $8, 
161) has assumed that the absorption is due to exceptional 
molecules. The molecular extinction-coefficient of a solution would 
therefore appear to be the coefficient of the average aggregate, 
rather than that aggregate which is actually absorbing. 

In most physico-chemical measurements, such as density, viscosity, 
surface tension, etc., what really is measured is the property of the 


[To face p. 26. 


LEVY: THE ACTION OF AMINO-ACID ESTERS, ETC. 27 


average aggregate. An aggregate identical with the average 
aggregate for one property of a solution might be quite different 
from the aggregate which was the average aggregate in determining 
another property. 


In conclusion, I should like to thank Mr. H. B. Hartley, of 
Balliol College, Oxford, for his kind advice. 


25, GILBERT STREET, 
Lonpon, W. 


IlI.—The Action of Amino-acid Esters on Ethyl 
Dicarboxyglutaconate. 


By Srantey Isaac Levy. 


WHEN ethyl dicarboxyglutaconate, CH(CO,Et),*CH:C(CO,Et),, of 
which the sodium derivative is obtained by the action of chloroform 
on ethyl sodiomalonate (Conrad and Guthzeit, Annalen, 1883, 222, 
256), is allowed to remain for some days with concentrated aqueous 
ammonia, it decomposes, with elimination of ethyl malonate, form- 
ing ethyl aminomethylenemalonate, NH,*CH:C(CO,Et), (Ruhemann 
and Morrell, T., 1891, 59, 744). The mechanism of this change, 
and the actions of various ammonia derivatives on ethyl 
dicarboxyglutaconate, have been studied by Ruhemann and his 
pupils, and it has been found that the reaction is one of very 
general application ; thus analogous derivatives have been obtained 
by the action of aniline and aromatic diamines, primary and 
secondary aliphatic amines and diamines, hydroxylamine, hydr- 
azine, phenylhydrazine, piperidine, etc. (compare Ruhemann and 
Morrell, T., 1892, 61, 791; Ber., 1894, 27, 2743; Ruhemann and 
Miss Sedgwick, Ber., 1895, 28, 822; Ruhemann, Ber., 1897, 80, 
821, 1083; Ruhemann and Hemmy, Ber., 1897, 30, 2022). The 
reaction has now been extended to amino-acid esters, and it is 
found to apply generally to a-amino-compounds of this class. 

The change takes place very readily when a solution of ethyl 
sodiodicarboxyglutaconate in boiling alcohol is treated with the 
calculated quantity of the ester hydrochloride in the same solvent; 
the yellow colour of the sodium compound is rapidly discharged, 
with separation of sodium chloride, In the case of ethyl glycine 
hydrochloride, for example, the reaction is expressed by the 
equation : 

CO,Et-CH,*NH,,HCl + CNa(CO,Et),*CH:C(CO,Et),= 

CO,Et-CH,-NH-CH:C(CO,Et), + CH,(CO,Et), + NaCl, 
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ethyl glycylmethylenemalonate, together with ethyl malonate, being 
obtained. Analogous derivatives have been prepared, by the same 
method, from the ester hydrochlorides of alanine, aminobutyric, 
and aminoisobutyric acids, and leucine; but whereas the glycine 
compound is a colourless, odourless, crystalline solid, melting at 
98—99°, the homologues hitherto obtained are yellow, viscous oils, 
which show no tendency to solidify, and possess definite odours 
recalling that of mustard oil. The reaction has been shown to take 
place also with the ester hydrochlorides of tyrosine, aspartic acid, 
and o-aminobenzoic acid; the products in these cases also are 
yellow oils, but since they decompose when distilled in a vacuum 
it has been impossible to obtain them in the pure state. 

In chemical behaviour the new derivatives very closely resemble 
ethyl aminomethylenemalonate, of which a further examination 
has been made in an effort to prepare from it some saturated 
derivatives. Several attempts have been made to reduce this sub- 
stance, with the view of establishing a more convenient synthesis 
of B-alanine, according to the scheme: 

NH,°CH:C(CO,Et), —> NH,°CH,-CH(CO,Et), — 

NH.°CH,°CH(CO,H), —> NH,°CH,°CH,°CO,H, 
but none has been successful. On account of the ease with which 
the compound decomposes in acid or alkaline solutions, neutral 
reducing agents have been employed; but zinc and magnesium, in 
the presence of neutral salts, the zinc-copper couple, and finally 
hydrogen in the presence of colloidal palladium, are all without 
effect. Bromine in glacial acetic acid in the cold causes hydrolysis, 
according to the equation : 

NH.CH:C(CO, Et), + Br, + 2H,0 = 

NH,Br + H:CO,H + CHBr(CO,Et), ; 
a similar decomposition occurs when dry hydrogen chloride is 
passed into the benzene solution. The ester is equally sensitive to 
the action of alkaline reagents; when treated with sodium ethoxide 
in absolute alcohol solution it decomposes, with evolution of 
ammonia, and separation of ethyl sodiomalonate. 

Ethyl glycylmethylenemalonate and its homologues show a close 
parallel with this behaviour. They dissolve readily in cold concen- 
trated sulphuric and hydrochloric acids, giving solutions from 
which the various products of hydrolysis are obtained on dilution ; 
they are not attacked by neutral reducing agents, and are decom- 
posed by alkalis and by bromine in the cold. When heated with 
aniline they decompose according to the equation (for the glycine 
compound) : 

CO,Et:CH,-NH-CH:C(CO,Et), + 2C,;H;*NH,= 

CO, Et-CH,"NH, + C,H;-NH-CH:C(CO,Et)-CO-NH-C,H; + EtOH, 


mean) 
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yielding the amino-acid ester and the monoanilide of ethyl anilino- 
methylenemalonate in precisely the same way as ethyl amino- 
methylenemalonate, when heated with aniline, gives ammonia and 
the monoanilide (Ruhemann and Morrell, Ber., 1894, 27, 2743). 


EXPERIMENTAL. 
Ethyl Glycylmethylenemalonate, CO,Et’CH,*NH-CH:C(CO,Et),. 


A solution of ethyl sodiodicarboxyglutaconate (7°1 grams) in 
boiling alcohol is treated with ethyl glycine hydrochloride (3 grams, 
1 mol.), dissolved in the same medium. Sodium chloride begins to 
separate at once, and the yellow colour of the solution is rapidly 
discharged. The mixture is heated on the water-bath until the 
alcohol has been almost completely removed; on addition of water 
the sodium chloride dissolves, leaving an oil, which sets almost at 
once to a mass of crystals. The solid is collected by the aid of the 
pump, ethyl malonate passing through with the filtrate; the solid 
is then dissolved in hot dilute alcohol, from which it separates on 
cooling in colourless prisms melting at 97—-98°: 

0°2027 gave 0°3900 CO, and 0°1272 H,O. C=52°47; H=6'97. 

C,,H,;,O,N requires C=52°75; H=6°96 per cent. 

The ester is very readily soluble in ether or alcohol; on diluting 
the alcoholic solution with water, it separates as an emulsion, which 
solidifies on keeping. 

The amide, NH,*CO-CH,-NH-°CH:C(CO,Et)., is obtained on 
dissolving the ester in concentrated aqueous ammonia; after keep- 
ing for a short time, the solution sets to a semi-solid. The amide 
is collected and crystallised from boiling water, in which it is 
readily soluble; on cooling it separates in colourless needles, which 
soften at 178° and melt and decompose at 180—181°: 

0°2053 gave 0°3705 CO, and 0°1205 H,O. C=49°21; H=6°52. 

071970 ,, 198 c.c. Nz at 23° and 771 mm. N=11°50. 

C,>H,;,O;N, requires C=49°18; H=6°55; N=11°47 per cent. 

The amide dissolves at once in cold concentrated sulphuric acid, 
forming a greenish-yellow, fluorescent solution; on pouring on ice 
after two days, it is deposited unchanged, but if the solution is 
warmed, it darkens rapidly, and decomposition occurs. 


Ethyl Alanylmethylenemalonate, CO,Et‘;CHMe-NH-CH:C(CO,Et).. 


When ethy] sodiodicarboxyglutaconate (7°0 grams), dissolved in 
boiling alcohol, is treated with ethyl a-alanine hydrochloride 
(3°2 grams, 1 moi.) the colour is discharged, and sodium chloride 
is precipitated; after the removal of alcohol on the water-bath, 
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addition of water causes the separation of an oil, which does not 
solidify, even when cooled in a freezing mixture. The oil is 
extracted with ether, the ethereal solution dried, and the brown 
oil left after removal of the solvent fractionated under diminished 
pressure. Ethyl malonate distils at 90—95°/12 mm.; the tempera- 
ture then rises sharply, and at 206—212°/12 mm. a yellow oil 
distils, a slight tarry residue remaining in the distilling flask. On 
redistillation the oil passes over completely at 206—207°/10 mm., 
and is then obtained as a pale yellow, viscous liquid; the yield is 
almost theoretical : 

0°2370 gave 0°4720 CO, and 0°1550 H,O. C=54°32; H=7-27. 

C,3;H,,0,N requires C=54°35; H=7°32 per cent. 

The oil dissolves readily in cold concentrated sulphuric acid. 
When after keeping for a day the cold solution is poured on a 
small quantity of ice, a white solid separates; from the ease with 
which this dissolves in water, and the reddish colour observed when 
ferric chloride is added to the aqueous solution, this was identified 
as the salt of the amino-acid; on diluting the filtrate, a yellow oil 
is precipitated. A clear solution is also obtained when ethyl alanyl- 
methylenemalonate is treated with cold concentrated hydrochloric 
acid; on diluting after one day, an oil separates, which has the 
odour of ethyl malonate. Decomposition also occurs when the ester 
is treated with three equivalents of cold alcoholic potassium 
hydroxide, or with bromine in glacial acetic acid. 

Attempts were made to reduce the ester with the zinc—copper 
couple. A solution in 95 per cent. alcohol was heated with this 
reagent for two hours on the water-bath. After filtering, the 
alcohol was removed by evaporation; the residue on addition of 
water formed an oil, which was extracted with ether, and found by 
distillation to be the unchanged ester. 

Ethyl alanylmethylenemalonate does not react when treated with 
aniline in glacial acetic acid solution at the ordinary temperature ; 
if the mixture is heated on the water-bath, decomposition occurs. 
No reaction occurs if a mixture of the ester with aniline alone is 
heated on the water-bath for two hours; but if this mixture is kept 
at 150° for the same time, a dark, oily product is obtained, which 
solidifies on cooling. The solid dissolves readily in warm alcohol; 
after boiling with animal charcoal, the filtered and concentrated 
solution deposits on cooling a pale yellow solid, which is obtained 
on crystallisation from dilute alcohol in elongated needles, melting 
at 118—119°: 

0°1910 gave 15°0 c.c. N, at 21° and 772 mm. N=9°08. 

C,3H,,0;N, requires N=9°03 per cent. 
This analysis and the melting point show the substance to be 
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the monoanilide of ethyl anilinomethylenemalonate. The mother 
liquor on concentration yields a small quantity of malondianilide, 
arising, as in the action of aniline on ethyl aminomethylenemalon- 
ate (Ruhemann and Morrell, loc. cit.), from the further action of 
aniline on the first substance. 

The monoanilide has also been recognised in the products of the 
action of aniline on ethyl glycylmethylenemalonate and on ethyl 
dimethylglycylmethylenemalonate (see below), and there can be no 
doubt that the reaction is a general one for this series of compounds. 


Ethyl Dimethylglycylmethylenemalonate, 
CO, Et-CMe,*NH-CH:C(CO,Et),. 


This compound is obtained by the action of ethyl a-aminovso- 
butyrate hydrochloride on ethyl sodiodicarboxyglutaconate, the 
method being the same as that employed in the preparation of the 
alanyl derivative. The reaction in this case proceeds more slowly, 
however, and the yield is not quite so good. The oil distils at 
220—222°/18 mm., with slight decomposition : 

0°1930 gave 0°3940 CO, and 0°1270 H,O. C=55°67; H=7°31. 

C,,H,,0,N requires C=55°81; H=7°64 per cent. 


Ethyl Ethylglycylmethylenemalonate, 
CO,Et-CHEt-NH:°CH:C(CO,Et)». 

This compound, isomeric with the above, is prepared, in the same 
way, from ethyl a-aminobutyrate hydrochloride. It is a pale yellow 
oil, boiling at 214—215°/12 mm.: 

0°1820 gave 0°3720 CO, and 0°1240 H,O. C=55°74; H=7°57. 

C,,H.,0,N requires C=55°81; H=7°64 per cent. 


Ethyl Leucylmethylenemalonate, 
CHMe,°CH(CO,Et)*NH°CH:C(CO,Et).. 

This substance, obtained from ethyl leucine hydrochloride by 
the same method as the above, is a yellow oil distilling with slight 
decomposition at 233—234°/12 mm.: 

0°1680 gave 0°3590 CO, and 0°1220 H,O. C=58'28; H=821. 

C,>H,;O,N requires C=58°36; H=821 per cent. 


In conclusion, I wish to express my sincerest thanks to Dr. 8. 
Rukemann, who suggested to me this investigation, and has helped 
me throughout by his kind advice. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. 
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IV.—The Condensation of Chloral Hydrate and 


Carbamide. 


By Noe. Guitsert Srevenson Coppin and 
ARTHUR WaLsH TITHERLEY, 


Tue study of the condensation between chloral and carbamide, 
described in the present paper, was made in order to facilitate the 
investigation now being undertaken of the mechanism of condensa- 
tion of glyoxylic acid and carbamide, which it is hoped will 
eventually lead to the synthesis and proof of constitution of certain 
degradation products of allantoin and uric acid, such as allanturic 
acid and oxonic acid, the chemical nature of which is still obscure. 

Jacobsen (Annalen, 1871, 157, 246), by adding chloral hydrate 
or alcoholate to a nearly saturated solution of carbamide, obtained 
a crystalline solid (m. p. 150°), which he regarded as the double 
compound, CCl,-CH:0,CO(NH,),, and also obtained a second 
compound (m. p 190°) in smaller amount, which on analysis 
corresponded with the formula 2CCl,*CH:0,CO(NH,)>. 

The nature and conditions of formation of these two derivatives 
have been examined by the authors, who find that they are normal 
condensation derivatives, analogous in constitution to the methylol 
derivatives obtained by Einhorn (Annalen, 1905, 348, 207; 1908, 
361, 131) in the condensation of formaldehyde and amides. That 
is, the solid of lower melting point is f-trichloro-a-hydroxyethy]l- 
carbamide, CCl,;CH(OH)-NH°CO-NH, (I), whilst the other is 
di(8-trichloro-a-hydroxyethyl)carbamide, 

CCl,-CH(OH)-NH:CO-NH:-CH(OH)-CCI, (II). 
Although the reactions leading to their formation are reversible, 
owing to the ease with which they crystallise out under suitable 
conditions, no difficulty is experienced in their isolation and puri- 
fication. Both these substances, which are sparingly soluble in 
water, are interesting in showing phenolic properties, by readily 
dissolving in aqueous alkali, owing to the negative influence of the 
CCl, group on the neighbouring hydroxyl. Whilst, however, they 
may be recovered unchanged from the alkaline solution by acidifi- 
cation, they are unstable towards alkali on warming, and readily 
yield chloroform and other products. 

It has been found that whilst in concentrated aqueous solutions 
equivalent quantities of chloral hydrate and carbamide react slowly 
at the ordinary temperature to give mainly the simple condensation 
derivative (I), small quantities of the compound (II), derived from 
two molecules of chloral hydrate and one of carbamide, were always 
formed, and that this secondary reaction is best prevented by using 
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two molecular proportions of carbamide to one of chloral hydrate 
in the condensation. When hydrochloric acid is present as catalyst, 
the velocity of the condensation is greatly accelerated, especially 
that leading to the formation of the compound (II) melting at 
196°, which results even when two molecular proportions of carb- 
amide to one of chloral hydrate are used. The same compound is 
found in considerable quantity without an acid catalyst when 
chloral hydrate and an excess of carbamide are heated at 80° 
without solvent ; and it is also slowly formed from the compound (I) 
and chloral hydrate in aqueous solution in the absence or presence 
of hydrochloric acid. The yield, however, by this method is much 
less than in its direct formation in the wet way from carbamide. 
In no case was any evidence obtained of the formation of trichloro- 
ethylidenedicarbamide, CCl;;CH(NH-°CO-NH,),, in the wet con- 
densation of chloral hydrate and carbamide, with or without acid 
catalyst. This substance has already been described by Pinner and 
Lifschiitz (Ber., 1887, 20, 2346), who obtained it by heating a 
mixture of chloral cyanohydrin and carbamide at 90°. It was 
finally obtained by the present authors by the condensation of 
B-trichloro-a-hydroxyethylearbamide and carbamide (in excess) in 
presence of acetic anhydride at 100°. The unsaturated compound, 
trichloroethylidenecarbamide, CCl,-CH:N-CO-NH,, was obtained in 
a pure form, as silky needles of high melting point, by a similar 
method to that employed by Diels and Seib (Ber., 1909, 42, 4065) 
in the dehydration of chloralurethane, namely, by the action of 
acetic anhydride on §-trichloro-a-hydroxyethylearbamide (I) in the 
presence of aqueous alkali. 


EXPERIMENTAL. 
B-Trichloro-a-hydrozyethylcarbamide, CCl,;CH(OH)-NH-CO-NHsg. 


The best conditions for the preparation of this substance were as 
follow: Twelve grams of carbamide (2 mols.) in 10 c.c. of water 
and 16°5 grams of chloral hydrate (1 mol.) in 10 c.c. of water were 
mixed and left in a corked flask at the ordinary temperature. 
Transparent crystals began to separate in a few hours, and at the 
end of three days, when no more was deposited, the crystals, con- 
sisting of nearly pure §-trichloro-a-hydroxyethylcarbamide, weighed 
14°8 grams (66 per cent. of the theoretical) and melted at 146°. 
After slow recrystallisation from a mixture of methyl alcohol and 
benzene it was obtained in large, transparent pyramids, melting at 
150°. (Found, Cl=51°16; N=13°65. C,;H;O,N.Cl, requires 
C=51'33; N=13°49 per cent.). 

When, instead of using the above proportions, equimolecular 
VOL. CY. D 
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quantities of chloral hydrate (16°5 grams) and carbamide (6 grams) 
are taken, after two days a mixture (12 grams) is obtained, consist- 
ing essentially of B-trichloro-a-hydroxyethylcarbamide, but contain- 
ing 3 per cent. of di(8-trichloro-a-hydroxyethyl)carbamide. It is 
possible to separate the two by cautious, rapid, fractional crystal- 
lisation from warm water. 

8-Trichloro-a-hydroxyethylcarbamide is soluble in 25 parts of 
water at 15°; it is very readily soluble in methyl and ethyl 
alcohols, or acetone, somewhat sparingly so in ether, and almost 
insoluble in chloroform or benzene. It is easily soluble in hot water, 
and on rapidly cooling separates out again without appreciable 
loss, but owing to slow hydrolysis into chloral and carbamide the 
amount which separates out on cooling decreases with the length 
of time of heating. Moreover, owing to the gradual appearance 
in the solution of free chloral hydrate and carbamide in equi- 
molecular proportions, di(8-trichloro-a-hydroxyethyl)carbamide is 
slowly formed. By weighing the crystals of impure §-trichloro-a- 
hydroxyethylearbamide which separated, and allowing for solu- 
bility, it was found that whilst in 50 per cent. aqueous solution at 
70° no appreciable hydrolysis occurs in thirty seconds, in fifteen 
minutes about 25 per cent. of the substance becomes hydrolysed 
into chloral and carbamide. On continued heating at 70° (in 
50 per cent. aqueous solution) di(8-trichloro-a-hydroxyethyl)carb- 
amide, which is sparingly soluble in hot water and apparently less 
easily hydrolysed than the mono-derivative, continually separates 
and disturbs the equilibrium. After an hour the solid mixture, 
which was isolated after cooling, weighed 50 per cent. of the 
original B-trichloro-a-hydroxyethylearbamide, and consisted of about 
70 per cent. of the mono- and 30 per cent. of the di-derivative. 
After three hours’ heating at 70° the solid mixture obtained by 
cooling (51 per cent. of the original weight) was richer in the 
di-derivative (53 per cent.). 

B-Trichloro-a-hydroxyethylcarbamide readily dissolves in aqueous 
sodium hydroxide, and is precipitated again in not too dilute 
solution by acids. On warming the alkaline solution rapid decom- 
position occurs, with the formation of chloroform. 


Di(B-trichloro-a-hydroxyethyl)carbamide, 
CCl,-CH(OH):-NH:CO-NH-CH(OH)-CC1,. 


Six grams of carbamide in 5 c.c. of water were mixed with 
33 grams of chloral hydrate in 10 c.c. of water, and 20 c.c. of 
concentrated hydrochloric acid were added. In a short time a fine, 
white, insoluble, micro-crystalline powder separated, and increased 
until finally the whole mass became largely solid. After three days 
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the insoluble solid was collected, and found to be pure di(A-tri- 
chloro-a-hydroxyethyl)carbamide (25 grams, or 71 per cent. of 
theory). The mother liquor deposited a further 0°5 gram on 
keeping. The substance after recrystallisation from aqueous alcohol 
separated in small, pearly flakes, melting at 196°. (Found, 
Cl=59°58; N=7°99. C;H,O,N,Cl, requires Cl=60°0; N=7°9 per 
cent.) 

The formation of this compound has been observed whenever 
aqueous chloral hydrate and carbamide are present in equi- 
molecular proportions, or even in the ratio of 1 mol. : 2 mols. in 
the presence of hydrochloric acid; thus 16°5 grams of chloral 
hydrate and 12 grams of carbamide dissolved in 120 c.c. of water 
and 5 c.c. of concentrated hydrochloric acid gave, after twelve 
hours, 2°8 grams, and in a week 3°6 grams of pure di(§-trichloro- 
a-hydroxyethyl)carbamide. The aqueous filtrate contained 
B-trichloro-a-hydroxyethylearbamide (12 grams). A much larger 
yield of the di-derivative (15°5 grams) was obtained from the above 
quantities of chloral hydrate and carbamide when dissolved in only 
15 c.c. of water and 27 c.c. of concentrated hydrochloric acid, the 
mixture being allowed to remain for several days. 

Di(B-trichloro-a-hydroxyethyl)carbamide is practically insoluble 
in water, chloroform, or benzene, somewhat sparingly soluble in 
ether, and moderately easily soluble in alcohol or acetone, It 
dissolves at once in aqueous sodium hydroxide, and is precipitated 
unchanged by acids, but if the alkaline solution is kept or heated, 
slow or rapid decomposition occurs, with the formation of chloro- 
form. 


Trichloroethylidenecarbamide, CCl,*CH:N-CO-NHsg. 


Ten grams of f-trichloro-a-hydroxyethylcarbamide, dissolved in 
100 c.c. of ice-cold N-sodium hydroxide (2 mols. NaOH), were 
treated gradually. and with continual agitation. with 5 grams of 
acetic anhydride. The temperature was kept low by surrounding 
the vessel with ice, and the addition of acetic anhydride, which 
immediately produced a white precipitate, occupied ten minutes. 
After a further ten minutes the mass was made distinctly alkaline 
by stirring with a little aqueous sodium hydroxide, and the snow- 
white, solid powder was collected and washed. It consisted of pure 
trichloroethylidenecarbamide, and the yield (9°3 grams) was practi- 
cally theoretical. It was obtained in fine, silky needles by cautious 
recrystallisation from a mixture of alcohol and benzene, and melted 
at 234°: 


0°1330, by Kjeldahl’s method, required 13°9 c.c. WV/10-HCl. 
N=14'63. 
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0°1534 gave 0°3482 AgCl. Cl=56'l. 
C,H,ON,Cl, requires N=14°78 ; Cl=56°2 per cent. 
The substance is readily soluble in alcohol or acetone, sparingly 
so in ether, and practically insoluble in chloroform. benzene, or 
water. 


Trichloroethylidenedicarbamide, CCl,;>CH(NH-CO-NH,),. 


Twelve grams of carbamide (2 mols.) and 20°8 grams of f-tri- 
chloro-a-hydroxyethylearbamide (1 mol.), both very finely powdered, 
were heated on the water-bath with 12 grams (1 mol.) of acetic 
anhydride for six hours. The clear liquid began to deposit a white 
solid after about half-an-hour, and ultimately the contents of the 
flask became largely solid. The mass was extracted with alcohol, 
and after washing with the latter the insoluble white powder was 
digested with 10 per cent. sodium hydroxide and washed. The 
residual crude trichloroethylidenedicarbamide (7 grams) gave low 
values (between 20 and 21 per cent.) for nitrogen on analysis; it 
was purified by dissolving in warm concentrated sulphuric acid, 
and after cooling cautiously precipitating by water and digesting 
with aqueous alkali. It was obtained in this way in fine needles 
(with considerable loss), sparingly soluble in boiling acetic acid, 
and practically insoluble in all the usual solvents. (Found, 
Cl=42°70; N=22°0. C,H,O,N,Cl, requires Cl=42°69; N=22°45 
per cent.) 


OrGANIC LABORATORY, 
UNIVERSITY OF LIVERPOOL. 


V.—The Action of Hydrogen Peroxide on the Sodium 
Alkyl Thiosulphates. 


By Dove.as Franx Twiss, 


A sHorT time ago it was shown by Fichter and Sjéstedt (Ber., 1910, 
43, 3422) that organic sulphur compounds, such as benzyl sulphide 
and disulphide, can be subjected to electrolytic oxidation in glacial 
acetic acid containing hydrogen chloride, with formation of 
sulphoxides, sulphones, and sulphonium compounds. In the hope 
of obtaining similar results with organic diselenides, dibenzyl 
diselenide was submitted to similar treatment, but the result was 
disappointing ; the diselenide molecule is apparently less stable than 
the disulphide, and the only isolated products were benzyl chloride 
and selenium. 
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As the preparation of oxidation products of the diselenides, for 
example, the diselenoxides or diselenones, appeared to be of interest, 
endeavours were made to achieve this end by the application of 
hydrogen peroxide, which has proved useful with the analogous 
sulphur compounds (compare Hinsberg, Ber., 1908, 41, 2836; 1910, 
43, 289). Again, however, the results were not those expected, for 
in acetic acid solution the oxidation gave almost entirely benzyl 
alcohol and selenious acid. Experiments in this direction have also 
been recently made incidentally by Fromm and Martin (Annalen, 
1913, 401, 185), who merely remark that they did not succeed 
in converting dibenzyl diselenide into the diselenoxide by means of 
hydrogen peroxide. The experiments recorded in the present paper 
were completed before this publication was made, 

In the failure of the two above methods, experiments were tried 
on the oxidation of sodium benzyl selenosulphate by hydrogen 
peroxide, and as the results appeared to be favourable, a prelimin- 
ary investigation was made with the analogous thiosulphate 
compounds. 

It is found that in acid solution the sodium alkyl thiosulphates 
are smoothly oxidised by hydrogen peroxide, with the formation 
of the corresponding disulphides. The process is very convenient 
as a method of preparation of the latter class of substance, and 
appears to possess some slight advantage over the methods 
previously described for the conversion of sodium alkyl thiosulphates 
into disulphides (Price and Twiss, T., 1907, 91, 2021; 1908, 93, 
1395; 1909, 95, 1489). It is interesting that whereas electrolytic 
reduction necessitates the application of neutral or alkaline solu- 
tions (T., 1907, 91, 2021), oxidation by hydrogen peroxide requires 
an acid solution. In the presence of excess of alkali, oxidation 
yields no insoluble substance, but appears to attack the character- 
istic disulphide grouping, with formation of sulphur oxy-acids and 
of organic carboxylic acids. The apparently general applicability 
of the method is evidenced by the preparation of disulphides of 
the radicles benzyl, o-nitrobenzyl, p-nitrobenzyl, and even allyl. 

An extension of the method to potassium o-nitrobenzylseleno- 
sulphate gave the production of di-o-nitrobenzyl diselenide, thus 
encouraging the hope that it may be useful for the preparation of 
diselenides also. 


Oxidation of Dibenzyl Diselenide. 


A cooled suspension of 13 grams of dibenzyl diselenide in 75 c.c. 
of glacial acetic acid was stirred continuously whilst 20 c.c. of 
hydrogen peroxide solution (30 per cent.) were added slowly in 
drops from a tap funnel. After the introduction of the hydrogen 
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peroxide, most of the solvent was removed by distillation under 
diminished pressure. The yellow residual oil in the flask partly 
crystallised on keeping, and the crystals were found to consist of 
selenious acid, which on reduction by a mixture of hydrochloric 
and sulphurous acids yielded practically the whole of the selenium 
originally present in the diselenide. 

The oil from which the selenious acid had crystallised, when 
distilled, gave a large fraction (b. p. 203—210°), consisting of 
benzyl alcohol. 

The only other substance that could be isolated was one which 
crystallised in very small quantity from the acetic acid distillate 
obtained in the first process after the oxidation ; this formed needles 
melting at 55°. 

Oxidation in acetone solution gave still less satisfactory results, 
but a minute quantity of the substance melting at 55° was again 
obtained, but it was again insufficient for further examination. 


Oxidation of the Alkyl Thiosulphate Compounds. 


The oxidation was effected in aqueous solution, and as the oxida- 
tion generates acid, all that is required is the addition of hydrogen 
peroxide solution : 

2C,H,;°CH,°S,0,Na + H,O, = (C,;H;*CH,)S, + 2NaHSQ,. 
The addition of a little acid, however, greatly accelerates the action, 
so that in a few hours at the ordinary temperature more than 
90 per cent. of the theoretical yield of almost pure disulphide is 
obtained. 

Taking sodium benzyl thiosulphate as a typical example, 3 grams 
of this substance were dissolved in 40 c.c. of water, 4 c.c. of dilute 
sulphuric acid were added, and then 4 c.c. of 30 per cent.. hydrogen 
peroxide solution. The solid which deposited melted at 71°5° 
without recrystallisation. The oxidation can be accelerated if neces- 


sary by warming without diminution of the yield. The addition 


of a little ferrous sulphate, although it catalyses the reaction, 
renders the product less pure. 

Similar results were obtained with sodium o-nitrobenzyl thio- 
sulphate and with sodium p-nitrobenzyl thiosulphate, the produced 
disulphides again being almost pure without further treatment. 

In experiments in which sodium o-nitrobenzyl thiosulphate was 
treated with hydrogen peroxide in aqueous solution containing suffi- 
cient sodium carbonate or sodium hydroxide to maintain an alkaline 
reaction to litmus, no disulphide or any other solid separated, 
although the thiosulphate compound was completely changed. 
Acidification of the solution by hydrochloric acid gave a precipitate 
which was identified as o-nitrobenzoic acid. 


ON THE SODIUM ALKYL THIOSULPHATES. 3y 


Sodium allyl thiosulphate was not isolated, but a solution prepared 
in the usual manner by heating together an alcoholic solution of 
allyl bromide with an aqueous solution of the equivalent quantity 
of thiosulphate, was first deprived of its alcohol by partial distilla- 
tion under diminished pressure; the cold residual solution was then 
treated with hydrogen peroxide, when diallyl disulphide slowly 
separated as an undistillable, yellow oil. (Found, S=42°3. C,H,)S, 
requires S=43°5 per cent.*) 

An attempt to prepare the disulphide by the action of iodine on 
a hot solution of sodium allyl thiosulphate (compare Price and 
Twiss, T., 1909, 95, 1489) did not yield a satisfactory result. 

Potassium o-nitrobenzyl selenosulphate (1°5 grams), dissolved in 
approximately 100 c.c. of water and treated with a little acetic acid 
and 3 c.c. of 30 per cent. hydrogen peroxide solution, gave a thick 
deposit of di-o-nitrobenzyl diselenide, the action being complete in 
one-half to one hour. When once crystallised from alcohol the 
substance was pure and of the correct melting point. 

With potassium p-nitrobenzyl selenosulphate under similar condi- 
tions the reaction appeared to proceed in an analogous manner, but 
the product was a substance melting at 118°, the melting point of 
the corresponding diselenide prepared by the action of iodine being 
107°5°. The cause of this discrepancy is not yet clear. 


The application of hydrogen peroxide in this direction for the 
preparation of disulphides and diselenides is being further extended, 
especially as it appears to be particularly well suited for the produc- 
tion of such compounds where other methods are known to give rise 
to by-products of unpleasant odour. 

It is also hoped to submit the chemical action to a physico- 
chemical examination. 


The author wishes to express his appreciation of the friendly 
interest of Dr. T. Slater Price in the above investigation. 


CHEMISTRY DEPARTMENT, 
MUNICIPAL TECHNICAL SCHOOL, 
BIRMINGHAM. 


* The sulphur was estimated by the electrolytic process of Gasparini (Gazzetta, 
1907, 37, 426), but considerable care was necessary in the introduction of the nitric 
acid on account of the vigour of the reaction on mixing. 
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VIL—Organic Derivatives of Silicon. Part XX, 
Some Condensation Products of Dibenzylsilicanediol. 


By Rosert Rosison and Freperic StTaniey Kippine. 


In the last four papers on organic derivatives of silicon (T., 1912, 
101, 2108, 2125, 2142, 2156) it was shown that certain disub- 
stituted silicanediols of the type SiR,(OH),, in which at least one 
of the radicles is aromatic, are capable of existence at the ordinary 
temperature, and, therefore, are mote stable than the corresponding 
derivatives of methane. 

Such compounds, however, readily undergo change when they 
are heated alone, or when they are treated in solution with various 
reagents, such as alkali hydroxides, ammonia, or mineral acids. 
The result, as a rule, is the formation of a mixture of open- and 
closed-chain condensation products; from such mixtures representa- 
tives of the following types have already been isolated: 


HO-SiR,-0-SiR,-OH HO:SiR,"O-SiR,*O-SiR,"OH 
 O'SiR SiR,-O-SiR, 
SIRO gin? O<S1R2-0-Si1R 


Hitherto very little attention has been paid to the conditions 
under which each of these different types of condensation product 
is formed ; the mixtures of these compounds were obtained more or 
less by chance during the preparation or purification of the diols. 

Now the importance of gaining further information respecting 
these condensation products need hardly be emphasised ; the study 
of the reactions by whic. they are formed cannot fail to throw some 
light on the processes, doubtless of an analogous character, which 
lead to the production of the complex mineral silicates. 

For this reason we have continued our investigations along 
various lines, and lave more particularly directed our attention to 
an examination of (a) the conditions under which the diols undergo 
condensation, (b) the conditions under which the open-chain are 
converted into closed-chain compounds, and (c) the comparative 
readiness with which the closed-chain compounds containing two, 
three, or four atoms of silicon respectively are formed. The results 
obtained from the study of dibenzylsilicanediol and its condensation 
products are described in this paper. 

Dibenzylsilicanedioi is very readily acted on by various reagents 
(p. 41), giving, as a rule, a mixture of anhydrobisdibenzylsilicane- 
diol and trianhydrotrisdibenzylsilicanediol. The former compound 
does not seem to yield any further condensation product by the 
direct elimination of the elements of water ; so far, we haye not been 
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able to prepare from it either dianhydrobisdibenzylsilicanediol, 
Si(CH,Ph)<)>Si(CH,Ph),, or the analogue of tetra-anhydrotetra- 


kisdiphenylsilicanediol. In alcoholic solution, however, in presence 
of hydrogen chloride, anhydrobisdibenzylsilicanediol is transformed 
into trianhydrotrisdibenzylsilicanediol; this change is doubtless 
dependent on the hydrolysis of some of the anhydrobisdibenzyl- 
silicanediol to dibenzylsilicanediol, but whether the trianhydro- 
compound is formed by the subsequent condensation of the dibenzyl- 
silicanediol with the unchanged anhydrobisdibenzylsilicanediol, or 
by the direct condensation of three molecules of the simple diol, is 
not known. 
Dianhydrotrisdibenzylsilicanediol, 
HO-Si(CH,Ph),°O°Si(CH,Ph),°O- Si(CH,Ph)," Ow, 

the analogue of dianhydrotrisdiphenylsilicanediol, may be obtained 
by carefully hydrolysing trianhydrotrisdibenzylsilicanediol with 
potassium hydroxide or hydrogen chloride in acetone solution; it 
is readily converted into trianhydrotrisdibenzylsilicanediol by traces 
of hydrogen chloride in alcoholic solution. These facts show that 
the hydrolysis and formation of these closed oxy-silicon chains are 
easily reversible reactions under the given conditions; it may also 
be concluded that the closed chain composed of three silicon and 
three oxygen atoms alternately linked together, is more easily 
formed than those containing either two or four atoms of both of 
these elements. 


EXPERIMENTAL. 
Dibenzylsilicanediol. 


Dibenzylsilicanediol is converted into anhydrobisdibenzylsilicane- 
diol when it is heated at about 110° (loc. cit., p. 2148), treated with 
hydrogen chloride in alcoholic solution (Joc. cit., p. 2150), or 
treated with acetyl chloride; in the last two cases trianhydrotris- 
dibenzylsilicanediol is also formed and may even be the principal 
product, but no other crystalline substance has been isolated from 
the oily matter, which is usually produced from the diol in these 
and other experiments. 

Dibenzylsilicanediol is also condensed by alkalis; when a solution 
of the diol in a 6 per cent. solution of sodium hydroxide is kept 
at the ordinary temperature exposed to the air, in the course of a 
day or two it deposits an oil, sometimes a solid, which is insoluble 
in a dilute aqueous solution of sodium hydroxide, but completely 
soluble in cold ethyl alcohol; this product is therefore probably a 
mixture of anhydrobisdibenzylsilicanediol and dianhydrotrisdi- 
benzylsilicanediol (p. 43). If, however, the alkaline solution is 
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heated at about 100° during some hours, the precipitate is only 
partly soluble in cold alcohol, and contains a considerable propor- 
tion of trianhydrotrisdibenzylsilicanediol. 

The separation of these condensation products from a cold alkaline 
solution of the diol certainly takes place more quickly in the 
presence than in the absence of air; it is improbable, however, 
that the atmospheric carbon dioxide has any direct action except 
that of diminishing the concentration of the sodium hydroxide. 
Apparently the solution contains the sodium derivative, or 
derivatives, of the diol in equilibrium with a very small quantity 
of one or more of the condensation products of the diol: 
Si(CH,Ph),(ONa), + H,O <-> Si(CH,Ph),(ONa)-OH + NaOH 

H,0 + 28i(CH,Ph),(ONa)‘OH <> 
HO-Si(CH,Ph),*O°Si(CH,Ph),"OH + 2NaOH, 
and the conversion of the alkali into carbonate merely disturbs the 
equilibrium. 

The behaviour of all the other diols towards dilute solutions of 
alkali hydroxides appears to be similar to that of the dibenzyl 
compound, but except in the case of diphenylsilicanediol, the con- 
densation products have not been isolated ; it would also seem that 
dibenzylstannanediol undergoes condensation under similar con- 
ditions (Smith and Kipping, T., 1913, 108, 2034). 

Dibenzylsilicanediol also undergoes condensation when its alcoholic 
solution is treated with a drop or two of piperidine; trianhydro- 
trisdibenzylsilicanediol is formed, together with an oil, the com- 
ponents of which have not been isolated. 


Anhydrobisdibenzylsilicanediol. 


Several further attempts have been made to convert this com- 

pound into dianhydrobisdibenzylsilicanediol, OSCR PR YO. 
[ge ae 

or tetra-anhydrotetrakisdibenzylsilicanediol, but without success. 
Acetyl chloride, as already stated (loc. cit., p. 2154), seems to have 
little or no action on the compound; in a recent experiment a 
solution of anhydrobisdibenzylsilicanediol in excess of the acid 
chloride was kept during some months and then evaporated, but the 
oily residue was readily and completely soluble in ethyl alcohol, and 
appeared to be free from higher condensation products. The 
alcoholic solution subsequently deposited crystals of trianhydro- 
trisdibenzylsilicanediol, but this compound had probably been 
formed by the action of traces of hydrogen chloride on anhydrobis- 
dibenzylsilicanediol (see below). 

The behaviour of anhydrobisdibenzylsilicanediol towards alkalis 
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was also examined in alcoholic solution, but crystalline compounds 
could not be isolated from the oily product which was formed in 
the course of some days. The action of piperidine in alcoholic 
solution was similar to that of potassium hydroxide, and led to 
the formation of an oily condensation product. 

Anhydrobisdibenzylsilicanediol was also heated with phosphoric 
oxide; the oily product was completely soluble in ethyl alcohol, 
and apparently did not contain trianhydrotrisdibenzylsilicanediol in 
appreciable quantity. When, however, an alcoholic solution of 
anhydrobisdibenzylsilicanediol, to which a few drops of concentrated 
hydrochloric acid had been added, was kept at the ordinary 
temperature, crystals of trianhydrotrisdibenzylsilicanediol were 
deposited in the course of twenty-four hours. It must therefore be 
concluded that the anhydro-derivative is hydrolysed by the hydro- 
chloric acid, giving dibenzylsilicanediol, which then undergoes con- 
densation under the influence of the same reagent. 


Dianhydrotrisdibenzylsilicanediol, 
HO-Si(CH,Ph),°O-Si(CH;Ph),°O°Si(CH,Ph),°OH. 


Although this compound is very probably present in the oils 
which are formed by the action of dilute alkali hydroxides on 
dibenzylsilicanediol and on anhydrobisdibenzylsilicanediol, it has 
not yet been isolated from these products. Attempts were therefore 
made to prepare it by the hydrolysis of trianhydrotrisdibenzyl- 
silicanediol in accordance with the equation: 


; 0-Si(CH, Pb’ 
Si(CH,Ph)s<O sic BPR O+H,0 = 


- O-Si(CH,Ph),-OH 

Si(CH,Pb),<o.8(CH Ph) OH: 

The trianhydro-derivative, although practically insoluble in 
alcohol, slowly dissolves in an alcoholic solution of potassium 
hydroxide at the ordinary temperature, owing to the occurrence of 
hydrolysis; from freshly prepared solutions water precipitates a 
solid, and the filtered solution gives with acetic acid a precipitate of 
dibenzylsilicanediol. An examination of the solid obtained in this 
way from the alkaline solution showed that it consisted of anhydro- 
bisdibenzylsilicanediol, or of a compound melting at 82°, or of a 
mixture of these two substances, and that its nature varied with 
the conditions of the experiment, owing to the occurrence of pro- 
gressive hydrolysis. In order to find a suitable method for the 
preparation of the compound melting at 82°, which was the desired 
dianhydro-derivative, various experiments were made under different 
conditions; the results showed that with the aid of acetone, in 
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which trianhydrotrisdibenzylsilicanediol is readily soluble, the 
primary product of hydrolysis is readily obtainable as follows: 

A solution of trianhydrotrisdibenzylsilicanediol in cold acetone 
is treated with a 3 per cent. solution of potassium hydroxide 
(2 mols.), and thirty seconds afterwards a slight excess of dilute 
acetic acid is added. The solution is then further diluted with 
water, and the oily precipitate is separated by filtration or extracted 
with ether. The ethereal solvtion of the oil is mixed with light 
petroleum and left to evaporate; the crystals which separate are 
then recrystallised several times from a mixture of the two solvents 
just mentioned. 

Dianhydrotrisdibenzylsilicanediol is thus obtained in large, 
transparent crystals, melting at 82°; the samples for analysis were 
dried over sulphuric acid: 


0°1899 gave 0°5019 CO, and 0°1088 H,O. C=72°2; H=6'4 
071733 ,, 0°4600 CO, ,, 0°0993 H. ,0. C=72'4; H=6'4. 
C,.H,,0,Si; requires C=72°3; H=6°3 per mt. 
Molecular-weight determinations were made by the cryoscopic 
method in benzene solution : 


0°253, in 13°55 grams of benzene, gave At —0°12°. M.W.=761. 
0°446, ,, 13°55 __=, » At—0°21°. M.W.=771. 


These results agree only moderately with the calculated molecular 
weight (C,.H,,0,Si, requires M.W. 696), and indicate a consider- 
able degree of association in benzene solution; in this respect they 
correspond closely with the values obtained under similar conditions 
in the case of other condensation products of this character, such 
as anhydrobisdiphenylsilicanediol and  dianhydrotrisdipheny]l- 
silicanediol (Kipping, Joc. cit., p. 2132, 2134); they may therefore 
be regarded as satisfactory. 

Dianhydrotrisdibenzylsilicanediol is readily soluble in ether or 
alcohol, and in all the other common organic solvents with the 
exception of cold light petroleum, in which it is only sparingly 
soluble; it is practically insoluble in water, and also in a cold 
dilute solution of potassium hydroxide. 

It is obvious from the above-descrited method of preparation of 
dianhydrotrisdibenzylsilicanediol that the rupture of the closed 
chain contained in the trianhydro-derivative takes place very 
rapidly under the influence of the potassium hydroxide, whereas the 
further hydrolysis, which results in the formation of anhydrobis- 
dibenzylsilicanediol and dibenzylsilicanediol takes place more slowly. 
Although the above-mentioned quantity of the alkali was generally 
used, the proportion of this substance seemed to be of much less 
importance than the time during which hydrolysis was allowed 
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to proceed. If, for example, more than a few minutes elapse 
between the addition of the alkali and that of the acetic acid, the 
product always contains a considerable quantity of dibenzylsilicane- 
diol, even when only two molecular proportions of potassium 
hydroxide are present. 


Hydrolysis of Trianhydrotrisdibenzylsilicanediol with Hydrogen 
Chloride. 


It has already been shown that dibenzylsilicanediol is slowly 
converted into trianhydrotrisdibenzylsilicanediol when it is treated 
with concentrated hydrochloric acid in alcoholic solution (loc. cit., 
p- 2150), and that under similar conditions anhydrobisdibenzyl- 
silicanediol is aiso transformed into the same condensation product. 
In the latter case it is clear that hydrolysis of the anhydro- 
derivative must precede condensation ; the reaction brought about 
by the hydrochloric acid is therefore a reversible one, and the pro- 
duction of trianhydrotrisdibenzylsilicanediol in almost theoretical 
quantities is determined merely by the insolubility of the latter in 
alcohol. Experiments were therefore made to ascertain whether 
under suitable conditions trianhydrotrisdibenzylsilicanediol could 
be hydrolysed with hydrochloric acid; it was thus found that the 
trianhydro-derivative could be converted into dianhydrotrisdibenzyl- 
silicanediol in the following manner. 

Trianhydrotrisdibenzylsilicanediol is dissolved in acetone and 
one drop of concentrated hydrochloric acid is added; after about 
half an hour’s time the solution is diluted with water and stirred 
vigorously. The precipitated solid is separated by filtration, and 
extracted with cold alcohol, which leaves a residue of unchanged 
trianhydrotrisdibenzylsilicanediol; the alcoholic solution is then 
diluted with water and the oily precipitate extracted with ether. 
The ethereal solution contains dianhydrotrisdibenzylsilicanediol, 
which is purified by recrystallisation from a mixture of ether and 
light petroleum. In this way only about 15 per cent. of the 
trianhydro-derivative is transformed into the dianhydro-compound, 
but by submitting the unchanged substance to the same treatment 
again, further quantities of the dianhydro-compound may be 
obtained. 

It might be concluded therefore that in acetone solution the 
hydrolysis of trianhydrotrisdibenzylsilicanediol by hydrogen chloride 
is a reversible reaction : 


H,0 +8i(CH,Ph),<0" sitoH? pO = 


O-Si(CH,Ph),*OH 


Si(CH,Pb)<0.$i(CH>Ph),-OH 
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and that under the conditions described above, equilibrium is 
attained when the proportion of dianhydrotris- to trianhydrotris- 
dibenzylsilicanediol is about 1:5 or 1:6. Probably the above 
equation expresses only one of several reversible reactions which 
occur, others being the following: 

O-Si(CH,Ph),-OH 
O°Si(CH,Ph),-OH 
28i(CH,Ph),(OH), <—> HO-Si(CH,Ph),-O-Si(CH,Ph),-OH + H,0. 


2H,0 +Si(CH,Ph),< <—> 3Si(CH,Ph),(OH), 


Conversion of Di- into Tri-anhydrotrisdibenzylsilicanediol. 


If the formation of dianhydrotrisdibenzylsilicanediol from the 
trianhydro-derivative in the manner just described is really a 
reversible reaction, then in alcoholic solution the change expressed 
by the above equation should proceed almost completely from right 
to left, owing to the insolubility of the trianhydro-compound in 
alcohol. This conclusion was fully confirmed by experiment. 

When an alcoholic solution of dianhydrotrisdibenzylsilicanediol, 
to which a drop of concentrated hydrochloric acid has been added, 
is kept at the ordinary temperature, it soon deposits a crystalline 
precipitate, melting at 98°, which consists of pure trianhydrotris- 
dibenzylsilicanediol. 

A quantitative experiment, made in the following manner, showed 
that the change is practically complete. A known quantity of 
dianhydrotrisdibenzylsilicanediol, contained in a weighing bottle, 
was dissolved in alcohol, to which one drop of concentrated hydro- 
chloric acid had been added; after the solution had been kept for 
about twelve hours, during which time it deposited crystals of 
trianhydrotrisdibenzylsilicanediol, it was evaporated in a desiccator 
over sulphuric acid and potassium hydroxide, and the residue was 
dried at about 90° until constant in weight. The loss amounted 
to 2°48 per cent., against a theoretical loss of 2°58 per cent. 

Dianhydrotrisdibenzylsilicanediol also undergoes condensation in 
alcoholic solution in presence of a trace of sodium hydroxide, even 
more readily than in presence of hydrogen chloride; within an 
hour, crystals of trianhydrotrisdibenzylsilicanediol are deposited 
from the solution. 

Acetic anhydride seems to have little action on dianhydrotris- 
dibenzylsilicanediol ; a small quantity of the compound was heated 
with this reagent for a short time, but was afterwards recovered 
unchanged. 

The action of acetyl chlorids was also studied. In one experi- 
ment the residue obtained by evaporating an acetyl chloride solution 
of the dianhydro-compound at the ordinary temperature was treated 
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with alcohol; it yielded crystals of trianhydrotrisdibenzylsilicane- 
diol. In another experiment, a weighed quantity of the substance 
was gently warmed with a small amount of acetyl chloride until 
the latter had evaporated, ard was then heated to 110°; no loss in 
weight, however, could be detected. The same sample was again 
treated with acetyl chloride, and after the latter had been 
evaporated, the residue was heated to about 125° in the course 
of forty-five minutes. The total loss in weight was 2°9 per cent., 
the theoretical loss for one molecule of water being 2°6 per cent. 
When the residue was warmed with alcohol, it gave a sparingly 
soluble powder, which separated from a mixture of ether and light 
petroleum in crystals melting at 98°. These results prove that 
dianhydro- may be converted into trianhydro-trisdibenzylsilicanediol 
by the treatment described, but they do not show whether it is 
the acetyl chloride itself which brings about condensation, or 
the traces of hydrogen chloride which are doubtless formed in the 
course of the experiment. 


Effect of Heat on Dianhydrotrisdibenzylsilicanediol. 


Although dianhydrotrisdibenzylsilicanediol is so readily converted 
into the closed-chain compound by acids or alkalis, this change 
cannot be satisfactorily accomplished by merely heating the 
dianhydro-compound (in the air). Quantitative experiments showed 
that at 130° only a very slow loss in weight took place; at higher 
temperatures, the loss was more rapid, but the residue had a strong 
odour of benzaldehyde, probably owing to atmospheric oxidation. 
In one case, during one hour at 175°, 0°3125 gram of substance 
lost 5°4 per cent., but there was no indication of a constant weight 
having been attained; as the theoretical loss for one molecule of 
water is only 2°58 per cent., more than one-half of the observed 
loss was doubtless due to the volatilisation of the benzaldehyde 
formed by atmospheric oxidation. The residue yielded less than 
01 gram of trianhydrotrisdibenzylsilicarediol, together with an oil 
from which crystais of dianhydrotrisdibenzylsilicanediol (m. p. 82°) 
were isolated. 


Trianhydrotrisdibenzylsilicanediol. 


Crystals of this compound deposited from a mixture of chloroform 
and light petroleum have been examined for us by Mr. Vernon 
Stott under the direction of Mr. A. Hutchinson, M.A., of the 
mineralogical laboratory, Cambridge; we are indebted to these 
gentlemen for the following report: 
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PART X 


Sub-class: holchedral. 


a: 6: c=2°797: 1: 1643; B=94°38’. 
Forms developed: a{100}, c{001}, m{110}, s{101}, r{I01}. 
Table of angles: 


Number of 
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At our request, Dr. I. M. Heilbron has very kindly photographed 
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Logarithms of relative thickness in mm. 
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59°29’ 
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Relative thicknesses in mm. of M/10,000-solution 


Full curve : Dibenzylsilicanediol in alcohol, with or without alkali. 
Dot curve: Anhydrobisdibenzylsilicanediol in alcohol. 

Dash curve: Dianhydrotrisdibenzylsilicanediol in alcohol. 
Dash-dot curve: T'rianhydrotrisdibenzylsilicanediol in chloroform. 


the absorption spectra of dibenzylsilicanediol and of the various 
condensation products of this diol, which, so far, have been pre- 
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pared. From the curves, which are given in the accompanying 
diagram, it will be seen that the spectra of all the four compounds 
are very similar, and show one fairly broad band, which covers the 
region of the first four or five bands shown by benzene (Baly and 
Collie, T., 1905, 8'7, 1332). In the case of those compounds which 
contain four or six benzyl groups, this band is found at lower 
molecular concentrations than in the case of dibenzylsilicanediol 
itself. It will also be seen that the addition of alkali to the 
alcoholic solution of the last-named compound brings about no 
alteration in the absorption spectrum. 


The authors are indebted to uhe Government Grant Committee of 
the Royal Society for a grant in aid of this investigation. 


UNIVERSITY COLLEGE, 
NorTrinGHAM. 


VIL.—The Optical Rotatory Power of Derivatives of 
Succinic Acid in Aqueous Solutions of Inorganic 
Salts. Part I. 


By Grorce WILLIAM CLouGH. 


Workers on the Walden inversion have been confronted by the 
fundamental difficulty that there are at present no means of 
ascertaining whether, when a group attached to an asymmetric 
carbon atom of an optically active compound has been displaced 


by another group, a change of configuration has or has — not 
PCls 


occurred. For example, in the transformation /-malic acid — + 
d-chlorosuccinic acid “> d-malic acid it is impossible to state 
which of the two reactions is accompanied by a change of con- 
figuration. The various hypotheses that have been advanced in 
explanation of the phenomenon are concerned with the mechanism 
of the reaction, but, as Frankland stated in his Presidential 
Address, ‘“‘ unfortunately all the attempts which have hitherto been 
made to apply these explanations to specific cases have been singu- 
larly unfruitful” (T., 1913, 108, 726). In his investigation of the 
relative effects of the various reagents that have been employed, 
Frankland makes the tentative hypothesis that the change of sign 
which almost invariably accompanies the action of phosphorus 
pentachloride or phosphorus pentabromide is, in the absence of 
evidence to the contrary, to be regarded as betraying a change of 
VOL. CV. E 
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configuration. The same author, however, emphasises the possibility 
that, notwithstanding the usual change in sign, the action of 
phosphorus pentachloride may be a “ normal’”’ action. It is evident, 
therefore, that, until confirmatory evidence is forthcoming, this 
suggestion can only be accepted with the greatest reserve. 

The present investigation has been undertaken in the hope that 
a study of the influence of solvent, concentration, and temperature 
respectively on the rotation of certain similarly constituted com- 
pounds of the same configuration will reveal regularities which may 
be subsequently utilised for the determination of configurative 
relations in doubtful cases. The large amount of experimental 
material already accumulated in this field exhibits few regularities 
which may be justifiably employed for this purpose. Frankland, 
however, has used the metho’ in order to prove that the esters of 
aB-dichloropropionic acid obtained by the action of phosphorus 
pentachloride on the levorotatory esters of glyceric acid have 
identical configurations. Although the higher esters obtained are 
optically opposite to the methyl ester, they are configuratively 
similar to the latter, inasmuch as rise of temperature diminishes 
their levorotation, but increases the dextrorotation of the methyl 
ester (Joc. cit., p. 718). 

The present author proposes to make a comparative study of the 
rotation of optically active derivatives of succinic acid in the pure 
condition, in aqueous solution and in aqueous solutions of certain 
inorganic salts. The rotatory power of many derivatives of succinic 
acid is particularly susceptible to the influence of solvent, concen- 
tration and temperature, and it appears to be more than a coinci- 
dence that compounds which exhibit the phenomenon of anomalous 
rotatory dispersion usually possess rotations which vary widely 
with the conditions under which they are measured. The influence 
of a large number of electrolytes on the rotation of aqueous /-malic 
acid at a constant temperature has been investigated by Stubbs 
(T., 1911, 99, 2265), whilst Patterson and Anderson have studied 
the effect of inorganic salts on the rotatory power of ethyl 
d-tartrate (T., 1912, 101, 1833). 

In the present paper the effects produced by sodium and barium 
haloids on the rotation of aqueous solutions of d-tartaric acid, 
methyl! d-tartrate, ethyl d-tartrate, and d-tartramide respectively at 
various temperatures are described. The results bear a striking 
resemblance to those obtained by Stubbs and by Patterson and 
Anderson. The salts employed cause a relatively large depression 
of the dextrorotation of these compounds in aqueous solution, and 
in some instances they cause a reversal of the sign of rotation. 

The curves in Fig. 1 represent the rotation of tartaric acid in 
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Fig. 1. 
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aqueous solution and in aqueous sodium chloride. The dextro- 
rotation of an aqueous solution of tartaric acid increases consider- 
ably both with dilution and with rise of temperature. Although 
the specific rotation of sodium hydrogen tartrate in aqueous solution 
is higher than that of tartaric acid, the rotation of tartaric acid in 
aqueous sodium chloride is much less than in aqueous solution. 

It is again obvious from the curves that the more dilute solution 
of tartaric acid in aqueous sodium chloride has a greater rotation 
than the more concentrated solution, and that the temperature- 
coefficients for all the solutions are positive. For the sake of 
comparison, the values calculated by Winther by extrapolation 
for the rotation of tartaric acid in the pure state are represented 
by the dotted curve (Zeitsch. physikal. Chem., 1902, 41, 161). The 
depression of rotation caused by sodium bromide is greater than 
that caused by sodium chloride, but less than that caused by 
sodium iodide. These salts thus exert the same relative effects on 
aqueous tartaric acid as on aqueous ethyl tartrate (Patterson and 
Anderson, loc. cit.). Stubbs similarly observed that potassium 
iodide influenced the rotation of malic acid to a greater extent 
than potassium bromide, which in turn had a greater effect than 
potassium chloride. Moreover, these regularities extend to the 
influence of barium haloids, which cause a greater alteration in 
the rotation than equivalent quantities of the corresponding 
sodium salts. 

The rotation curves for methyl tartrate in the pure condition, 
in aqueous solution, and in aqueous sodium chloride, are drawn in 
Fig. 2. The curves for the pure ester and for the aqueous solutions 
are drawn from the valuable data given by Patterson. The dissolu- 
tion of methyl tartrate in water considerably raises the rotation of 
the ester, and whilst the temperature-coefficient for the pure ester 
is positive, that for the aqueous solution is negative. The presence 
of sodium chloride in the aqueous solution has a remarkable effect, 
for not only is the rotation greatly reduced, but rise of temperature 
is now accompanied by an increase of rotation. The influence of 
barium bromide on the rotation of aqueous methyl tartrate is again 
much greater than that of sodium chloride. The curves for ethyl 
tartrate are very similar to those for the methyl ester. Patterson’s 
curves for the pure ester and for the aqueous solution, which are 
reproduced in Fig. 3, show that the rotation of the ester is much 
greater in aqueous solution than in the pure condition. The specific 
rotation in aqueous sodium chloride, however, is lower than that 
of the pure ester, but the temperature-coefficients are now similar. 
The relative effects of barium bromide and sodium chloride on the 
rotation of ethyl tartrate are of the same order as those of these 
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Specific rotation. 
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salts on tartaric acid and methyl tartrate. The comparatively large 
levorotation of methyl and ethyl tartrates in aqueous barium 
bromide at low temperature is particularly noticeable. ° 

The other derivative of tartaric acid which has been examined 


Fie. 3. 
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The aqueous sodium chloride contains 5°85 grams of sodium chloride in 20 grams 
of water and the aqueous barium bromide contains 14°86 grams of barium bromide 
in 20 grams of water. 


is tartramide. This compound is only sparingly soluble in water, 
but the aqueous solution is strongly dextrorotatory. The dextro- 
rotation is diminished by sodium chloride, and still more so by 
barium bromide. Increase of temperature slightly reduces the 
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specific rotation, both in aqueous solution and in aqueous sodium 
chloride. 

In order to account for the results obtained in the case of malic 
acid Stubbs advanced the view that the influence of the salts is 
mainly due to a direct and distinctive power possessed by the 
inactive molecules in solution to affect the asymmetry of the active 
ones within their sphere of influence without actual chemical 
combination. 

Patterson and Anderson maintain that the influence of inorganic 
salts is of the same order as that of organic solvents. Some years 
ago Patterson suggested that there was a relation between the 
rotatory power of a substance in a given solvent and the internal 
pressure of that solvent. This pressure, it was pointed out, would 
change the volume and also the shape of an asymmetric molecule, 
but as the shape of the molecule conditions the value of the 
rotation, alteration of volume would be accompanied by change 
of rotation (T., 1901, 79, 189). It would thus appear that there . 
is little difference between the explanation put forward by Stubbs 
and that previously advanced by Patterson for the more general 
case. In a recent paper Patterson expresses the belief “that the 
potentialities of the asymmetric carbon atom and of the most simple 
physical conceptions of those inter-molecular forces to which lique- 
faction is due are ample to account for all the observed behaviour ” 
(T., 1913, 108, 173). 

This conception implies that a gradual alteration of temperature 
or concentration, or the gradual addition of an inactive substance 
produces a corresponding gradual alteration in the shape or asym- 
metry of the molecules, and consequently a change of rotation. 
Although this hypothesis may explain the changes of rotation in 
many cases, it appears to be inadequate to account for the great 
variations in the rotation of such compounds as tartaric acid and 
its esters, or for the phenomenon of anomalous rotatory dispersion. 

More than sixty years ago Biot showed that a substance which 
exhibits anomalous rotatory dispersion behaves in this respect in 
precisely the same way as a mixture of two substances having 
opposite rotations and different dispersive powers (Ann. Chim. 
Phys., 1852, [iii], $6, 405). This interesting suggestion has been 
recently elaborated by Armstrong and Walker (Proc. Roy. Soc., 
1913, A, 88, 388), who advance the hypothesis that substances 
possessing anomalous rotatory dispersive power consist of iso- 
dynamic forms having different rotatory powers; for example, an 
aqueous solution of d-tartaric acid contains an equilibrium mixture 
of a dextrorotatory form and a levorotatory form, the former 
preponderating at high temperatures and in dilute solution. 
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Inasmuch as the equilibrium is conditioned by solvent, concentra- 
tion, and temperature, change of rotation is also dependent on 
these factors. The present author believes that this is the most 
satisfactory explanation that can be advanced at present to account 
for the large variations of rotation described in this paper. It is 
evident that the presence of certain inorganic salts in aqueous 
solution profoundly alters the equilibrium of the two isodynamic 
forms. The reason for the great difference between water and 
aqueous salt solutions is not at present clear. The influence of 
the salts is certainly opposite to that of dilution, but the rotation 
of ethyl tartrate in aqueous sodium chloride may be less than that 
of the ester in the pure condition. The rotation curves of the 
esters of tartaric acid indicate that the influence of temperature is 
not always the same, for in some solvents the temperature-coefficient 
is positive, whilst in others the coefficient is negative. 

An interesting point which appears to have received little atten- 
tion is the phenomenon exhibited by some optically active 
compounds of possessing, under certain conditions, no rotation. If 
the asymmetry of the molecule is the cause of optical activity it 
is difficult to conceive how a solution of similar asymmetric 
molecules could be optically inactive. The hypothesis of Armstrong 
and Walker, however, presents a ready solution of the difficulty. 
Under such conditions the rotations of the isodynamic forms 
exactly counterbalance one another. 

Armstrong and Walker suggest four possible formule for the 
isodynamic forms of tartaric acid : 

C-OH C(OH), 
Y . 
CO,H § ‘ou-on CH:*0H HO-GH i. 


. 1 fs 
(OH 60 cH-oH §=6HOS6 = oH-co,H HOCH 2 


— / \Z \Z 
CO,H C-OH re) GO 
(1.) (II.) (III.) (IV.) 


but consider that the forms preponderating in aqueous solution are 
represented by the carboxylic formula (I) and the lactonic formula 
(IIT). There can be little doubt but that the dextrorotatory form 
of d-tartaric acid is represented by the carboxylic formula, but 
there is little evidence in support of the lactonic formula for the 
levorotatory isodynamic form of d-tartaric acid. It seems probable 
that further work on the rotatory powers and rotatory dispersions 
of similar compounds will throw some light on the constitution 
of the latter form. The hypothesis should prove a useful guide 
in the investigation of the rotatory power of other derivatives of 
succinic acid on which the author is at present engaged, 


nee 


iti 
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EXPERIMENTAL. 


In order that the results might be comparable with those of 
other workers, the solutions have been prepared in such a manner 
that, whilst the weights of active substance and water are kept 
constant, the weights of the salts added are equivalent; thus the 
rotation of tartaric acid in water (y=16°667) should be compared 
with that in aqueous sodium chloride (p=13°95). 


Tartaric Acid im Water. 
Tartaric acid (10 grams) in water (50 grams). 
p=16°667 : 


D istnaiieas 5 14°. = 20°5°. 29°. 39°. 50°. 59°. 69°. 80°. 
@ +seceeseseee 1080 =61°077)—=—:1°078 1068 1063 1059 1°055 1°050 
a’, ([=4)... +834 891 957 10°21 1077 11°12 1148 11°78 
[a}e .....0000 +11°58 12°41 13°38 14°34 15°20 15°75 16°32 16°83 
Densities determined : /...... 13°. 23°. 40°, 55° 72° 
d...... 1°080 1:076 1068 1°061 = =1°054 
Tartaric acid (50 grams) in water (50 grams). 
p=50°00: 
Ditexesssisscets 16°5°. 30°. 36°. 48°, 
ee 1'272 1°261 1°256 1°247 
at (=2) ... +8°76 10°95 11°90 13°50 
[a]® ........ +6°89 8°68 9°47 10°83 
Densities determined : ¢...... 23°. 35°. 55°. 
d ... 1'266 1°257 1°243. 
Tartaric Acid in Aqueous Sodium Chloride. 
Tartaric acid (10 grams) and sodium chloride (11°7 grams, 
1/5 gram-mol. weight) in water (50 grams). 
p=13°95 
GD dtnsvassnseenose ware ae 15°. 30°. 46°. 56°, 64°, 
Doincneaseatencseve es 1°207 1°202 1°193 1°184 1178 1°173 
af (7=2) .. wee, -0°08 +0°51 1°36 2°06 2°37 2°64 
| ners 0°24 +152 4:09 624 7°21 8:07 
Densities determined : ¢...... i6°. 31° 47°. 64°. 
B ssusse 1201 1°193 1183 1178 


Tartaric acid (50 grams) and sodium chloride (11°7 grams) 
in water (50 grams). 


p=44'76: 
D ccccnaikessansisne 16°. 18°. a7 s.. 38°, 54°. 
ee OPE ee 1°333 1°332 1°327 1°320 1°309 
a,  _ ) rere — 0°20 + 0°22 2°25 4°22 6°52 
i ns taincirisintens -017 +0718 190 358 5°56 
Densities determined: ¢...... 24°. 40°. 58°. 


GB maces 1°329 1°318. 1°309 
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Tartaric Acid in Aqueous Sodium and Barium Haloids. 


Tartaric acid (10 grams) and the respective weights of anhydrous 
salts in water (50 grams). 


i# Salt. 
Sodium chloride . ... 


a ec 
«6 OE cis 


” > 
Barium chloride ...... 


Weight Gram-mol. 


of salt. weight. p. 
5°85 ts 15°19 
11°70 k 13°95 
14°62 } 13°43 
10°3 po 14°22 
20°6 4 12°41 
25°76 3 11°66 
15°0 ty 13°33 
37°5 j 10°26 
10°41 Jy 14:20 
14°84 Hy 13°36 
29 72 ri 11°15 
37°2 1 10°29 
— — 16°67 
* Interpolated. 


a®. 
1°136 
1°196 
1217 
1°200 
1°309 
1°363 
1°257 
1°482 
1°223 
1°286 
1°468 
1°564 
1°075 


a®(1=2). 
+ 2°63 


0°67 
2°40 
0°70 
0°07 
1°71 
— 0°87 
— 0°55 
— 0°80 
— 2°89 
— 3°34 


Methyl Tartrate in Aqueous Sodium Chloride. 


The methyl] tartrate used gave a} (/=2)+5°70°. Methyl tartrate 
(1°09 grams) in water (20 grams), p=5°17; weight of sodium 
chloride added, 5°85 grams, 


p=4044: 


Densities determined: ¢...... 


@ eo 


35°5°. 
1°168 


1°44 

7°62 
27°. 
1173 


43°. 


17165 


1°51 

8°33 
4%". 

1166 


[a]. 
+7°62 
3°30* 
1°90 
7°03 
2°15 
0°22 
5°11 
—2°88 
— 1°58 
— 2°34 
- 8°83 
— 10°38 
+12°98* 


Patterson’s values for methyl tartrate in water (y=5'17) are: 
[a]h* +21°10°, [a]f” 20°81°, [a}?® 20°20° 
(T., 1904, 85, 1150). 


Methyl] tartrate (20 grams) and sodium chloride (5°85 grams) 
in water (20 grams). 


p=43°62 \ 
© ccm iedacdabaapaie 16°. 18°5°. 3. 35°. 49°. 
uceusduitanste sakian 1°254 1°252 1°249 1°240 1°229 
at (1=2) ......000.+. +0°80 0°86 1°32 2°24 3°11 
{a}’ cdiinmancniiss +0°73 0°80 Ii 2°07 2°90 
* Densities determined: ¢....... 17°. 29°. 40°. 
4 is 398 1°245 1°236 
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Methyl Tartrate in Aqueous Barium Bromide. 


Methyl tartrate (20 grams) and barium bromide (14°86 grams) 
in water (20 grams). 


p=36°45: 
DP cendieescceepaceeiceeads 37". 29°. 36°. 
D cicintidtamaaiaedacceeboncdias 1°473 1°464 1°458 
a’ (7 =2) égeeaestind seman — 12°69 -- 10°79 — 9°66 
GOI eee eee new nrsccescnsnntinn — 12°02 -10°11 — 89% 
Densities determined: ¢...... 13°. 20°. 35°. 


d .. 1°476 1°468 1°459 
Patterson’s values for pure methyl tartrate are: 
[a]h® +1°83°, [a]p 2 07°, [a}p* 2°64°, [a]f* 3°60°, 
and for aqueous methyl tartrate (p=49°77): 
[a]p” +14°71°, [a]p* 14°59°, [a]§? 14°13° 
(T., 1904, 85, 766, 1150). 


Ethyl Tartrate in Aqueous Sodium Chloride. 


Ethyl tartrate (20 grams) and sodium chloride (5°85 grams) 
in water (20 grams). 


p=43°62 
© ccinivtcdnecosaativadaus a 28°. 36°. 50°. 
ER Ee are ee 1°202 1193 1:187 1:176 
at (J= 2)... eee. eee + 2°30 3°22 3°86 5°04 
[al coos..sersevcoressere +9°29 3°09 8°73 4°92 
Densities determined : ¢...... 18°. 80°. 44°, 


@ we 1°202 1°192 1'181 


Ethyl Tartrate in Aqueous Barium Bromide, 


Ethyl tartrate (20 grams) and barium bromide (14°86 grams) 
in water (20 grams). 


p=36°45: 
© soriaasiaetbsinkanses 15°. 38°. 45°. 29°. 
Os .ndvesabuenionss ce 1°430 1°409 1°403 1°418 
at (1=4) seersseoseee — 16°54 10°34 8°74 12°84 
I siccaeinasncescadin -7°93 5-03 4°27 6-21 
Densities determined: ¢...... 15°. 26°5°. 41°. 
\ ad... 1°430 1-420 1°407 
The following are Patterson’s values for the pure ester (T., 1913, 
108, 173): 


[a]p® +7°64° [a]p* 9°39°, [a}p* 11°45°, 
whereas the ethyl tartrate used in the above experiments gave 
az’ +18°92° (/=2). For aqueous ethyl tartrate (p=50) Patterson 
gives : 
[a}it? +17-44°, [a] 17°34°, [a]p* 17°17°, [ajp* 16-979, [a}p 16°76° 
(T., 1901, 79, 201). 
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Tartramide in Water. 


Tartramide (0°5 gram) in water (50 grams). 


p=0°99 
i ieeliaisicntienand wanehiatogr-as i . i 37° 
d " 1°001 0°999 0:998 
at (L=4)  eecceeseseee +4°42 4°40 4°38 
| +1115 11171 110 8 
Densities determined : ¢...... i. 81°. 50°. 


d@ ... 1°001 0°999 0°996. 


Tartramide in Aqueous Sodium Chloride. 


Tartramide (0°5 gram) and sodium chloride (14°62 grams) 
in water (50 grams). 


p=0°768 
OD ccsndeidntbcascecictilads 16 + ia 40° 
WE ciaiielibiidntadibn ti pdiaeaiadins 1°176 1°170 1°163 
ok | REP + 3°20 3°12 3°02 
[a]’ + 88°6 86°8 84°5 
Densities determined: ¢...... a”. 36°. 46°, 


ad... 1°175 1°165 1°159 


The relative effects of sodium chloride and barium bromide are 
indicate1 by the following values for solutions containing the salts 
and tartramide (0°5 gram) in water (50 grams): 


Weight Gram-mol. 


Salt. of salt. weight. . a5 (/=4), [a]. 
Sodium chloride...... a7 4 1°139 + 3°36 +90°2 
Barium bromide...... 29°7 ts 1°453 +1°97 +54°4 


The author wishes to thank the Research Fund Committee of the 
Chemical Society for a grant towards the expenses of this investi- 
gation. 
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ViUlL—The Action of Sulphuric Acid on Copper. 


By (the late) James Tupor CunDALL (with appendix by 
Munco McCatium FarrcGrieEve). 


Some time ago, in order to demonstrate the formation of copper 
sulphide in the preparation of sulphur dioxide by the action of 
concentrated sulphuric acid on copper turnings, I poured the dark 
liquid obtained into a large quantity of water, when I was surprised 


oe 
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to find that a bright red precipitate was produced instead of a 
black one. 

A number of experiments were then made, in which different 
samples of copper were heated under varying conditions with 
sulphuric acid in order to investigate the nature of this precipitate. 
It was found at first that the formation of the red precipitate was 
apparently capricious, variations in the sample of copper, and of 
sulphuric acid, in the time of action, and in the temperature having 
no constant effect; but in general it was noticed that the brightest 
red precipitates were usually obtained when the copper and 
sulphuric acid were heated until a brisk action occurred, the flame 
then removed, and the liquid allowed to remain a little before 
being poured off. The necessary delay was shorter the more finely 
divided the copper. In order to avoid contaminating the precipitate 
with copper sulphide or particles of copper carried over mechani- 
cally in the liquid, the latter was filtered through asbestos in a 
Gooch crucible into the water. 

It was then found that not only was the red precipitate formed 
when a sample of copper was acted on by successive quantities of 
acid, but also if portions of the liquid were drawn off at all stages 
of the action until the copper was nearly all dissolved. 

The red precipitate was formed most strikingly when the filtrate, 
although clear, was of a reddish-brown colour, and only appeared 
as the liquid diffused into the water. It was extremely finely 
divided, only settling after some hours. When collected and washed 
on a Gooch filter it assumed a metallic appearance, forming bright 
films of a coppery lustre that floated in the crucible. The weights 
of the precipitate were small, and could not be materially increased 
by increasing the amount of the acting substances or the time of 
action. They varied from 0°03 to 0°22 gram in weight, and were 
quite similar whether commercial copper turnings, “ pure precipi- 
- tated copper,” finely divided copper obtained by reducing pure 
copper oxide in hydrogen, or very pure electrolytic foil free from 
arsenic were used. 

The precipitates were then analysed, 0°135 gram yielding 0°135 
gram of copper, and 0°223 gram yielding 0°220 gram of copper. 
They were therefore practically pure copper. Other samples were 
examined for sulphur by conversion into barium sulphate, yielding 
only 0°24, 0°16, and 0°03 per cent. 

The red precipitate being therefore metallic copper, is formed in 
all probability by the decomposition of cuprous sulphate by water, 
as shown by Recoura (Compt. rend., 1909, 148, 1105): 


Cu,80, = CuSO, + Cu . ° . ° ° . (1) 
and a sample of cuprous sulphate prepared by Recoura’s method 
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gave with water a red precipitate identical in appearance with that 
obtained by the process described above. 

Suspicion having been aroused that the concentration of the 
sulphuric acid was the condition deciding the formation of the red 
precipitate, a series of experiments was made, in which sulphuric 
acid of various strengths was made to act on pure copper foil. If 
“pure distilled sulphuric acid” (D 1°8399) containing approxi- 
mately 95°4 per cent. of H,SO, was used, the red precipitate could 
not be obtained, and it was only on diluting it until the percentage 
of H,SO, was reduced to about 94 that it definitely appeared, 
becoming well marked at 91 per cent., and perhaps at its best at 
about 87 per cent. At lower percentages red precipitates were 
produced, but the action of the acid on the copper only continued 
of itself if the mixture was heated repeatedly. 

On examining the course of the action in the various cases it 
was seen that the reddish-brown liquid mentioned above as giving 
the red precipitate best when poured on to water was always to 
be noticed as pouring off the copper, but whereas in the weaker 
acids it persisted, in the more concentrated it rapidly became dark 
greenish as it passed away from the neighbourhood of the copper. 

If the reddish-brown liquid is allowed to remain or is gently 
heated it darkens and deposits a greyish-black precipitate. This 
precipitate when collected and washed resembles cuprous sulphide, 
and a portion weighing 0°0210 gram gave 0°0158 gram or 75 per 
cent. of copper (Cu,S=:79°9 per cent. Cu and CuS=66'5 per cent. 
Cu). It thus approximates to cuprous sulphide. 

When more strongly heated the reddish-brown liquid becomes 
greenish-black, and deposits a greenish-black precipitate, of which 
0°318 gram gave 0°2114 gram (=66'5 per cent.) of copper, and was 
therefore pure cupric sulphide, although if the heating is continued 
the precipitate dissolves with evolution of sulphur dioxide: 

CuS + 4H,SO,=CuS0,+480,+4H,O . . . (2) 


The final result of the reaction, if carried as far as possible, 
results in the maximum production of sulphur dioxide, as indicated 
by the equation: 

Cu+2H,SO,=CuSO,+S0,+2H,O ... . (8) 
showing a ratio of copper dissolved to sulphur dioxide set free of - 
1 to 1 (which may be observed by seeing that no solid residue is 
obtained). 

If the cupric sulphide is left unacted on, the ratio of copper to 
sulphur dioxide rises to 3: 1, and the ratio of copper as copper 
sulphate to copper as sulphide becomes 5°7 : 1, a relation which 
may be expressed by the formula: 

6Cu + 8H,SO,=5CuSO,+CuS+280,+8H,O . . (4) 
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If plenty of copper is left unacted on, cuprous sulphide is 
obtained, and the ratio of copper used to sulphur dioxide produced 
rises to 6 : 1, the equation for this being: 


Note on Above. 


The late Mr. Cundall left the draft of his research thus incom- 
plete, but from an earlier manuscript and from conversation with 
him I gather that he might have completed it and summarised 
his results somewhat as follows: 

The primary reactions of copper and sulphuric acid may be 
represented by the following equations: 

(a) 8Cu +4H,SO,=3Cu,SO, + Cu,S + 4H,0, 

(6) 2Cu+2H,SO,=Cu,SO, + 2H,0 + SO,, 
whilst the secondary reactions of the products formed are: 

(c) 5Cu,SO,+ 4H,SO,=Cu,S8 + 8CuSO, + 4H,0, 

(d) Cu,8 +2H,SO,=CuS + CuSO,+ 2H,0+S80,, . 
and 

(e) CuS + 4H,SO,= CuSO, + 480, + 4H,0. 

Cuprous sulphate is the primary product, both when the sulphuric 
acid is concentrated, and when it is diluted with water [‘‘ The 
reddish-brown liquid was always to be noticed as pouring off the 
copper,” see above], although a maximum value is given when the 
diluted acid approximates to one containing molecular proportions 
of sulphuric acid and water. In hot concentrated acid, however, 
the cuprous sulphate is even more unstable than in the slightly 
diluted acid, and reacts almost at once, as indicated by equation (c). 

Equation (a) is apparently specially a low-temperature reaction, 
and it is interesting to note that if combined with (c) in the 
proportion of 5 (a@)+3(c) we get: 

5Cu+4H,SO,=Cu,S + 3CuSO, + 4H,0, 
one of Pickering’s fundamental reactions (T., 1878, 33, 112). 

Equation (5) is made up of a+ 2b +e, 
and (4) ™ ~ a+2b+¢+2d. 

To get the ordinary equation for the completed action (3) it is, 
of course, possible to use either “a” or “}” in combination with 
‘ a” “ d,” and “ e.” 


Mr. Cundall’s results, therefore, on the whole confirm the final 
results of Pickering, although the mechanism of the changes 
involved is different, inasmuch as cuprous sulphate is regarded as 
the primary substance formed. 


SciENCE DEPARTMENT, 
Tur EpinpurGH ACADEMY. 
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IX.—The Configuration of  the,| Doubly. [Innked 
Nitrogen Atom. Optically Active Salts of the 
Semicarbazone and Benzoylphenylhydrazone of 
eycloHexanone-4-carboxylic Acid. 


By Witu1am Hosson Mitts and Atice Mary Bain. 


In spite of the facts that a certain number of phenylhydrazones 
and semicarbazones have been found to occur in isomeric modifica- 
tions, and that these are exclusively of the asymmetrical type 
R,R,C°-N-NHX, for several reasons—of which the most important 
are the greater irregularity in the occurrence of the isomerism and 
the absence of significant chemical differences between the 
isomerides, like the differences in ease of dehydration of the 
aldoximes, or in the course of the Beckmann transformation in the 
ketoximes—it is probably generally held that the evidence for the 
existence in these compounds of a geometrical isomerism, condi- 
tioned by the presence of nitrogen doubly linked to carbon in 
accordance with the hypothesis of Hantzsch and Werner, is by no 
means so strong as it is in the case of the oximes. It therefore 
seemed desirable to extend to the semicarbazones and phenylhydr- 
azones the method which we had previously employed (T., 1910, 
97, 1866) for the examination of the configuration of doubly linked 
nitrogen in‘ the case of the oximes, namely, that of investigating 
the possibility of the existence in an optically active form of 
phenylhydrazones and semicarbazones of such constitution that they 
are molecularly symmetric or asymmetric according as the three 
valencies of the doubly linked nitrogen which they contain are, 
or are not, in one plane. Our experiments on the oximino-group 
were carried out on the oxime of cyclohexanone-4-carboxylic acid 
(Perkin, T., 1904, 85, 416). In the present communication an 
account is given of the investigation from a similar point of view 
of derivatives of the hydrazone of this acid. If in the hydrazone 
of cyclohexanone-4-carboxylic acid (or its JV-substitution deriv- 
atives) the valencies of the doubly linked nitrogen lie in one plane 
the molecule possesses a plane of symmetry (Fig. 1), and the 
compound must therefore be incapable of optical activity. If, on 
the other hand, the three valencies of this nitrogen atom are not 
in one plane (Figs. 2a, 2b), then the molecule possesses neither a 
plane nor a centre of symmetry, and must therefore exist in two 
enantiomorphous forms exerting equal and opposite effects on plane 
polarised light: 
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(@) b) 

Therefore if an N-substitution derivative of the hydrazone of 
cyclohexanone-4-carboxylic acid can be obtained in an optically 
active form, the conclusion must be drawn that in that compound 
the three valencies of the nitrogen atom do not lie in one plane. 

Unfortunately, the phenylhydrazone of cyclohexanone-4-carb- 
oxylic acid could not be investigated on account of experimental 
difficulties. The action of phenylhydrazine on this acid was 
examined by Perkin (loc. cit., p. 428), and the resulting pheny]- 
hydrazone was found to be an unstable oil, readily decomposing, 
under the influence of acids, into ammonia and tetrahydrocarbazole- 
3-carboxylic acid. 

The N-substitution derivatives of the phenylhydrazone are, how- 
ever, naturally much more stable. We prepared the V-methyl and 
N-benzoyl compounds, and found them to be well defined, crystal- 
line substances. The former did not give salts of a satisfactory 
character with the common alkaloids, but the benzoylphenylhydr- 
azone was readily obtained in a dextrorotatory form by means of 
its quinine salt. The sodium salt, obtained from the quinine salt 
by decomposing it with excess of sodium hydroxide, was found, 
after the removal of the quinine, to have in the aqueous alkaline 
solution a molecular rotation of [M],, 238°6°. The optically active 
solutions of sodium or ammonium salt obtained in this manner 
showed marked autoracemisation, which, in the ammonium salt, 
proceeded in accordance with the unimolecular formula. As had 
been found to be the case with the corresponding oxime, the auto- 
racemisation was retarded by the presence of alkaline hydroxides. 
The strong alkali hydroxides, however, even in dilute solution, 
brought about at the same time some chemical alteration (probably 

* In these diagrams bonds projecting in front of the paper are represented by 
heavy lines, those behind the plane of the paper by dotted lines, 
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in the first place elimination of the benzoyl group), and in the 
presence of these the observed rate of diminution of optical activity 
did not follow the unimolecular law. On acidification of the active 
solutions complete racemisation was brought about, apparently 
instantaneously. 

Since the quinine salt contains the dextrorotatory form of the 
acid combined with the more highly levorotatory quinine, its 
solutions must show initially a small levorotation, increasing as the 
autoracemisation of the acid component of the salt proceeds, until 
it reaches the value corresponding with that of the quinine salt 
of the inactive acid. In the case of both the quinine and the 
morphine salts of the corresponding oxime it was possible to observe 
such mutarotation (loc. cit., p. 1880), but in the benzoylphenyl- 
hydrazone the change proceeds so rapidly that unfortunately it 
was invariably found to have entirely completed itself within the 
brief time necessary to prepare a solution and observe its rotation. 

On account of the rapidity of this change it was evidently hope- 
less to attempt to obtain more highly active preparations of the 
benzoylphenylhydrazone by recrystallisation of its quinine salt. 
The molecular rotation of the optically pure compound, therefore, 
could not be determined. 

These facts explain why the /-acid cannot be obtained from the 
mother liquor from which the morphine salt of the d-acid has 
crystallised. On concentration this yields nothing but the d-acid 
salt. The isolation of the dextrorotatory modification depends, 
therefore, on a process of activation, rather than of resolution, by 
morphine. A similar phenomenon was observed by Pope and 
Peachey in the case of the methylethylpropyl tin salts (P., 1900, 
16, 42, 116). 

The semicarbazone of cyclohexanone-4-carboxylic acid (Perkin, 
loc. cit., p. 427) was similarly examined, and with the aid of 
morphine we succeeded in obtaining the ammonium salt of this 
compound also in an optically active condition. After crystallising 
the morphine salt from dilute alcohol, decomposing it with 
ammonia, and removing the morphine, strongly dextrorotatory 
solutions were obtained. The values observed for the molecular 
rotation of the ammonium salt which they contained lay in most 
cases between [M], 30° and [M],, 40°. Even at temperatures in the 
neighbourhood of 0° the solutions showed rapid autoracemisation, 
proceeding strictly in accordance with the unimolecular formula. 
The autoracemisation was retarded by free alkali, but even in the 
presence of V/5-sodium hydroxide (together with a little ammonia) 
the period of half change at 1:1° was as short as 3°6 hours. On 
acidifying the solutions the optical activity immediately disap- 
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peared. There is thus a very close correspondence between the 
optically active forms of the oxime, the semicarbazone, and the 
benzoylphenyihydrazone of cyclohexanone-4-carboxylic acid with 
regard to the conditions which affect their autoracemisation. 

The effect of temperature on the rate of racemisation of the 
semicarbazone in alkaline solution was also examined. The velocity- 
constant was increased 3°49 times by a rise of temperature of 7°. 
Assuming that the constant is increased in a fixed ratio by equal 
increments of temperature, this corresponds with a quotient for 
10° of 5°96, a number greatly in excess of the usual value 2 to 3. 
Dimroth (Annalen, 1904, 385, 8) found similarly high values in 
the case of the transformation, in various solvents, of methyl 
5-hydroxy-1-phenyl-1 : 2 : 3-triazole-4-carboxylate into the correspond- 
ing neutral (diazo) compound, and, regarding the two compounds 
at that time as a pair of keto-enol desmotropes, he suggested that 
a high temperature-coefficient might be characteristic of desmo- 
tropic change. The fact that the effect of temperature is unusually 
large in the present case also indicates the possibility of a high 
temperature-coefficient being of frequent occurrence in intra- 
molecular transformations. 

The above observations prove beyond doubt that, in the form 
of their salts, the benzoylphenylhydrazone and the semicarbazone 
of cyclohexanone-4-carboxylic acid can exhibit very considerable 
optical activity. There would appear to be no reason to suppose 
that the salts differ in constitution from the acids from which they 
are derived, or that the acids themselves are constituted otherwise 
than in accordance with the general view as to the structure of the 
semicarbazones and phenylhydrazones of cyclic ketones. Since 
compounds of the type COpHCH 12 E> C-NH-NR,R, would 
almost certainly be less acidic than the corresponding hydrazones, 
it is most highly improbable that the active salts should be derived 
from tautomeric modifications of the hydrazones of this character, 
containing an asymmetric carbon atom of the ordinary type. 
The conclusion would therefore appear justified that the molecular 
asymmetry which arises when the carbonyl oxygen of the symmetri- 
cal cyclohexanonecarboxylic acid is replaced by the hydrazone 
residue is only to be explained satisfactorily by supposing that the 
configuration assumed by this residue in the resulting hydrazone 
acid is such that its distal portion, the substituted amino-group, is 
drawn into a position considerably to one side or the other of the 
plane which was previously the plane of symmetry of the keto-acid. 
These experiments accordingly very strongly support the hypothesis 
that in the hydrazones, as in the oximes, the three valencies of the 
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doubly-linked nitrogen atom do not lie in one plane, but are 
directed along the three edges of a trihedral angle. 


EXPERIMENTAL. 
cycloHexanone-4-carboxylic Acid Benzoylphenylhydrazone. 


When as-benzoylphenylhydrazine, cyclohexanone -4 - carboxylic 
acid, and acetic acid are dissolved in equimolecular proportions 
in a small amount of alcohol and the mixture is allowed to remain 
at the ordinary temperature, colourless crystals of the above 
hydrazone are slowly deposited. By recrystallisation from a large 
volume of benzene the compound is obtained in a state of purity, 
melting at 169—171°. The yield of recrystallised hydrazone 
amounts to 60—70 per cent. of the theoretical: 

0°2137 gave 0°5620 CO, and 0°1170 H,O. C=71°'74; H=6°08. 

071922 ,, 14:4 ¢.c. N, (moist) at 18° and 738 mm. N=84. 

Cx9HO3N, requires C=71°43; H=5°95; N=8°3 per cent. 
’ 0°3543 required for neutralisation 10°60 c.c. V/10-NaOH. 
Equivalent = 334. Cy9H,,0,;N,H requires 336. 


Optically Active Salts of cycloHexanone-4-carboxylic Acid 
Benzoylphenylhydrazone, 


The dextrorotatory metallic salts of cyclohexanone-4-carboxylic 
acid benzoylpkenylhydrazone were obtained by the aid of quinine. 
The benzoylphenylhydrazone (3°86 grams) and anhydrous quinine 
(3°72 grams) were dissolved in 34 c.c. of methyl alcohol; water 
was then added in quantity just short of that required to produce 
a permanent turbidity (about two volumes were necessary), and 
the solution inoculated with a few crystals of the quinine salt from 
a previous preparation. 

The /-quinine-d-acid salt was slowly deposited in the form of 
small clusters of silky needles. It was recrystallised from dilute 
methyl alcohol. The air-dried salt melts at 139—141°, and contains 
one molecule of water of crystallisation : 

0°3615 lost 0°0095 H,O. H,O=2°63. 

Cop H pO 3No,CopH,0,N>,H,O requires H,O=2°65 per cent. 

The salt after drying for three hours at 90—100° gave the follow- 
ing results on analysis: 

0°2511 gave 0°6688 CO, and 0°1547 H,O. C=72°64; H=6°84. 

0°3078 ,, 22°26 c.c. N, (moist) at 14°9° and 771 mm. N=8'57. 

Cop HapO3No,CopH.,O,N, requires C=72°72; H=6°73; 
N=8'57 per cent. 
In order to obtain the dextrorotatory sodium salt a weighed 
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quantity of the quinine salt was triturated with such a quantity 
of sodium hydroxide in aqueous solution that the final solution 
would be fifth-normal with respect to the excess of sodium hydr- 
oxide. The separated quinine was washed with a little water, the 
filtrate and washings were extracted three times with chloroform, 
made up to the required volume and polarimetrically examined, all 
operations being conducted at the temperature of melting ice; for 
example, 1°2 grams of quinine salt haying been treated in this 
manner with 0°197 gram of sodium hydroxide, the following polari- 
metric observation was made, the volume of the solution being 


15°5 e.c.: 
l=2, C*=7°74, a, =5°44°, [M], = 238°6°. 


The Autoracemisation Phenomena. (a) Ammonium Salt in 
Presence of N/10-Ammonium Hydroxide. 


The solution of dextrorotatory ammonium salt was prepared in 
a manner similar to that described above for the potassium salt, 
10 gram of quinine-d-acid salt being employed, together with a suffi- 
cient excess of ammonia to leave the solution approximately deci- 
normal with respect to ammonium hydroxide after decomposition 
of the quinine salt. The volume of the solution was 12°1 c.c., the 
temperature maintained at 19°9°, and the polarimetric observations 
made in a 2-dem. tube: 


¢ (mins. ). Rotation. 1/tlog.a/a — x. 
0-0 2-71° ane 
5°08 2°22 0°0170 
10°47 1°79 0°0171 
22 43 1°15 0°0166 
0°17 0°85 0°0167 
40°42 0°55 0°0171 
49°03 0°40 00169 


(b) Potassium Salt in Presence of N/20-Potassium Hydroxide. 


One gram of quinine-d-acid salt was treated with 10°58 c.c. of a 
N /5-solution of potassium hydroxide. The volume of the solution 
was made up after removal of the quinine to 12 c.c., the tempera- 
ture was maintained at 19°7°, and the observations were made in 
a 2-dem. tube: 


¢ (mins. ). Rotation. 1/tlog.a/a- x. 
00 593° — 
4°54 5°49 0°00737 
10°01 5°16 0°00604 
21°24 4°65 0:00596 
30°03 4°27 0.00475 
49°03 3°49 0°00469 


* This refers to the ammonium salt. 
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These tables show first, that in the presence of V/10-ammonium 
hydroxide solution racemisation proceeds rapidly, and in accord- 
ance with the unimolecular formula, and secondly, that the substi- 
tution of potassium hydroxide for ammonium hydroxide greatly 
retards the racemisation (the initial rate is about twenty-six times 
less in the latter case). That in the presence of potassium hydr- 
oxide the rate of diminution of optical activity as the racemisation 
proceeds shows marked deviation from that to be expected in a 
simple unimolecular reaction is not surprising, for towards the end 
of the forty-eight hours during which the solutions were under 
observation they became turbid and discoloured, indicating that 
secondary changes were taking place. As it was also found by 
titration that the quantity of free potassium hydroxide had greatly 
diminished, it is probable that elimination of the benzoyl group 
was taking place, followed by decomposition of the resulting unstable 


phenylhydrazone. 


cycloHexanone-4-carboxylic Acid Phenylmethylhydrazone. 


A solution of as-phenylmethylhydrazine (2°3 grams) in 50 per 
cent. acetic acid (20 c.c.) was added to a solution of cyclohexanone- 
4-carboxylic acid (2°6 grams) in water (60 c.c.). As the hydrazone 
otherwise tends to separate as an oil, a few crystalline nuclei from 
a previous preparation were added. After half an hour the crystal- 
line deposit was collected, dried, and recrystallised from ethyl 
acetate. The phenylmethylhydrazone is a colourless compound, 
melting and decomposing at 138—139°. Its solutions become red 
on keeping: 

0°2026 gave 0°5103 CO, and 0°1327 H,O. C=68°7; H=7°3. 

0°2551 ,, 25°6 c.c. Ny at 21° and 759 mm. N=11°4. 

C,,H,,0.N, requires C=68°2; H=7°3; N=11°4 per cent. 


Optically Active Salts of the Semicarbazone of cycloH exanone- 
4-carborylic Acid. 


The semicarbazone of cyclohexanone-4-carboxylic acid, prepared 
as described by Perkin (Joc. cit., p. 427), was obtained in the form 
of its alkaline salts in a dextrorotatory modification with the aid 
of morphine. 

The semicarbazone (2°7 grams), dissolved in a hot mixture of 
methyl alcohol (60 c.c.) and water (16 c.c.), was added to a hot 
solution of morphine (4°13 grams) in methyl alcohol (30 cc.). The 
morphine salt separated on cooling, usually in well-formed prisms, 
which contained no water of crystallisation. In order to obtain 
the dextrorotatory ammonium salt, the very finely-powdered 
morphine salt was triturated at 0° with so much ice-cold aqueous 
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ammonia that the excess of ammonia, after dilution of the solution 
to the required volume, would be of decinormal strength. The 
precipitated morphine was removed by filtration, washed with a 
little ice-water, and the filtrate and washings polarimetrically 
examined in a tube round which ice-cooled water was circulated. 
The amount of morphine left in the solution was found to be so 
minute and was so readily allowed for by observing the slight 
levorotation which appeared when the autoracemisation was com- 
plete, that it seemed inadvisable to attempt to remove it. The 
ammonium salt obtained in this manner from 1 gram of morphine 
salt was examined polarimetrically with the following result : 
[=2, C=3°258, a,p=1°17°, [M], =38°8°. 

The solutions of ammonium salt obtained from different prepara- 

tions of morphine salt showed the following molecular rotation: 
[M]> 37 8° 37°1° 32°5° 27°9° 32°5° 


The Autoracemisation of the Optically Active Salts of the 
Semicarbazone. 


(1) Ammonium Salt in Presence of N/10-Ammomum Hydr- 
oxide.—Morphine salt (1 gram) was triturated with an aqueous 
solution of ammonia (0°0584 gram), and, after removal of the 
precipitated morphine, the filtrate and washings were made up to 
13°7 c.c. The observations were made in a 2-dem. tube maintained 
at 2°3°: 


é (mins. ). Rotation. 1/tlog.a/(a - x). 

0°0 is — 

4°42 1°07 0°0071 
13°4 0°89 0:0083 
28°4 0°69 0°0078 
35'8 0 60 0°0079 
46°3 0°48 0°0082 
55:1 0°41 0°0082 
65°7 0°35 0:0079 
80°2 0°25 0°0082 


(2) Ammonium Salt and Ammonium Hydroxide (N/10) with 
the Addition of Sodium Hydroxide (N/10).—The solution (11 c.c.) 
was prepared from 2°43 grams of morphine salt. The observations 
were made in a 2-dem. tube maintained at 1°9°: 


t (mins. ) Rotation. 1/tlog.a/(a - 2x). 
0°0 2°43° —_— 
9°5 2°16 0°0054 
13:1 1°95 00053 
27°2 1°75 00052 
40°1 1°52 0°0051 
63°0 1°15 0°0052 
105°7 0°70 0°0051 
1521 0°41 00051 


(3) Ammonium Salt and Ammonium Hydroxide (N/10) with 
the addition of Sodiwm Hydroxide (N/5) at 1:1°.—The solution 
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(12 ¢.c.) was prepared from 2°5 grams of morphine salt. The 
observations were made in a 2-dem. tube: 


t (mins.) Rotation. 1/tlog.a(a—- 2). 
0°0 2°80° — 

15°8 2°67 0°00131 

25°2 2°58 0 00141 

54°6 2°35 0°00139 
115°8 1°94 ; 0°001388 
234°0 1°32 0°00139 
337°3 0°94 0°00141 
453°6 0°65 0°00139 
582°7 0°445 0°00137 


(4) Ammonium Salt and Ammonium Hydroxide (N/10) with the 
addition of Sodium Hydroxide (N/5) at 8°1°.—The solution was 
prepared as in experiment (3), but the observation tube was main- 
tained at a higher temperature : 


¢ (mins. ) Rotation. 1/ilog.a(a— 7). 
0°0 2°42° -—- 
9°6 216 0 0051 
24°0 1°85 0°0048 
48°] 1°44 0°0047 
&4°7 0°92 0°0049 
118 4 0°66 0:0048 
155°6 0°43 0°0048 


The first three tables show clearly the effect of an increase in 
the hydroxyl-ion concentration (or diminution in the hydrogen-ion 
concentration) on the stability of the optical activity, the diminish- 
ing values of the constant in the three cases, 0°0081, 0°0052, and 
0°00139, corresponding with increasing periods of half racemisation 
of 37 mins., 58 mins., and 217 mins. 

Comparison of the third and fourth tables shows the effect of 
temperatures on the rate of autoracemisation. A rise of tempera- 
ture from 1°1° to 8°1° was associated with an increase in the 
velocity constant from 0°00139 to 0°00485, that is to say, the 
constant was increased 3°49 times by a rise of 7°. 

Acidification produces an instantaneous disappearance of the 
optical activity. In illustration of this the following experiment 
may be quoted. An alkaline ice-cold dextrorotatory solution was 
acidified by addition of 1 c.c. of N-hydrochloric acid; 1 c.c. of 
N-sodium hydroxide solution was then added as rapidly as possible. 
On polarimetric examination the resulting alkaline solution was 
found to be quite inactive. 


The authors desire to express their thanks to the Chemical 
Society for a grant in aid of this work. 
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CONSTITUTION OF THE METHYL PENTOSES. PART I. 73 


X.—A Contribution to the Study of the Constitution 
of the Methyl Pentoses. Part I. Synthesis 
of an i-Methyl Tetrose and an i-Methyl Tetritol. 

By Rosert GiLMour. 


Tue exact constitution of the known members of the methyl pentose 
series has not been fully established as-yet, except in the cases of 
rhamnose and isorhamnose, the configurations of which have 
recently been determined by Fischer (Zer., 1912, 45, 3761). In the 
remaining members a doubt exists as to the position of the 
hydroxyl group contiguous to the methyl group. It seemed, there- 
fore, of some importance to attempt the synthesis of active methyl 
tetroses of known constitution from which methyl pentoses might 
be prepared. The importance of the subject seemed enhanced by 
the fact that the active methyl tetroses might be made to serve 
as standards with which the degradation products of the naturally 
occurring methyl pentoses could be compared, and thus enable their 
exact configuration to be determined. 

The most suitable starting material appeared to be the dihydroxy- 
valerolactone, which Thiele obtained by oxidising Ac-angelicalactone 
with potassium permanganate (Annalen, 1902, 319, 194) and con- 
sidered to possess the structure: 


Oo- - 
OH,-CH-CH(OH):CH(OH)-Co, 

On reducing this compound with sodium amalgam in the usual 
way a solution was obtained which contained an amount of reducing 
sugar equivalent to 6 per cent. of the lactone used, and as the 
result of some twenty experiments this was found to be the 
maximum yield of sugar in any one reduction. 

A series of quantitative experiments was carried out with the 
object of tracing the exact course of the reduction. In each case 
the unaltered lactone was separated from the syrupy reduction 
product and weighed, and the amount of sugar present in the reduc- 
tion product was estimated by titration with Fehling’s solution. 

The results of three experiments were as follows: 


Total 


Lactone Sodium Lactone reduction Per cent. 
used, amalgam, recovered, product, Sugar, of 

grams, grams. grams, grams. grams. lactone. 
(1) 28 250 16°5 10 containing 16 = 57 
(2) 16°5 160 11°0 4°8 ra 10 = 6°0 
(3) 11:0 200 57 4°5 * 07 = 63 


It will be seen that the percentage of sugar formed remains 
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constant. This pointed to the fact that the reduction was proceed- 
ing too far, and that the sugar-alcohol was being formed from the 
sugar almost as quickly as the latter from the lactone, and this 
was found to be the case as the product proved to be mainly sugar- 
alcohol. ; 

From the reduction product an osazone was isolated which proved 
to be a methyl tetrosazone melting at 140—142°. Similarly, by 
treatment with phenylbenzylhydrazine in alcoholic solution a methyl 
tetrosephenylbenzylhydrazone melting at 99—100° was obtained. 

From the aqueous solution from the preparation of the hydrazone 
a methyl tetritol was isolated as a yellow syrup. On benzoylating 
the latter a tetrabenzoylmethyltetritol melting at 136—137° was 
obtained. 

The methyl tetrose was obtained in the free state by decomposing 
the phenylbenzylhydrazone with formaldehyde. It proved to be a 
pale yellow, strongly reducing syrup. As the yield of pure sugar 
was very small, amounting to only 3 per cent. of the lactone 
used, an attempt was made to obtain an additional quantity of it 
by oxidising the methyl tetritol with Fenton’s reagent. In this 
way a small amount of the sugar was isolated as its phenylbenzyl- 
hydrazone. The yield was, however, very poor. 

Dimethoxyvalerolactone has also been obtained by methylating 
dihydroxyvalerolactone. It melts at 59—60°. An attempt was 
made to reduce the methylated lactone, but without success. 

The constitution of the methyl tetrose described has not been 
established yet, but it must be represented by either formula (I) 
or (II), according to the positions assumed by the hydroxyl groups 
during the oxidation of Ac-angelicalactone. 


CHO CHO 
H-¢-0H OH:0-H 
H-C-OH OH:C-H 

OH-C-H OH-C-H 

CH, CH, 


(I.) (II.) 


A study of the methyl tetronic acids obtainable from methyl 
glycerose is being undertaken with a view to settle the question of 
the constitution of the tetrose described. 


EXPERIMENTAL. 


A8-A ngelicalactone. 


The method followed in the preparation of this compound was 
that due to Thiele (loc. cit.). As, however, the preparation was 
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on a very much larger scale, and differed in one or two particulars, 
it may with advantage be described. 

Two hundred and fifty grams of commercial levulic acid were 
added to 300 grams of acetic anhydride, and the mixture was heated 
to 100° during six hours. The product was then distilled under a 
pressure of 300 mm., and the distillate collected in four approxi- 
mately equal fractions. The first fraction consisted entirely of 
acetic acid, the others of acetic acid with increasing amounts of 
AB-angelicalactone. Each fraction as it distilled over was immedi- 
ately neutralised with sodium carbonate, and the oily layer 
extracted with ether. (Thiele recommends fractionation of the 
distillate at a low pressure as the best means of removing the acetic 
acid, but in this case a quantity of acetyl-levulic acid is invariably 
formed, which materially decreases the yield of AS-angelicalactone. 
Indeed, if the acid distillates are allowed to remain for any time 
without neutralising, reversion to acetyl-levulic acid takes place to 
a large extent.) The combined ethereal extracts were dried, the 
ether distilled off, and the lactone fractionated under 15 mm. pres- 
sure. It distilled almost completely between 64° and 70°/15 mm., 
and consisted of approximately pure AS-angelicalactone. 

In all, 2 kilograms of levulic acid were worked up, and a total 
yield of 1100 grams (70 per cent. of the theoretical) of AS-angelica- 
lactone was obtained. 


Conversion of AB- into Ae-A ngelicalactone. 


Thiele’s method was employed (loc. cit.). From 1100 grams of 
the As-lactone 835 grams of Ac-angelicalactone were obtained in a 
pure condition. 


Oxidation of Ac-A ngelicalactone, 


The method employed was essentially that of Thiele (Joc. cit.). 

In all, 820 grams of Ac-angelicalactone were oxidised; the total 
yield of crude material being 170 grams, from which, on crystallis- 
ing from ethyl acetate, 160 grams of the pure product melting at 
100° were obtained. This amounts to about 17 per cent. of the 
theoretical yield. 


Reduction of aB-Dihydroxyvalerolactone, 


Ten grams of the lactone were dissolved in 100 c.c. of water, and 
the solution was acidified with 20 per cent. sulphuric acid. The 
solution was then cooled to —5°, and 100 grams of 24 per cent. 
sodium amalgam were added in five portions, with continual vigor- 
ous shaking, and addition from time to time of 20 per cent. 
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sulphuric acid in portions of 2 c.c. (5 c.c. for each of the first four 
20 gram-portions of amalgam and 3 c.c. for the last portion). 

The solution was rendered faintly acid to Congo-red paper, and 
tested with Fehling’s solution. One volume was found to reduce 
two volumes of the solution. 

The aqueous solution was now concentrated as far as possible 
on the water-bath. The residue was extracted several times with 
hot alcohol, and the extract filtered from sodium sulphate and 
concentrated to a syrup on the water-bath. The syrup was found 
to have only a slight reducing action on Fehling’s solution. How- 
ever, after boiling with dilute hydrochloric acid, a vigorous reduc- 
tion was obtained, which justifies the conclusion that a compound 
of the nature of an acetal or alcoholate had been formed during 
the extraction with alcohol. The syrup (9°5 grams) crystallised 
almost completely on nucleating with the lactone. The process was 
then repeated on the product, the sugar formed being protected 
from further reduction by the fact that it had been converted 
into an alcoholate or acetal, or possibly glucoside. The second, 
third, and fourth reductions were carried out with 55 grams of 
sodium amalgam, and the fifth with 50 grams of amalgam. The 
syrupy product now weighed 7 grams, and showed no signs of 
crystallisation on nucleation with the lactone, and very little action 
on Fehling’s solution. On titration with baryta it was found still 
to contain about 5 per cent. of unaltered lactone. 


Hydrolysis of the Methyl Tetrose (Acetal)% 
The syrup (7 grams) was boiled with 60 c.c. of 5 per cent. hydro- 


chloric acid for half an hour. The acid was removed with barium 
carbonate, and the filtrate decolorised with animal charcoal, and 
concentrated in a vacuum at 45° to dryness. The residue was 
extracted three times with boiling alcohol, and the extract concen- 
trated in a vacuum at 35° to a syrup. The product was a yellow 


syrup, and weighed 5 grams. 
0116 Gram of the syrup reduced 2 c.c. of standard Fehling’s 


solution, which gives 10 per cent. as the sugar content of the 
syrup (calculated as dextrose). 


Methyl Tetrosazone. 


Two grams of the syrup prepared as above were mixed with 
1 gram of phenylhydrazine, 1 c.c. of 50 per cent. acetic acid, and 
2 cc. of water. The mixture was heated on the water-bath for 
an hour, when the osazone separated as a black oil. After some 
hours the mother liquor was poured off, and the oil dissolved in 
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alcohol. About twenty volumes of water were added to the alcoholic 
solution, which was then allowed to remain overnight. The osazone 
separated as a flocculent, yellow precipitate, which was collected, 
dissolved in alcohol, and again precipitated with water. The 
compound was then collected and dried in a vacuum, the yield 
being 0°2 gram. 

The analytical figures obtained showed that it was still impure; 
consequently it was still further purified by dissolving the remainder 
(O°l gram) in a very small quantity of a mixture of alcohol and 
ether, to which 100 c.c. of light petroleum were then added. After 
remaining for some time with occasional stirring the osazone 
separated suddenly as a pale yellow, microcrystalline precipitate. 
It was collected, washed with light petroleum, and dried in a 
vacuum. The compound forms yellow, microcrystalline needles, 
very sparingly soluble in water or ether, but readily so in alcohol, 
and melts at 140—142°: 


0°0682 gave 0°1652 CO, and 0°0408 H,O. C=66°05; H=6°69. 
C,,H0.N, requires C=65°38; H=6°41 per cent. 

As the yields of sugar by this method were still far from satis- 
factory a further variation of the method of reduction was adopted, 
which obviated any risk of the methyl tetrose alcoholate or acetal 
being further reduced by the action of sodium amalgam in acid 
solution. 

Twenty-eight grams of dihydroxyvalerolactone were dissolved in 
270 c.c. of water, acidified with 20 per cent. sulphuric acid, and 
reduced with 250 grams of 2} per cent. sodium amalgam in five 
portions, exactly as in the experiment previously described. (One 
volume of the resulting solution reduced one volume of Fehling’s 
solution. Volume of solution=340 c.c., therefore sugar in solu- 
tion=1°6 grams, or 5°7 per cent. of lactone used.) 

The solution was worked up as usual. and the product separated 
from sodium sulphate by extraction with alcohol. The solvent was 
removed at 35°/15 mm. The product was a crystalline mass of 
unchanged lactone mixed with syrupy material, which was quite 
insoluble in ether. The material was treated with a mixture of 
ethyl acetate and ethyl alcohol (3:1), which dissolved the syrup, 
but very little of the crystalline lactone. After removing the latter, 
the filtrate was again concentrated, and the process repeated three 
times. In this way the lactone was almost completely separated, 
the total amount recovered being 16°5 grams. The filtrate was 
concentrated, and the residual syrup was dried in a vacuum. It 
weighed 10 grams. 

A second reduction was carried out on the 16°5 grams of recovered 
lactone. One hundred and sixty grams of amalgam were used, and 
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the solution obtained reduced 1°1 volumes of Fehling’s solution. 
(Solution=190 c.c., therefore sugar=l1 gram=6 per cent. of 
lactone.) 

On working up, 11 grams of lactone were recovered, and the 
syrup remaining weighed 4°8 grams. 

The 11 grams of recovered lactone were treated as before with 
200 grams of amalgam. (Sugar formed=0°7 gram=6°3 per cent. 
of lactone.) Lactone recovered=5°7 grams; syrup recovered =4°5 
grams. 

The combined syrups (19 grams) were hydrolysed as usual with 
5 per cent. hydrochloric acid, and the product, which weighed 
15 grams, was found to contain 2°5 grams of sugar (estimated as 
dextrose). 

Seventy grams of dihydroxyvalerolactone were worked up in a 
similar manner, and the resulting 50 grams of syrup hydrolysed. 


Methyl Tetrosephenylbenzylhydrazone. 


The combined syrups from reduction experiments (60 grams) 
were dissolved in 200 c.c. of absolute alcohol, and 10 grams: of 
phenylbenzylhydrazine were added. After heating on the water- 
bath for twenty minutes water was added, which precipitated the 
hydrazone as a brown oil. This was dissolved in benzene, and on 
allowing the benzene to evaporate spontaneously the hydrazone 
remained as a sticky, brown, crystalline mass. It was washed 
several times with cold benzene, and recrystallised from a large 
amount of boiling water, the yield being 6°5 grams. The compound 
forms fine, colourless needles, is readily soluble in benzene, ether, 
or alcohol, but only very sparingly so in cold water, and melts at 
99—100°: 

0°1199 gave 0°3012 CO, and 0°0746 H,O. C=68°51; H=6°95. 

071838 ,, 145 cc. Ny at 17° and 748 mm. N=9°10. 

C,,H»03,N, requires C=68°78; H=7'00; N=8°91 per cent. 


Methyl Tetritol. 


The aqueous solution from the above hydrazone preparation was 
extracted thoroughly with ether in order to remove any excess of 
phenylbenzylhydrazine or hydrazone, and concentrated at 55°/ 
33 mm. to a syrup. Alcohol was added, and some barium chloride 
which was precipitated was removed. The filtrate was then concen- 
trated, and the residue dried over sulphuric acid in a vacuum; the 
yield was 40 grams. 

Methyl tetritol so obtained forms a yellow syrup, which does not 
reduce Fehling’s solution. It is readily soluble in water or alcohol, 
but insoluble in ethyl acetate or ether. It was not in a sufficiently 
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pure state for analysis, but was identified by the formation of its 
tetrabenzoyl derivative. 


Tetrabenzoylmethylietritol. 


Two grams of the syrup were mixed with 14 grams (7 mols.) of 
benzoyl chloride and 100 c.c. of 2N-sodium carbonate solution. The 
reaction was carried out in the usual manner, and the gummy, 
caoutchouc-like product was washed with sodium carbonate and 
water, and dissolved in ether. The ethereal solution, after being 
dried, was allowed to evaporate spontaneously. A sticky, crystalline 
mass was obtained, which was rubbed with alcohol until quite 
crisp, collected, and recrystallised twice from absolute ethyl alcohol. 
Tetrabenzoylmethyltetritol crystallises in hard, colourless, prismatic 
needles, which are readily soluble in ether, moderately so in boiling 
absolute ethyl alcohol, but very sparingly so in the cold, and 
insoluble in water. It melts at 136—137°: 

0°1560 gave 0°4094 CO, and 0°0736 H,O. C=71°60; H=5:27. 

Cy3H Og requires C=71°73; H=5°07 per cent. 


Methyl Tetrose. 


4-5 Grams of the phenylbenzylhydrazone were heated on the 
water-bath with 10 c.c. of 40 per cent. formaldehyde in about 
80 c.c. of water. After two hours’ heating the formaldehydephenyl- 
benzylhydrazone which had separated was removed by extraction 
with ether. The aqueous solution was then concentrated at 35°/ 
30 mm. to a syrup, water was added, and the solution again concen- 
trated, the process being continued until no odour of formaldehyde 
could be detected in the product. The tetrose was obtained as a 
viscid, pale yellow syrup, which could not be crystallised; the yield 
was 1 gram. The substance is readily soluble in water or absolute 
alcohol, and reduces Fehling’s solution vigorously. 

After drying at 60°/50 mm. for several hours the substance was 
analysed : 

0°1405 gave 0°2301 CO, and 0°0932 H,O. C=44°65; H=7°42. 

C;H,,0, requires C=44'77; H=7°46 per cent. 


Oxidation of Methyl Tetritol. 


Ten grams of the methy] tetritol were dissolved in 60 c.c. of water, 
and a solution of 2°5 grams of ferrous sulphate in a few c.c. of 
water was added. Sixty c.c. of hydrogen peroxide (3 per cent.) 
were then added slowly. The temperature of the mixture rose to 
about 40°. After some hours the solution was shaken with barium 
carbonate, filtered, and concentrated in a vacuum to a syrup. 

The product was treated with 2°5 grams of phenylbenzyl- 
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hydrazine in the manner previously described, and the hydrazone 
separated by extraction with benzene. A red syrup was obtained, 
which partly crystallised. After washing the crystalline matter 
with benzene, and recrystallising from hot water, the phenylbenzyl- 
hydrazone of the methyl tetrose was obtained, and identified by its 
melting point, 99—100°. The yield was, however, very small. 


aB-Dimethoxyvalerolactone. 


Two grams of dihydroxyvalerolactone (1 mol.) were dissolved in 
8°6 grams of methyl iodide (4 mols.). To the solution 7 grams of 
dry silver oxide (2 mols.) were added, and the mixture was heated 
on the water-bath for five hours. Ether was then added, and the 
silver residues were removed. On evaporation of the ether the 
product crystallised at once. After recrystallising from a mixture 
of acetone and ether it was obtained pure. It crystallises in hard, 
colourless prisms, which melt at 59—60°: 

0°1982 gave 0°3792 CO, and 0°1312 H,O. C=52°22; H=7°40. 

C,H,,0, requires C=52°50; H=7°05 per cent. 

An attempt was made to reduce the methylated lactone in the 
usual way, but the resulting solution had no action on Fehling’s 
solution, so evidently no reduction takes place. The solution was 
neutralised with sodium carbonate, evaporated to dryness, and the 
residue extracted with alcohol. The alcoholic extract on evapora- 
tion left a residue of sodium y-hydroxy-aB-dimethozyvaleric acid: 

0°0774 gave 0°0278 Na,SO,. Na=11°62. 

C,H,,0;Na requires Na=11°50 per cent. 


Brucine Salt of Methyl Tetronie Acid. 


Attempts were made to effect a resolution of the dihydroxy- 
valerolactone by means of brucine. The brucine salts of the d- and 
l-forms of the acid unfortunately form a partially racemic com- 
pound, which cannot be resolved by crystallisation, and has the 
constant specific rotatory power [a]> — 29°6°. 

Proof that the salt is composed of one molecule of the d-salt 
and one molecule of the /-salt is afforded by the fact that the 
rotation of the solution obtained by boiling a solution containing 
one equivalent of lactone and one equivalent of brucine, is almost 
exactly the same, namely, [a] —29°2°. 

The salt crystallises in fine needles, which are very soluble in 
water, but ouly sparingly so in absolute alcohol, even at the 
boiling point. It melts at 180—-181°: 

0°2335 gave 0°5256 CO, and 0°1374 H,O. C=61°41; H=6'58. 

C;H90;,Co3H2g0,N, requires C=61°76; H=6°61 per cent. 


ee 
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XI.— The Rotatory Dispersive Power of Organic 
Compounds. Part IV. Magnetic Rotation and 
Dispersion in Some Simple Organic Liquids. 

By Tuomas Martin Lowry. 


In Perkin’s classical experiments “On the Magnetic Rotatory 
Polarisation of Compounds in Relation to their Chemical Constitu- 
tion” (T., 1884, 45, 421) and “On Magnetic Rotatory Power, 
especially of Aromatic Compounds” (T., 1896, 69, 1025) nearly 
all the measurements were made with sodium light. A few experi- 
ments were made with thallium and lithium, but, for the most 
part, attention was concentrated on an incessant comparison of the 
rotation produced by the substance with that produced in light 
of the same colour by an equal column of water. In many cases 
ten or twelve independent values were obtained for the molecular 
rotation in a given compound, with the result that, although the 
angular deflexion of the plane of polarisation was only about 10°, 
Perkin was able to record, in one series of fatty compounds after 
another, a difference between observed and calculated values 
amounting on the average to less than 1 part in 1000, or barely 
001° on the angular readings. 

The experiments now described were undertaken with the object 
of determining the extent to which the magnetic rotatory power 
of the simpler organic compounds is influenced by varying the 
wave-length of the light. The comparison of the actual magnitude 
of the rotations with those produced in an equal column of water 
was merely incidental to the main object of the research, and no 
attempt was made to cover a second time the ground which had 
been so effectively cultivated by Perkin. Attention was directed 
instead, first, to a careful investigation of the form of the curve 
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of rotatory dispersion (Part II); secondly, to the measurement of 
the dispersion-ratios for a large number of simple organic liquids 
(Part IV); and thirdly, to a comparison of the natural and 
magnetic rotatory dispersions in a series of optically active liquids 
(see the following paper, Part V, of the series). 

The observations now described were spread over a period of 
about six years, and include a number of the early pioneering 
experiments. The “water-ratios” (Perkin’s “specific rotations’) 
for green mercury light were recorded in every case to 1 part in 
1000, but certain small inequalities in the experimental conditions 
were discovered, which rendered the last figure in these ratios some- 
what. uncertain. When, therefore, it was discovered, almost at the 
close of the investigation, 

(a) that the variation of magnetic rotatory power with wave- 
length could be expressed by an equation, a=k/(A*—A,”), involving 
only two arbitrary constants, and consequently 

(b) that the rotation and dispersion effects could be separated 
both easily and completely, 
it was evident that more trustworthy values for the “absolute 
molecular rotations”’ could be obtained by taking, as a basis for 
the comparison with water, Perkin’s readings for yellow sodium 
light rather than the new readings for green mercury light. In the 
present paper, therefore, a series of “ absolute molecular rotations ” 
has been worked out to three places of decimals from Perkin’s 
“ water-ratios” and the new “dispersion constants’”’; correspond- 
ing values derived from the new “water-ratios’’ for mercury light 
are given as approximations to two decimals only. 


Rotatory Dispersion in Homologous Series. 


One of the most striking results of the present investigation has 
been to show the remarkable constancy of the magnetic rotatory 
dispersion in homologous series, when once the earlier homologues 
have been passed; thus, selecting figures from the general tables, 
we find the following series of steady values: 


Dispersion- Dispersive 

ratio, power, 

04359/C5461- 100A,?. 
OIE cncstcnedsccesesse.«- CO, to C, 1°635 1°95 
Three primary alcohols ......... C, to C, 1°636 1°98 
Nine methyl-alky]-carbinols... C, to Cj. 1°637 2°01 
Five ethyl pa te sata C, to CO), 1°632 1°87 
Six isopropyl _,, ile Cy to Cj, 1°635 1°95 
Four methyl ,, ketones ... C, to Cg 1°639 2°07 
Four isopropyl ,, a ee C, to Cy, 1°6354 1°96 
Six fatty acids...... hasnadahibae C, to C; 1°634 1°93 
Seven esters ...... gibtibindcsinss C, to C; 1°631 1°84 


The averages for 44 substances are ......++. 1°635 1°95 
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The main result of these experiments is to show the remarkable 
steadiness of the rotatory dispersion in a large number of simple 
compounds of the fatty series, the extreme range in the dispersion- 
ratio for forty-four compounds being only from 1°630 to 1°640. 
This uniformity extends even to such complex compounds as ethyl 
tartrate and methyl camphorcarboxylate, which give the normal 
dispersion ratio 1°631 of the fatty esters. Again, glycol, 1°635, and 
glycerol, 1°634, conform closely to the general average of the mono- 
hydric alcohols, no increase of dispersion being produced by the 
accumulation of hydroxyl groups, The presence of a double bond 
in allyl alcohol, however, at once raises the dispersion-ratio to 1°672, 
and still larger dispersions are produced in compounds containing 
an aromatic nucleus. There can be no doubt that this uniformity 
of dispersive power was an important factor in determining the 
simple algebraic relationships which Perkin detected in the magnetic 
rotatory power of homologous series of fatty compounds. 

Greater caution is needed in calling attention to a number of 
small deviations from the average which are observed in the disper- 
sive power of certain series of compounds or of certain individuals 
in the same series. The deviations in the individual values of the 
dispersion-ratios in a series rarely exceed +0°002; the average 
value for a series is probably correct within +0°001. The figures 
tabulated on p. 82 indicate, therefore, that there are real, although 
very small, differences of rotatory dispersive power in different 
series of compounds, the methylalkylcarbinols being a little more 
dispersive and the esters a little less dispersive than the average. 

The existence of these small differences is confirmed by the fact 
that parallel variations are noticed in the dispersion-ratios of the 
secondary alcohols and of the corresponding ketones, thus: 


Methyl-alky}-carbinols ...... 1°637 Methyl alkyl ketoues ........... 1°639 
Ethy! Ws ee See 1°633 Ethy] and propylalkyl ketones 1°632 
isoPropyl ,, ae 1°635 isoPiopyl alkyl ketones......... 1 6353 


The lower values for the ethyl series and the tendency for the 
isopropyl compounds to approximate to the higher values for the 
methyl! series, which are common to both carbinols and ketones, 

' can scarcely be explained away as due to unsuspected experimental 
errors. Again, the acids, with an average dispersion-ratio 1°634, 
must be regarded as more dispersive than the esters, which give a 
steady dispersion-ratio 1°631. 

Further confirmation of these small differences of dispersive power 
is afforded by the fact that they are associated with analogous 
differences of rotatory power; thus the magnetic rotations in the 
ethyl-carbinols are slightly lower than in the isomeric carbinols of 
the methyl and isopropyl series. Perkin also has shown that higher 
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values are obtained for the magnetic rotatory power of the acids 
than of the isomeric esters of the same series. 

Analogous deviations from the average are observed on compar- 
ing the dispersion ratios of the lowest homologues with those of the 
higher members of the same series. As a general rule the lowest 
members show an abnormally high dispersive power; thus, on 
comparing whole series of lower homologues with series of higher 
homologues, we have: 


EEN. Wiktidndvetdssavanarecsenes AEE. siscssicdssisses 1 634 
NN ids Sticescnsddatasctane B°CO,CH,, ete. ..... 1°631 
Methylalkylcarbinols sateivbie R°CH(OH)°CH,g ...... 1°637 
Dia'kylcarbinols ..,............ RK*CH(OH)*C.H;, exe. 1634 
{Baie alkyl ketones ......... [yt a: ee : 1°639 
Dialkyl ketones ............... R°CO'C.H,, etc. ....0. 1°632 
f Methyl formate ............... H°CO,"CH, . 1°637 
ie UU tlaxenetitcencnscac CH, “CO,"CH,, ete. ... 1°63] 


Amongst the primary alcohols the high value for the dispersion- 
ratio of water is followed by low values for the next homologues, 
thus: 


Molecular rotation. 


Dispersion- c i 
ratio. Observed. Calculated. 
1°645 1°000 0°699 
1°629 1°640 1°722 
1°631 2°780 2°745 
3H, 1°634 3'768 3°768 
C,H,°OH, ete. ... 1°636 0°699 + 1°023n 


These low values are not so pronounced as in the very early 
observations quoted in Part II, p. 1072, but they have been checked 
repeatedly, and there can be no doubt as to their real existence. 
They are confirmed by Perkin’s observation (which is corroborated 
by the new measurements now recorded) that whilst the 
molecular rotations from propyl alcohol upwards form a regular 
arithmetical progression, the first three homologues show the 
marked abnormality which appears in the third column of the 
preceding table. In particular it may be noticed that both the 
molecular rotation and the rotatory dispersion are abnormally high 
in the case of water, and abnormally low in the case of methyl 
alcohol; the rotation and dispersion in ethyl alcohol are only 
slightly abnormal, but in opposite directions. 

Branching the chain of carbon atoms, which Perkin found to 
increase the magnetic rotatory power of many series of compounds, 
may sometimes produce an increase of rotatory dispersion. But to 
this rule there are very many exceptions; thus we have: 
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Dispersion-ratios. 


SO I iiss sisescnccenecesascrsss 1°637 
(ésoButyl alcohol ..................... 1°635 
Butyric acid ............068 peeatdcoane 1°634 
srt tay eae, Tene 1°633 
Nine methyl-alkyl-carbinols ...... 1°637 
Six isoPropyl ,, glare 1°635 


The following series are, however, instructive: 


Dispersion-ratios, 


fog BOOKA ..4. ...csccsees Jt): ee 1°629 
Ethyl i © ceshahoes CH,Me‘OH......... ea 1°631 
[Pome ye Se enctaaisnnnlinn es ae 1°634 
tert.-Buty] ,,  .cccc...000... CMC POE  ncccseccs ces 1°645 
{ Acetone Sides idee dienvas sale ACG, Og 2 : Sree 1°638 
Methyl ethyl ketone ...... CH;°CO°CH,Me ... 1°638 
PIMACOHN  ....006,s000000 000000 CH,°CO°CMe, ...... 1°640 
pegs alcohol ............ CH,°CH(OH)°CHsg... 1°634 
SOG, ADGRYE ng, . acaseninesce CH,*CH(OH)*CHMe 1°636 
| epee gs err & CH,"°CH(OH)*CH Me, 1°641 
Methyléert.-butylcarbinol.. CH;°CH(OH)*CMe,. 1°643 


In each of these cases the introduction of the tert.-butyl group 
brings the dispersion-ratio up to or above 1°640. 


Absolute Molecular Magnetic Rotation. 


In working out his observations, Perkin adopted the very con- 
venient plan of using water as a basis for comparison, instead of 
working out the ‘‘ Verdet constant,’ which measures the absolute 
magnitude of the effect produced in unit magnetic field. The direct 
observations consisted in every case in a comparison of the rota- 
tions produced by equal columns of the substance and of water 
when placed in the same magnetic field; the ratio of the two 
rotations (our “water-ratio’’) was called by Perkin the “specific 
rotation ” of the substance. In Perkin’s experiments the compari- 
son was made with water at the same temperature as the liquid; 
this condition also prevailed in our experiments, as all readings 
were taken at 20°. 

The first step in calculating out the results of the observation is 
to divide the “specific rotation,” that is, the ratio of the two 
rotations, by the ratio of the two densities. The comparison is then 
between equal masses of the two liquids instead of between equal 
lengths or volumes. If the rotation produced by a given column 
of water were always proportional to its density, its temperature 
would be a matter of indifference. But as the ratio of rotation to 
density is not constant, but increases with rising temperature (to 
the extent of 0°8 per cent. between 0° and 100°), it is necessary 
in exact work to select a standard temperature for the water, for 
example, 4°. The ratio of rotation to density is, however, exactly 
the same at 0° and 20°, and differs only by 1 part in 10,000 when 
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a comparison is made between 4° and 20°; the correction is there- 
fore only important when hot water is used as a basis of comparison 
for a hot substance, and does not introduce any perceptible error in 
measurements made at 25° or below. 

The second step is to calculate the “molecular rotation” by 
multiplying the preceding ratio by the ratio of the molecular 
weights of the substance and of water, so that: 


Ge Ue. My 
Mol. rota, = —x—*x—_, 
Oy s Mw 


where a, a, are the two rotations, 


d,dy 55 5, 5, densities, 
M, My , 5, 5, molecular weights. 

In Perkin’s work the molecular weight of water was taken as 18, 
but the introduction of the modern value 18°016 does not affect 
the result, as the ratio of the molecular weights has not been 
altered to any marked extent. By this further reduction a com- 
parison is made of the effects produced by equal numbers of 
molecules of the substance and of water. 

The final step is to eliminate the influence of the wave-length of 
the light. This is done by calculating the rotations which would 
be produced when using light of wave-length given by the equation 
A2=1+A,?2 for the substance and for water respectively. The 
relationship takes the following form: 


Absolute molecular rotation= Mol. rot». x a iat. 1 


ay ds My *-dy?’ 
where A= 0°5893 or 0°5461, according as the “specific rotation ” was 
determined with sodium light or with green mercury light, and 
A,” and A,2 are the “dispersion constants” of the substance and of 
water respectively. 

It is perhaps fortunate that water, in spite of its many abnormali- 
ties, does not differ very widely in dispersive power from the simple 
organic compounds of the fatty series. The reduction to “ absolute ” 
rotations, which is necessary in order to eliminate the effects of 
colour and of dispersion, does not involve any very large alteration 
in the relative values recorded for sodium or for mercury light. 
Taking the dispersion-ratio for water as 1°645 (dispersion-constant 
Ap? = 0°0222) and the dispersion-ratio for the fatty compounds as 
1°635 (dispersion-constant A,?=0°0195), the effect of reducing the 
observations to “ absolute rotations” is to increase the values for 


sodium light by about 0°7 per cent. and the values for mercury 
light by about 0°9 per cent. 
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In the case of aromatic compounds, having a much higher 
dispersive power than water, the molecular rotations would be 
substantially decreased by reducing to “absolute” wave-lengths. 
Thus, in the case of a substance having the dispersion-ratio 1°735 
(dispersion constant A,2=0°0427) the molecular rotations for sodium 
light would be decreased by 7 per cent., and those for mercury light 
hy 9 per cent. 


Absolute Molecular Rotation in Homologous Series. 


Perkin found that the molecular rotation for sodium light 
increased in a very regular way by increments of 1°023 in homo- 
logous series of fatty compounds. The molecular rotations could 
therefore be expressed by the formula: . 


Mol. rotn.=s+1'023n, 


where s is the “series-constant” and n is the number of carbon 
atoms in the molecule (T., 1884, 45, 574). This formula had to be 
abandoned in the case of the lowest members of each series. It was 
also necessary to assume special values for the series-constants of 
the acids and methyl esters in place of the general value for the 
homologous alkyl esters and for the formates and acetates in place 
of the general value for the esters of the higher acids of the series. 
With less justification, special values were also assumed for the 
series-constants of all iso-compounds, including the fatty acids, 
although the figures for butyric and isobutyric acids were found 
to agree closely with one another. 

When these limitations are accepted a very remarkable 
uniformity appears in the increments for different homologous 
series, the observed and calculated values agreeing, as a rule, within 
1 part in 1000. It will be evident that so close a concordance 
could scarcely have appeared if the series had differed at all widely 
in dispersive power; an exact agreement could then have been 
observed only for one wave-length, and it is unlikely that this 
would have been the wave-length of sodium light. It is indeed 
only in the case of the “absolute’’ molecular rotations that a 
steady increment independent of the individual dispersive power 
of the substance or of the series can be looked for. The value 
of this steady increment in the “absolute molecular rotation” of 
homologous series may be deduced by combining Perkin’s mean 
increment, 1°023, for sodium light, with the mean value, 1°635, for 
the dispersion-ratio of these compounds; the reduction to 
“absolute”? wave-length then results in a small increase of the 
increment from 1°023 to 1°031. 

It is a matter of interest to see what follows from the assump- 
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tion of a constant increment, 1°031, in the “absolute” molecular 
rotations of homologous series of compounds instead of a constant 
increment, 1°023, in the values for sodium light. In the case of 
substances having the same dispersion-ratio as water, the increment 
would have the same value, 1°031, at all wavelengths. Water, 
with a dispersion-ratio 1°645, is, however, slightly more dispersive 
than the simpler series of fatty compounds, which give dispersion- 
ratios ranging from 1°631 to 1°639. A series having the average 
dispersion-ratio 1°635 would give with sodium light the normal 
increment 1°023 observed by Perkin; the others would give 
increments ranging only from i°020 to 1°026, a range so narrow 
that it could scarcely be detected even in Perkin’s most accurate 
observations. The relation between the dispersion-ratio and the 
increment is shown in the following table: 


Dispersion ratio .......... ; 1°645 1°639 1°635 1°631 
Increment for : 
Absolute wave-leugth ... 1031 1031 1°031 1031 
Sodium light............... 1°031 1°026 1°023 1°020 
Mercury light ............ 1‘031 1°025 1:021 1°017 


It has already been shown that an abnormally high dispersion 
is often accompanied by an abnormally high rotation, and con- 
versely. In such cases the abnormality is reduced in magnitude 
when the molecular rotation is reduced to “ absolute” wave-length ; 
but it would be a great mistake to assume that all abnormalities 
must disappear as a result of this reduction. In the series of 
primary alcohols, for instance, water and methyl alcohol show the 
same anomalies of absolute magnetic rotation as were observed by 
Perkin with sodium light. In other cases, however, the irregulari- 
ties are reduced in a much more striking way; thus, in the case 
of the four aromatic secondary alcohols which have been examined, 
the series increment for mercury light is about 1°150; but the 
increment of the “absolute molecular rotations” is reduced to 
1:060, a value that does not greatly exceed the normal increment, 
1°031, of the fatty compounds. It is therefore probable that 
-many of the irregularities which Perkin observed when he passed 
from the fatty to the aromatic series may be attributed to irregu- 
larities of dispersive power, and would be reduced or disappear if 
the observations could be reduced to absolute molecular rotations. 


Absolute Molecular Rotation in Secondary Alcohols. 


The large number of pure optically active secondary alcohols 
examined in the course of these experiments renders it possible to 
draw certain conclusions which could not have been put forward 
on the strength of a few observations of typical compounds. The 
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absolute molecular rotations of these alcohols were found to be as 
follows: 


Cs Bc. te Ge Ct te tert 


8 
Methylalkylearbinols...... 3°89 4°95 5°98 6°93 7°98 9°06 10°09 11°09 12°11 13°30 
isoPropylalkylcarbinols . — — 5°94 6°96 7°94 9:06 10°16 11:10 — 13°23 
Mean ........ ceaseee 3°89 4°95 5-96 6°95 7°96 9°06 10-12 11°10 1211 13-26 
Cale.......c00....00... 3°90 4°93 5°96 6°99 8°02 9:05 10°08 11°11 12°14 is sie 
Ethylalkylearbinols 3°89 — — 6°91 7°98 8-97 996 — 12° 07 -- 
SEEK, csdorccsdcevsse [3°84] — — 6°92 7°95 8°98 10°01 — 12°07 — 


By subtracting nx1°031 from each of these data, twenty-two 
values were obtained for the “series-constant”’ of the alcohols. It 
was found that the “series-constants” for the methyl and 
isopropyl compounds were 0°805 and 0°803 respectively. This close 
agreement (which must be attributed to the large number of 
substances, seventeen in all, for which data were obtained) proves 
conclusively that there is no perceptible difference between the 
absolute molecular rotations of the methyl and of the tsopropyl 
compounds,* both of which may be expressed by the formula: 

Abs. mol. rotn. =0°804 + 1°031n. 


The concordance between the two series is not affected by the omis- 
sion or inclusion of one or two figures which appear to show larger 
errors than the others, but which could not be checked because 
the material which had been used for the measurements was no 
longer available. There is, however, a steady difference, which is 
too large to be attributed to experimental error, between the values 
for these two series of carbinols and for the isomeric ethyl 
compounds, These gave a lower series number, namely, 0°735, for 
the six carbinols, or 0°724 if the methylethylcarbinol is omitted as 
belonging properly to the methyl series, The calculated values 
given above are derived from the formula: 
Abs. mol. rotn.=0°730 + 1°031n. 

The number of secondary alcohols examined by Perkin was very 
small, but he classified them with the iso-alcohols of the primary 
series, thus: 

“ Alcohols, iso and sec., 0°844+1°023n.” 

The present observations show that the branching of the chain of 
carbon atoms does not necessarily increase the molecular rotation 
of an alcohol which already contains the branched group -CH(OH):. 
On the other hand, there appears to be a definite difference, which 
Perkin had no opportunity of observing, between the methyl and 
ethyl series of carbinols. 

* Attention may be directed to the analogous fact that methyl formate and iso- 
propyl formate agree with one another in giving a dispersion ratio, 1°637 or 1°638, 
which is higher than the ratio, 1°632, for ethyl and propyl formates (see table I). 
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Absolute Molecular Rotation in the Ketones. 


The ketones, like the secondary alcohols, were studied but little 

by Perkin, who classifies them with the iso-aldehydes thus: 

“ Aldehydes iso and ketones, 0°375 + 1°023n.” 
Here, again, the observations which are now described show that 
the branching of the chain has but little influence on the absolute 
molecular rotation, since dipropyl ketone and dizsopropyl ketone 
give substantially the same value. Moreover, the value 11°55 for 
di-n-amyl ketone agrees exactly with the average of the values 
10°50 and 12°61 for the absolute molecular rotation of the tsopropyl 
hexyl and isopropyl octyl ketones. The values for the ketones, 
omitting acetone, are 0°59 below the values calculated for the 
methyl and isopropyl carbinols, as set out on p. 89; the actual — 
differences are: 

Normal ketones......... 0°52 067 0°58 0°59 Mean 0°59 
os oe 0°60 0°57 0°61 0°57 « 
The series-number for these ketones is 0°214, and the absolute 

molecular rotations are given by the formula: 
Abs. mol. rotn.=0°214 + 1°031n. 

This figure is considerably below Perkin’s, which would only be 
increased from 0°375 to 0°378 by reducing to “absolute” wave- 
length. The discrepancy is large, amounting to not less than 
0°164. A similar but smaller discrepancy exists in the case of the 
secondary alcohols, Perkin’s figure for which would be increased 
from 0°844 to 0°851 by reducing to “absolute” wave-length; the 
value 0°804 given above is 0°047 lower. In these two special cases 
it is believed that the figures now given are more correct than 
Perkin’s, since his series-numbers were based upon the values 
obtained for one secondary alcohol (sec.-octyl) and one ketone 
(methyl propyl ketone) only, whilst the new values are derived from 
data for twenty-two secondary alcohols and nine ketones. 


Tabulated Measurements. 


The substances for which data are given in table I were obtained 
from a number of different sources, and the author wishes to 
express his indebtedness to several of his colleagues who have 
provided him with valuable materials for the present investigation. 
In particular he is indebted to Prof. Sydney Young (¥) for two 
pure paraffins and a series of pure esters, to Dr. F. B. Power (Pr) 
for a specimen of active isovaleric acid, and to Dr. R. H. Pickard 
(P) and Mr. J. Kenyon for a remarkable series of ketones and 
secondary alcohols. The other specimens were commercial samples 


ceili ast tery one oe? 
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from Kahlbaum (K) and Schuchardt (S), purified by fractional 
distillation ; in most cases this was done on a small scale only, as 
it was recognised that impurities would be less likely to affect the 
dispersions than the rotations, and that it was not necessary to 
attempt to rival the elaborate work undertaken in this direction 
by Perkin.. The acetic acid, purified as described by Lowry and 
Bousfield (T., 1911, 99, 1432), was, however, undoubtedly purer 
than that used by Perkin. The formic acid, like the acetic acid, 
was purified by freezing. The carbon disulphide had been kept 
over sulphuric acid during ten years, and was then fractionated 
with a Young “evaporator” still-head. The acetone, from the 
bisulphite compound, was purified by a similar careful fractiona- 
tion. The alcohol was dried by quick-lime, as recommended by 
Dr. Merriman (M) (T., 1913, 103, 629), and had the correct 
density ; the methyl alcohol was also supplied by Dr. Merriman. 


TABLE I. 


Absolute Magnetic Rotation and Rotatory Dispersion in a Series 
of Simple Aliphatic Compounds and in four Aromatic 
Secondary Alcohols. 


Dis- 
persion- Dis- 
Substance. ratio, persive Abs. mag.- rotn, 


—— 


Density, Water- ayg,g power, - 


20°/4°. ratio. g,,,,° 100A,”. Lowry. Perkin 


(or cale. ), 
(a) Paraffins. 

Hexane ... CgHyg ceccescesveseee¥”  0°6595 0°915 1°635 1°96 6°68  6°722 
a; <<a aa Y 0°7022 0°962 1°634 1°93 8°75 [8°770] 
(6) Primary Alcohols. 

Water ...... ere 0°9986 1°000 1°645 2°22 1:00 1:000 
Methyl alcohol, CH,*OH_......... M  0°7915 0-714 1°629 1:79 1°63 1°669 
Ethyl ,, (C,H,;°OH ............ M  0°7894 0°854 1°634 1°93 2°79 2-805 
Propyl ,, (C3H,"OH ............ K  0:8035 0:901 1°635 1:95 3°76 3°819 
Butyl ,, C,Hy'OH ...........8  0°8042 0931 1°636 1:98 461 [4:826] 
Heptyl ,, C,H,;‘OH............ K  0°8237 0°994 1°635 1:95 7:84 7-908 
Octyl 9 “Opts OED .....55055.08 0°8270 1°015 1°636 1°98 892 8°943 
Allyl  ,, CyHs°OH ..... ...... K  0°8549 1°239 1°72 289 4°55 4°575 
Glycol C5H(OH)y ......-+. K 171088 0944 17635 1°95 295 2-967 
Glycerol C;H,(OH),_ ......... K  1:2562 1:006 1°631 1°84 4°11 4°172 
(c) Ether. 

Ether ...... eee K  0°7135 0°883 1°639 2°05 4:84 4°802 
(d@) Acids. 

Formic acid H*CO,H ........ ... ZL 12196 0798 1°685 1°95 168 1°687 
Acetic ,, CH,°CO,H ......... L  1°0491 0°786 1°634 1°93 2°53 9°547 
Propionic ,, C,H;°COoH ......... K 0°9916 0°834 1°635 1°95 3°48 3°494 
Butyric ,, C,H,"CO,H .........K  0°9640 0°877 1634 1°93 449 4°514 
isoButyric,, CHMe,"CO.H .....K  0°9504 0°864 1°633 1:90 4:49 4521 
jsoValeric,, CHMeEt°CO,H ...Pr 0°9419 0°927 1°636 1°98 559 5°678 
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TaBLE I (continued). 


Substance. 
Density, Water- 
20°/4°, ratio. 
(e) Esters. 
Methyl formate, H°CO,"CH, ...... S 0°9745 0°729 
»,  acetate,CFI, “C0, ‘C,H, ...Y 09338 0°775 
es propionate, ©, 1 * CO, ‘CH;. A 0°9151 0816 
», _ butyrate, OH; “OO, "CH;..¥ 0°8984 0°852 
Ethy] formate, H CO, OH, .. “> 0°3226 0°797 
,, acetate CH, ‘00, "O, H, eeeuea Y 0°9005 0°825 
Propyl formate, Hi 00, °C, H, aeat Y 0°9058 0°837 
», acetate, CH, ‘CO, 0, H,......¥  0°8884 0°855 
isoPropyl formate, H*CO,°C, Sei icll 0°8728 0°846 
(f) Ketones. 
Acetone ... (CHg),CO ............ K 07920 0°855 
Methy] ethyl ketone, 
CH,°CO°C,H; ......8  0°8054 0°884 
»» hexyl] ketone, 
CH,°CO°C,Hy; «..--S —-0°8202-0°977 
Diethyl ketone, 
ME D£00 0.4.5.0. K — 0920 
Dipropyl ketone, 
EIEIO .....<s0ss. K  0°8217 0 955 
Diamy] ketone, 
(O,H;).00............ P  0°8305 1:009 
Diisopropy] ketone, 
(CHMe,),CO ......... P  0°8108 0°943 
isoPropyl] n-butyl kv tone, 
C,H,°CO°C,H, ...... P 0°8175 0°969 
isoPropyl n-amy| ketone, 
i3H,°CO°C;H))...... P  0°8212 0:979 
isoPropyl n-hexv1 ketone, 
C,H,"CO°C,Hjs......P 0°8226 0°991 
isoPropyl n-octyl] ketone, 
C,H,"CO°O,Hy,... 08264 1°009 
isoButyl amy] ketone, 
C,H,°CO°C;H),......P  0°8185 1°006 
Pinacolin... CH,*CO*OMe, ...... K  0°8114 _ 0°923 


Methyl tert. -butylearbinol, 


CH,°CH(OH)*CMe,...P 
Phenylmethulearbinol, 
CH;°CH(OH):C,H, ...P 
Phenylethylcarbinol, 
C,H;°CH(OH)°C,H; ..P 
Benzylmethylcarbinel, 
CH;'CH(OH)°*CH.Ph...P 
8-Phenylethy/methyicarbinol, 
CH,°CH(OH)°C,H,Ph...P 


0°8185 
1°0135 
0°9840 
0°9905 


0:9788 


1°020 
2°074 
1°963 
1°957 
1°881 


Dis- 
persion- Dis- 


ratio, persive Abs. mrg. rotn. 


(g) Secondary Alcohols, 


(h) Carbon Disulphide. 


LL 


Carbon disulphide, OS,"........... 


1°2632 


3°250 


Gam POW, Ql] SS, 
“Gein? LOOA,?. Lowry. Perkin 
5461 

. (or calc. ). 
16387 2°01 2°51 2°611 
1629 1°79 3°46 3°402 
1°630 1°82 442 [4°417] 
1632 1°87 5°43 5°451 
1632 1°87 3°59 3°588 
1630 1°82 4°53 4°514 
1°632 1°87 4°54 4°587 
1°630 1°82 5°53 5°550 
1638 2°03 476 [4°614] 
1°638 2°03 3°50 3°521 
1638 2°03 4°41 [4°338] 
1°639 2°05 8°38 [8-462] 
1°631 1°84 —_ — 
1°633 1°90 7°44 7°544 
1°635 1°95 11°55 [11°555] 
1636 1°98 7°42 [7°481] 
1637 201 8°48 [8°462] 
1637 2°01 9°47 [9493] 
1637 2°01 10°50 [10°524] 
1°633 1°90 12°61 [12°590] 
1°640 2°08 10°69 [10°524] 
1640 2°08 6°34 ([6°400] 
1°643 2°17 7:06 — 
1°739 4°35 12°77 a 
1731 4°19 13°81 — 
1°731 4°19 13°88 —_ 
1727 4°03 14:90 — 
1765 4°85 9:80 9-883 
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The origin of the specimens is indicated by the initial letter on 
the right hand side in column 1. The substances of which the 
names are printed in italics were optically active; the others were 
inactive. The densities shown in column 2 were measured (except 
in the case of Prof. Young’s specimens) with a modified form of 
Perkin’s density-tube. Values for the absolute magnetic rotation 
calculated from Perkin’s observations are given in the last column: 
the values for substances which Perkin did not examine were 
calculated from his “‘series-constants,” and are given in square 
brackets in the last column; in the case of the ketones, however, 
the values given in brackets were calculated from the “series- 
constant’ shown on p. 90 of the present paper. 

The data for the secondary alcohols are shown in a condensed 
form in table II, the densities having already been tabulated in 
the papers of Pickard and Kenyon, whilst the observed and calcu- 
lated values for the absolute molecular rotations have been set out 
on p. 89. 


TaB_e II. 


Magnetic Rotatory Dispersion in a Series of Optically Active 
Secondary Alcohols. 


Methy]-n-alkyl- Ethyl]-n-alkyl- isoPropyl-n-alkyl- 
carbinols. carbinols. carbinols. 
Dis- Dis- Dis- 
Dis- _persive Dis- persive Dis- persive 
Water- persion- power, Water- persion- power, Water- persion- power, 
ratio, ratio. 100A,7. ratio. ratio. 100A, ratio. ratio. 100A, 
CH,OH 0966 163 198 -— —- —- — — 
CsHnOH 0-984 136 198 — — — 0-992 1641 2°10 
CgH,,°O 0-998 1°639 205 0°988 1°632 1°87 1°006 1°685 1°95 
C,H,; OH 1009 1639 2°05 1°003 1°630 1°81 1°010 1°637 2°01 
C “H,,"OH 1°022 1°636 1°98 1°014 1°634 192 1:024 1°636 1°98 
CoH OH 1030 1685 1°95 1°020 1°634 1°92 1°048 1°636 1°98 
CioHo,°OH 1°037 1636 198 — — — 1:040 1-633 1:90 
C,,H,;,°OH 1°043 1°638 2°08 1°:123 1°631 1°84 -— —- — 
C).H,;"OH 1°066 1°639 2°05 ~ — — 1°056 1°633 1°90 
C,,H,.°OH — as oa _— — — 1:069 -_- — 


Summary and Conclusions, 


(1) Except in the case of the lowest homologues, the magnetic 
rotatory dispersion in simple organic liquids is remarkably constant 
in homologous series. 

(2) In forty-four fatty compounds the average value of the 
dispersion -ratio iS d459/@54,,;=1°635, corresponding with an 
absorption band at Ag?2=0°0195, A, =0°14 w or 1400 A.U. 

(3) The values for individual series range from 1°631 for seven 
esters to 1'639 for four methyl-ketones. 

(4) Similar values were observed for the magnetic rotetery 
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dispersion in glycol, glycerol, ethyl tartrate, and methyl camphor- 
carboxylate; water and compounds containing the tert.-butyl group 
give dispersion-ratios a little greater than 1°640; in aromatic 
compounds the ratio rises to about 1°732, and in carbon disulphide 
to 1°765. 

(5) The influence of dispersion on magnetic rotatory power may 
be eliminated by reducing the observations for every substance to 
wave-length A= /1+A,2, where A,? is the “ dispersion constant ” in 
the equation a=k/\2—A,2. As the readings for water are also 
reduced, the “ absolute molecular rotations” calculated in this way 
do not differ widely from those for green or yellow light, except in 
the case of substances the dispersive power of which differs widely 
from that of water. 

(6) With the help of the new dispersion-measurements, values 
have been calculated for the “absolute molecular rotations” of 
many of the substances examined by Sir William Perkin. Values 
are also given for a large number of ketones and secondary alcohols ; 
these have been found to show regular increments in homologous 
series, but the “ series-constants’’ differ considerably from those 
given by Perkin for a few individuals of these series. 


Guy’s Hospirat, 
Lonpon, S.E. 


XIl.— The Rotatory Dispersive Power of Organic 
Compounds. Part V. A Comparison of the 
Optical and Magnetic Rotatory Dispersions in 
Some Optically Active Liquids. 


By Tuomas Martin Lowry, Ropert Howson Picxkarp, and 
JosEPH KENYON. 


One of the first objects aimed at in the present experiments on the 
rotatory dispersive power of organic compounds was to compare 
(1) the natural rotatory disperson and (2) the magnetic rotatory 
dispersion in a number of optically active liquids. The substances 
which have been available hitherto for making such a comparison 
have usually been of complicated structure, as in the case of pinene 
and nicotine; or they have been difficult to prepare in a state of 
optical purity, as in the case of turpentine and optically active 
amyl alcohol; they may even have shown anomalous rotatory 
dispersion, as in the case of ethyl tartrate. The preparation of a 
lange number of active alcohols in a state of optical purity (see 
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Pickard and Kenyon, T., 1911, 99, 45; 1912, 101, 620; 1913, 108, 
1923; and P., 1912, 28, 42) provided a unique supply of material 
for the comparison referred to above, and led directly to the 
co-operation in experimental work which forms the basis of the 
present paper. The magnetic rotations and dispersions in most 
of the compounds used in this investigation have been given in 
Part IV of this series of papers; the corresponding optical rotations 
and dispersions are set out in the following pages. 


Wiedemann’s Law. 


The comparison of the optical and magnetic rotatory dispersions 
in an optically active liquid was first made by G. Wiedemann in 
1851, five years after the “magnetisation of light” had been ais- 
covered by Faraday. Wiedemann made a series of comparative 
measurements in the case of turpentine oil with solar light of five 
different wave-lengths. After working out the ratio of the two 
rotations for each wave-length, he concluded that ‘These numbers 
agree so well together that one may assume that the law of pro- 
portionality of the rotation of the plane of polarisation produced 
by the current in light of different wave-lengths, with the rotation 
already existing in turpentine-oil may be regarded as correct” 
(Ann. Phys. Chem., 1851, [ii], 82, 231). 

After an interval of fifty years Wiedemann’s law was tested by 
Disch (Ann. Physik, 1903, [iv], 12, 1153), who discovered marked 
deviations, especially in substances showing anomalous rotatory 
dispersion, but concluded that these were due to lack ef homogeneity 
in the material. Darmois (Ann. Chim. Phys., 1911, [vii], 22, 247, 
495), from very similar data, concluded that ‘the law of pro- 
portionality was quite inexact, and that Wiedemann’s result was the 
result of a pure chance.” 

A series of experiments on quartz (Lowry, Phil. Trans., 1912, A, 
212, 295) showed that in this case the proportionality between the 
natural and artificial rotatory powers was exact within the limits 
_ of experimental error over a wide range of the visible spectrum. 
The experiments now described show that this proportionality, 
which is perhaps a general property of optically active crystals, 
does not exist in the case of optically active liquids. Occasionally, 
as in the case of phenylmethylcarbinol, the optical and magnetic 
dispersion-ratios come very close together, but the accidental 
character of this agreement is revealed by the wide disagreement 
in the dispersion-ratios a4359/ 546; of the next homologue, thus: 


dene ait (opt. )...... ne} /CgsH;°CH(OH)°C,H; (opt.). 1°674 
ee (mag.) ... 1°789 { me (mag.). 1°7381 
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Equally emphatic evidence that Wiedemann’s law cannot be 
applied to organic liquids is afforded by the behaviour of the series 
of fatty alcohols. Thus we find that the characteristic dispersion- 
ratios for the following series of carbinols are: 


** Methyl] ” series CH,*CH(OH)'R (opt.) ..0......... 0008+ 1°651 
” ” a WE sniceeciciesescans 1°637 
**Ethyl” series C,H;"CH(OH)*R (opt.) .....ceee eee 1°639 
99 és ” IED i 6.6 cvneiecncens 1°633 
**¢soPropyl” series (CH;),CH*CH(OH)*R (opt.) ......... 1°663 
” 99 pe (MBP.) o00....0 1°635 


The lowest members of the series to show optical activity contain 
at least four carbon atoms; their optical rotatory dispersions show 
marked anomalies (p. 84), but their magnetic dispersions are 
perfectly normal, thus proving again that Wiedemann’s law cannot 
be applied to them. 

In the case of more complex compounds the discrepancy is still 
larger. Thus, in the case of a complex ester, there is the following 
remarkable contrast between ihe two dispersion-ratios: 


Methyl camphorcirboxylate (opt.)...........0.. 2°048 
> 9 (mag ) saneoneecewe 1°632 


Ethyl tartrate, which shows anomalous optical rotatory dispersion, 
agrees with this substance in giving a magnetic dispersion-ratio 
1°630, which does not differ trom the ratio characteristic of such 
simple esters as ethyl acetate. 

It is not easy to explain this inequality in dispersive power. 
In seeking for an explanation the chief clue is to be found in the 
fact that the difference between the optical and magnetic dispersions 
vanishes in the case of quartz, where the optical activity is due to 
asymmetry in the crystal structure instead of in the molecule. In 
this case it may be suggested that every part of the molecule 
contributes its quota both to the optical and to the magnetic 
rotatory power. In optically active liquids, on the other hand, it 
is probable that the natural rotatory power is influenced to a much 
greater degree by the atoms or groups of atoms which are nearest 
to the centres of asymmetry, whilst the magnetic rotatory power is 
influenced to an equal extent by all atoms of a given kind. The 
existence of a rough “additive law” for magnetic rotations and 
the highly constitutive character of optical rotatory power may thus 
perhaps account for the inequality of the two dispersions. 

The deviations from Wiedemann’s law in the case of optically 
active liquids suggest a further question, to which at the present 
time no decisive answer can be given. The inequality in the two 
dispersions might be attributed: (a) to a change in the value of the 
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“ dispersion-constant,” A,?, in the equation a= ty . (see part IT), 
a 
or (b) to the introduction (as in the case of ethyl tarfrate) of a 


second term into the dispersion-equation, which then becomes: 


fy =. 
r2- d 2 - r,? 


In the case of ethyl tartrate, the second term in the equation 
for the optical rotation is negative in sign; it is therefore easy to 
detect its influence in the anomalous rotatory dispersion of the 
substance (Lowry and Dickson, P., 1913, 29, 185). No anomaly 
exists, however, in the magnetic rotatory dispersion of this ester, 
and no deviation from the normal form of the dispersion-curve can 
be detected, in spite of the great probability that the liquid contains 
two dynamic isomerides with independent dispersion-constants. It 
is therefore evidently very difficult to detect the presence of a second 
term in the dispersion-equation unless the two terms differ in sign 
or contain dispersion-constants differing very widely in magnitude. 

From the theoretical point of view much might be said in favour 
of adopting the second of the explanations set out above, but in 
actual practice no such option exists. There is, in fact, no alterna- 
tive to the employment of the simple formula which assumes that 
the deviations in Wiedemann’s law are due to changes in the value 
of the dispersion-constant A,?. This formula, as has been shown 
in Part II of this series of papers, expresses the form of the 
dispersion-curves, both for optical and for magnetic rotations, with 
an accuracy which exceeds that which can be attained in any one 
individual series of observations; it would therefore be quite 
impossible to determine the magnitude of the four constants in the 
two-term equation, even if it were known that this equation was 
the correct one to apply. 


oo 


a= 


Optical Rotatory Dispersion in Homologous Series. 


There is a marked tendency for the optical (like the magnetic) 
rotatory dispersions in homologous series of compounds to settle 
down to a steady value after the first members have been passed; 
but the steady value does not appear until the ccmpound contains 
five or six carbon atoms, the abnormalities usually persisting until 
the growing chain has established itself as the largest of the four 
groups attached to the asymmetric carbon atom. Thus we have: 


. 
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Methylearbinols, isoPropylearbinols, 

m — Opt. Mag. (CH,),0H(OH)*R. Opt. Mag. 
== Ethyl... .,...00. ...... 1662) 4.20, | R=Methyl ............... 1°697) ,. 

R=Propy] to"decy) ..... 1651) 1°68% R= Ethyl to octyl ...... 1°663 f 1685 

Ethylearbinols, * isoButylearbinols, 

O,H;°CH(OH):R. (CH;),>CH°CH,*CH(OH)*R. 
R=Methyl ........ hibiews poy | rerererernoe 1°631 1°644 
R=ws0Propyl ............ 1-661 | 1632 a) eeeeerere 1°633F 1°635 
R= Batyl ...5......0000... 1°650 es | eee 1°657 = 1°6389 
R=Amy]l, hexyl ......... 1-680 


* The diethylcarbinol is, of course, inactive ; the ethylpropylcarbinol has too 
small a rotatory power for an exact measurement of the dispersion ratio. 

t The agreement with the magnetic dispersion ratio 1°635 is exceptionally close, 
but does not reappear in the two adjacent homologues and must therefore be 


regarded as fortuitous, 
+ These samples were probably not quite pure, but this would not be likely to affect 


the dispersion-ratios. 


The dispersive power of methylisopropylcarbinol is remarkable, 
especially in contrast with the steady value 1°663 of the dispersion- 
ratio in six higher homologues. It is, however, fully justified by a 
consideration of the dispersion-ratios in the series set out below: 


CREE ihn siakcscsscesicsssaceases inactive 
EE) Olt g MO oc cciesesccccsccesees 1°662 
CH,°CH(OH)°CH Mey ....cccecsccseseseee 1697 
OH °OH (OH) °O Me gs.c0......000cccc00..6000 1°707 


Attention may also be directed to the high dispersive power of : 


CH, 

Optically active amy] alcohol, *CH’CH,"0H eae 1°700 
oH 5 
CH, 

Optically active valeric acid, 0): 00h): een 1°710 
C,H, 


These two compounds are very similar in structure, and differ 
from the active secondary alcohols in that the asymmetric carbon 
atoms are linked entirely to carbon and hydrogen, instead of to 
carbon, hydrogen, and oxygen. The fact that the oxygen has been 
shifted away from the asymmetric atom, instead of diminishing the 
rotatory dispersion, actually increases it. It appears, in fact, that 
oxygen contributes relatively little to the rotatory dispersion of 
these compounds, which seems to be influenced more by carbon than 


it is by oxygen. 


Absolute Molecular Rotation (Optical). 


In dealing with the magnetic rotatory power of liquids, Perkin 
selected water as the standard both of specific and of molecular 
rotation. This choice was justified by the fact that it is much 
easier to measure the rotation produced in a decimetre length of 


se Na le 
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water than to determine the strength of the magnetic field which 
produces this effect. In dealing with the natural rotatory power 
of optically active liquids, no such standard is needed, as this 
property can be measured directly in angular degrees per decimetre 
length of the liquid; a correction for density or concentration gives 
the ‘specific rotation,” from which the “molecular rotation” may 
easily be calculated without introducing any other substance as a 
basis for comparison. 

This fundamental difference in the method of dealing with 
natural and magnetic rotations leads to a further contrast when the 
attempt is made to eliminate the influence of dispersion by working 
out the “absolute” rotatory powers of a substance. 1n the case 
of magnetic rotatory powers the comparative method was extended 
to this final stage in the working out of the experimental 
observations, the magnetic rotation in water being reduced to 
“absolute” wave-length as well as that in the substance. In con- 
sequence of this extension ot the comparative method the final 
reduction produces only slight alterations in the values of the 
molecular rotatory powers; in the case of substances, such as 
tert.-butyl alcohol, which have the same dispersive-power as water, 
the “absolute” molecular rotation is actually identical with that 
for sodium or for mercury light; » table showing the small changes 
produced in the case of typical aliphatic compounds is given in 
Part IV (this vol., p. 88). In dealing with optical rotatory 
powers, it is necessary, in order to eliminate the influence of 
dispersion, to reduce the readings for the substance to the standard 
wave-length, at which A2=1+A,?._ This produces large alterations, 
which cannot be diminished or removed by the use of relative values 
for two substances. The actual alterations which are produced are 
shown in the following table for a series of typical dispersion-ratios: 


Tf 

G4550/As4g, = 1°636 1°644 1°651 1673: 17385 1°764 
then 

Gavs./Az4g, = 0°2784 0°2763 0°2745 6°2691 0°2555 02499 
and 


= 03275 0°3254 0°3237 0°3181 0°3045 0:°2989 


Aaips./A5e9g 


In this table it is seen that the absolute rotations range from 
28 to 25 per cent. of the rotations for green mercury light, and from 
33 to 30 per cent. of the rotations for sodium light. 


Tabulated Measurements. 


In table I two series of values are given for the absolute 
molecular rotation of each compound. The values given in the 
H 2 
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fifth column are calculated from the readings of column 4, which 
were made in London with green mercury light; the values in the 
sixth column are calculated from readings which were made in 
Blackburn with sodium light. In nearly every case the two values 
agree together closely, but in the few cases in which marked 
differences are observed, the second value is to be regarded as the 
more trustworthy. Thus in the case of methylethylearbinol, the 
‘lower value obtained with mercury light is almost certainly due 
to the absorption of water, as it was found to diminish steadily in 
successive series of experiments; so also in the case of methyl- 
n-butylearbinol, the sample used for measuring the dispersion was 
known to be of slightly lower rotatory power than the sample used 
when the sodium readings were taken. 

The dispersion-ratios and dispersion-constants are set out in 
colurnns 2 and 3. The rotatory dispersion in these compounds is 
so steady that no new facts are disclosed when the effects of dis- 
persion are eliminated; all the essential characteristics of the 
drift of rotatory power in homologous series can be seen equally 
well in the readings for sodium or for mercury light. Attention 
may, however, be directed to the fact that the small rotations in 
the “ethyl’’-carbinols are associated with exceptionally small dis- 
persion, whilst the high optical activity of the “sopropyl’’-carbinols 
is associated with a high dispersive power; the “methyl ”-carbinols 
occupy an intermediate position both in rotatory power and in 
dispersive power. This parallelism between rotation and dispersion 
does not apply to the abnormality of the initial members of each 
series, where a low rotatory power may be associated with high 
dispersive power. 


Optical Rotatory Dispersion and Absolute Molecular Rotation in 
some Optically Active Liquids. 


Observed 
Dispersive rotation, Abs. mol. rot. 
Dispersion- power, a — 


5461 
ratio. 100A,22 (100mm.). LL. Pr. &k&. 
(a) “ Methyl” Carbinols (normal). 


Methyl ethy] carbinol ......... 1°66] 2 62 12°57° = [3°13] 3°30 
LE ss aisisbonss 1°652 2°40 13°25 3°95 3°91 
», butyl di cadunatone 1°653 2°42 10°84 [3°72] 3°81 
»» amyl Bn aly Saas 1°651 2°37 9°88 3°85 3°88 
oG.  Siieeiaeaesen 1°653 2°42 9°54 4°14 4°10 
| rrr 1°651 2°37 8°68 4°17 4°17 
ME ae has 1°649 2°32 8°44 4°45 4°43 
»  nhonyl ee see ead ices 1°651 2°37 7°87 4°50 4°52 
— ia 1°653 2°42 7°52 4°61 4°68 


deanna. 
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Optical Rotatory Dispersion and Absolute Molecular Rotation in 
some Optically Active Liquids (continued). 


Observed 
Dispersive rotation, Abs. mol. rot. 
Dispersion- power, 5461 a, 


ratio, 100A,2 (100mm.). L. P.&K. 
(6) “ Ethyl” Carbinols. 


Ethyl propyl carbinol ......... (1°615j * [1°39] * 1°60° 0 57 0°67 
»» butyl Tea Ree 1°650 2°34 7°94 3°09 3°13 

» amyl Sees 1°639 2:05 8:07 3°54 3°50 

»» hexyl ue 9 1°639 2°05 7°80 3°78 3°78 

, octyl . -eoeeaee 1°634 1 92 6714 3°56 3°55 

(c) “isoPropyl” Carbinols. 

isoPropyl methyl carbinol ... 1°697 3°46 4°74° 1°34 1°34 
ws ethyl ne = 1°€61 2°62 14°71 4°95 4°94 

»> propyl ,,  ..  1°665 274 20°62 7:89 789 


» butyl aaa 2°74 24°97. 10°69 10°64 


5) amyl ewe «1°868 2°67 22:46 10°63 10°53 

. hexyl - aes 1°661 2°62 21°16 11°01 10°86 

octyl -/.- eh ee 2°62 18°38 1113 11°06 

7 decyl 99 ian 1°669 2°86 15°59 10°82 11:06 

(d) “ Butyl” Carbinols. 
isoButyl methyl carbinol...... 1°631 1°92 19°44° 6°85 6°84 
7 ,, ethyl gy, > vacasaa 1°633 1°90 9°39 — — 
+ 4, propyl eieeeres 1°651 2°37 4°99 — — 
tert.-Butylmethylearbinol ... 1°707 3°68 7°87 2°57 — 
(e) Aromatic Secondary Alcohols. 

Phenylmethylearbinol _ ...... 1°736 4°29 52°49° -16 14 15°93 
Phenylethylearbinol ........ ° 1°674 2°93 32°37 11°91 11°98 
Benzylmethylcarbiuol ......... 1°833 6°13 32°47 10°57 —_ 
8-Phenylethylmethylcarbinol 1679 3°06 16°55 6°79 — 
(f) Amy] alcohol (active) ...... 1700 3°54 540° —- — 
GO VOINEIS BORE wnccnssscrecesess 1°710 3°74 20°50 5°80 _— 


* The rotatory power was too small to give trustworthy figures for the dispersive 
power of this compound. 
+ These samples were of doubtful purity. 


Summary and Conclusions. 


1. Optical rotatory dispersion varies more widely than magnetic 
rotatory dispersion, but remains constant in homologous series of 
secondary aliphatic alcohols when the “growing chain” of carbon 
atoms has established itself as the heaviest radicle in the asym- 
metric molecule. 

2. Wiedemann’s law, which applies exactly in the case of quartz, 
does not hold good in the case of optically active liquids. The 
optical is usually greater than the magnetic rotatory dispersion, 
but the converse is sometimes observed in aromatic compounds. 
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3. Remarkable variations of optical rotatory dispersion are 
observed in the series: 


C,H,;°CH(OH)°CH, ............000 Gsgso/z4g, = 1°736 
C,H;*CH(OH)*CH,°CHy ... ...0e... | = 1678 
CyH,"CH,°CH(OH)*CHy «0.2.0... = 17838 
C,H,"CH,"CH,"CH(OH)"CH,...... 1» = 1679 

and in the series: 
CH,*CH(OH)*CH,Me .........+00,.. » = 1662 
CH,"CH(OH)"CH Mey ........... +. = 1697 
CH,°CH(OH)*OMe, .. ..........0... _ 1 = 1907 
High dispersions are also observed in: 

CH, 

SCH*CH"0H oe cce eee ccceeees » = 1700 
C,H,/ 
CH, 

CH-Co "Seer ne , = 1710 
C,H, 
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XII.— The Porosity of Iron. 
By Witi1am Hucues PERKINS. 


Iron which has been immersed for some time in a solution of 
alkali hydroxide and then thoroughly washed with water is stated 
by Dunstan and Hill (T., 1911, 99, 1853) to exhibit a certain 
‘passivity’ towards nitric acid or copper sulphate and towards 
atmospheric corrosion. Friend (T., 1912, 101, 50) believes this 
phenomenon to be different from ordinary passivity, and asserts 
that it is caused by the retention in the pores of the metal of a 
small quantity of alkali, which is sufficient to prevent corrosion. 
He does not explain why it also renders the iron inactive towards 
copper salts and nitric acid. The statement that alkali is absorbed 
is criticised by H. B. Baker (Annual Reports, 1911, 8, 31), who 
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failed to confirm Friend’s results, using rather more dilute solutions 
of the alkali hydroxides, Before Baker’s criticism appeared the 
present author had been led to repeat Friend’s experiments, on - 
account of what appeared to him to be a grave defect in the method 
used to extract the retained alkali from the metal. After soaking 
Kahlbaum’s iron foil in concentrated (64) sodium or potassium 
hydroxides and then thoroughly washing in a stream of distilled 
water, Friend placed his metal in a shallow porcelain dish contain- 
ing distilled water. It is difficult to see how this procedure could 
lead, in the case of sodium at any rate, to satisfactory blank tests. 
To obtain distilled water which is free from sodium is no easy 
matter, and contact with the glaze of a porcelain dish will always 
produce a distinct flame reaction in quite a short time. It was felt 
desirable, therefore, that the experiments should be repeated in 
platinum dishes, and that an attempt should be made to obtain 
more conclusive evidence, if possible, of a roughly quantitative 
nature. 

The first problem was a careful repetition of Friend’s experiments 
with sodium hydroxide. His procedure was followed in every detail, 
except that platinum dishes were used for the extraction in place 
of porcelain. The result was very uncertain. It was possible in 
most cases to distinguish between the test and the blank, but the 
difference was not at all striking. A satisfactory blank experiment 
was not obtained, even when the distilled water was collected 
directly from the tin worm of the condenser in the platinum basin. 
In the case of potassium the flame test and spectroscopic test are 
much less delicate under ordinary conditions, but it was found that, 
on carefully concentrating the solution to about 0°1 c.c., there was 
a distinct indication of potassium. It might be possible to arrive 
at a more definite solution of the problem as far as it concerns 
sodium and potassium hydroxides by the use of more highly refined 
methods and more complicated apparatus, but it appeared more 
profitable at this stage to extend the inquiry to other substances. 
Baker (loc. cit.) mentions the use of barium hydroxide, and this 
alkali was chosen for the next experiments. The iron (Kahlbaum’s 
iron foil) was immersed for three months in nearly saturated 
baryta water in an atmosphere free from carbon dioxide. It was 
then well washed with distilled water until after soaking for five 
minutes, the solution gave no turbidity with sulphuric acid and no 
flame coloration. The metal was then immersed in dilute hydro- 
chloric acid for an hour, the liquid being then poured off through 
a filter and tested for barium with sulphuric acid and by the flame 
coloration. A distinct cloudiness and a green flame coloration 
were always obtained from the test and none from the blank 


104 PERKINS : THE POROSITY OF IRON. 


solution. It is possible, however, that the barium may have been 
retained on the surface of the iron as insoluble carbonate formed 
from the traces of carbon dioxide which could not be assumed to 
be absent from the metal. Further experiments were therefore 
carried out with lithium hydroxide. A saturated solution of this 
alkali was mixed with about one-fifth its volume of boiled distilled 
water. Pieces of iron 5x4 cm. in area were immersed in it for 
periods varying from three weeks to six months, the vessel being 
kept well stoppered. When the metal was removed it was well 
washed, first under the tap and then in a stream of distilled water, 
being subjected at the same time to vigorous rubbing either with 
the fingers or with cotton-wool. This process occupied from ten to 
twenty minutes in each case. After a final thorough rinsing it was 
placed in a platinum dish containing about 5 c.c. of distilled . 
water and left for about twenty-four hours. The water was then 
poured off into a clean platinum crucible, evaporated down to about 
one-fifth of a c.c., and then tested by the flame test on a clean 
wire. There was in all cases a distinct coloration, which was not 
obtained in any of the blank tests. For the blank tests a piece 
of the same iron was treated in exactly the same way, except that 
it was not immersed in the lithium hydroxide. It is, of course, 
possible, on account of the relative insolubility of lithium carbonate, 
to advance against these results arguments similar to those used 
in the case of barium. The solubility of lithium carbonate, however, 
is so distinct (more than 1 per cent. at 15°) that it is not likely 
to have been retained as a surface deposit during such thorough 
washing. The substitution of electrolytic iron (Schuchardt) for 
the iron foil did not modify the results obtained. A gold crucible 
which had contained lithium hydroxide for some months, after 
washing well for five or ten minutes with running water, required 
a daily change of water for more than four weeks before the 
spectroscopic test for lithium failed to show its presence in the 
water. It is clear, therefore, that traces of alkalis, and presumably 
therefore other solutions, are retained by metals in such a way that 
their extraction is a slow process of simple diffusion, and cannot be 
hastened by shaking or even by gentle rubbing. Whether this is 
due to actual porosity or to the formation of a surface layer is 
not quite clear, but the “absorption ” is obviously very slight. To 
obtain some estimate of the absolute quantity an attempt was made 
to obtain approximate figures, using ammonium hydroxide as the 
alkali and Nessler’s reagent as a quantitative indicator. A large 
piece of iron foil about 500 sq. cm. in area (reckoning both sides) 
was well polished and cleaned, and then immersed for six weeks 
in concentrated ammonia solution. The washing was carried out 
first with distilled water, and then at the end with four changes of 
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ammonia-free water (500 c.c. contain less than 0°000002 milligram 
of ammonia). As a rule, the washing, after three or four prelimin- 
ary rinsings, required about fifteen minutes and about ten changes 
of water, the last four each remaining in contact with the metal 
for two minutes. The metal was then covered with 500 c.c. 
ammonia-free water in another vessel and left for three days. At 
the end of this time all the water was distilled through an 
ammonia-free condenser, and the distillate tested. Four experi- 
ments gave quantities of ammonia varying from 000002 to 
0°00003 gram for 500 sq.cm. of metal. A quantity of this order of 
magnitude may or may not be sufficient to account for the anoma- 
lous behaviour of the iron which retains it, but it is doubtful 
whether one is justified in assuming that it is retained by actual 
“pores” in the metal. In connexion with ammonia one difficulty 
was kindly pointed out to the author by Professor Smithells. It 
was at one time believed that ammonia was formed during the 
rusting of iron, and this view has not, to the knowledge of the 
writer, ever been confuted. The German edition of Berzelius’s 
“Lehrbuch der Chemie” (1834) contains the following paragraph 
(Vol. III., p. 427): 

“In trockner Luft oxydirt sich das Eisen nicht, um so rascher 
aber in feuchter und besonders bei Gegenwart von viel Kohlen- 
siure. Es entsteht hierdurch der sogenannte Rost, welcher ein 
Gemenge von kohlensaurem Eisenoxydul mit Eisenoxydhydrat ist. 
Das Eisen oxydirt sich dabei nicht bloss auf Kosten der Luft, 
sondern zugleich wird auch Wasser zersetzt, dessen Wasserstoff sich 
im Entstehungszustande mit Stickstoff aus der Luft zu Ammoniak 
verbindet. In dieser Reaction besteht zwar nicht hauptsachlich 
die Oxydations-Erscheinung, sie findet aber doch stets so unverkenn- 
bar staat, dass ein schwach geréthetes Lackmuspapier, welches man 
in eine verkorkte Flasche aufgehingt hat, auf deren Boden sich mit 
Wasser angefeuchtete LEisenfeilspihne befinden, nach wenigen 
Stunden geblaut wird. Ein Theil des sich bildenden Ammoniaks 
verbindet sich mit dem Eisenoxyd, und so enthalt auch sonderbarer 
Weise alles mineralisch vorkommende Eisenoxyd, sowohl das aus 
den Urgebirgen, als das aus jiingeren Formationen, Spuren von 
Ammoniak, welches in Destillations-gefaissen ausgetrieben werden 
kann.* Diese Verhaltnisse sind zuerst von Chevallier beobachtet 
worden.” 

It appears, therefore, if this view is correct, that a quantity of 
ammonia may be produced in the period during which the iron 
is immersed in the distilled water when it undergoes a good 
deal of corrosion. Carefully conducted experiments have shown 


* This statement is repeated by Mendeléev (Principles, 1891, Vol. II., 318). } _3 
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that the ammonia produced during the rusting of large pieces of 
iron foil, which lost from 0°4 to 0°6 gram in weight in the process, 
was less than 0°000002 gram, as determined by Nessler’s reaction. 
The experiment with litmus paper as indicator could not be 
repeated, whilst the geological evidence, bearing in mind the nature 
of iron oxide, is not very surprising. 


It may be remarked, in conclusion, that in all the author’s experi- 
ments the iron which had been soaked in alkali and then well 
washed, rusted much more irregularly, and was more liable to 
pitting than iron which had not been so treated. 
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XIV.—The Relative Activities of Certain Organic 
Iodo-compounds with Sodium  Phenowxide in 
Alcoholic Solution. Part Ill, The Temperature- 


coefficients. 
By Davip SEGALLER, 


Tue influence of temperature on the rate of reaction between 
aliphatic alkyl iodides and sodium phenoxide in alcoholic solution 
has been studied, particularly with the object of determining the 
relative activities of these compounds when the effect of tempera- 
ture can be excluded. 

The following substances were dealt with: methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, sec.-butyl, tert.-butyl, amyl, isoamy]l, 
sec.-amyl, hexyl, sec.-hexyl, heptyl, sec.-heptyl, octyl, sec.-octyl, and 
hexadecyl iodides, and their velocity-coefficients were measured at 
four different temperatures (with two exceptions, which were only 
measured at three temperatures) over a range of approximately 50°. 

The temperature-coefficients are very large, most of the iodides 
mentioned above being more than twenty times as reactive at 58° 
as they are at 31°. 

The value X,,,,.,/K; is practically constant throughout the series, 
and lies between 3°01 and 3°09. 

In his principle of mobile equilibrium (tudes, p. 222), van’t 
Hoff deduces the equation : 


dlog K q 
a ae | 


| SiEBiteeteaiocn) ee 
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where q is the heat evolved in the formation of the system. This, 
on integration, leads to the approximation : 


- = A 
logK = spt const. = pre eee 


- 


where A and 6 are both constants. It follows from equation (2) 
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A=tert.-Butyl iodide. C= Ethyl iodide. K=isoPropyl iodide. 
B= Methyl iodide. D=Propy/ iodide. F =sec.-Octyl iodide. 
G=Amyl iodide. H=isoButyl todide. 


LA 


10° x log,, Velocity coefficient. 


that if log K is plotted against 1/7’, the reciprocal of the absolute 
temperature, the graph obtained should be a straight line. 

The velocity-coefficients obtained were plotted against 1/7’ in 
the diagram, and it is seen that the graphs are straight lines 
in all cases. The fourth point connecting the reciprocal of the 
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highest temperature and the velocity-coefficient obtained lies some- 
what off the line in every case, the value of K, for each substance 
being lower than that obtained from the curve. This cannot be due 
to experimental error, as the only possible variation from the 
method adopted in determining the velocity-coefficients at the other 
three temperatures lies in the fact that the reaction was not 
stopped as promptly in the case of the sealed tubes as in those 
cases where stoppered tubes were employed. The error involved 
here, however, would be that the time ¢ would be somewhat larger 
than that given in the tables, and consequently K, would be 
smaller, instead of greater, than the value found. The only other 
possible source of error, namely, pressure in the tubes, could only 
be minute. It has been shown by a number of observers (Réntgen, 
Ann. Phys. Chem., 1892, [iii], 45, 98; Rothmund, Zettsch. physikal. 
Chem., 1896, 20, 168) that the influence of pressure on the velocity 
of reaction between liquids is very slight. The reason for the 
lower values of KA, is probably to be found in the fact that the 
magnitude of g is dependent on the temperature, so that equation 
(2) holds only over a limited range. 

Very little work has been done up to the present in connexion 
with the relative reactivities of any homologous series at different 
temperatures. The work that has been published does not tend 
to show any regular increase or decrease in reactivity with an 
increase of -CH, in the molecule in an homologous series; for 
example, Price in his research on ester saponification (Ofvers. 
K. Vet. Akad. Stockholm, 1899, 56, 932) gives values which show 
that there is practically no difference in the magnitude of the 
velocity-coefficients of methyl, ethyl, propyl, and isobutyl acetates. 

Crocker, on the other hand (T., 1907, 91, 611), by comparing the 
reactivities of the aliphatic amides, shows that there is a gradual 
transition in the relative activities of the first eight homologues 
with increasing molecular weight. 


EXPERIMENTAL. 


It has been shown by the author (T., 1913, 108, 1162) that, in 
the action of alkyl iodides on sodium phenoxide, the initial concen- 
tration of the reacting substances has a large influence on the 
magnitude of the velocity-coefficients. It was therefore necessary 
to perform all the reactions at the various temperatures with the 
same initial concentration in order that the results should be 
comparable, and this made the times for half reaction vary from 
ten minutes to seven days. The concentrations of both the phen- 
oxide and iodide used throughout this work was V/10, and the 
method adopted for the three lower temperatures is the same as 
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that already described (T., 1913, 103, 1154, 1422), the additional 
precaution being adopted of blackening the outsides of all vessels 
used. In the case of the highest temperature employed (80°1°) it 
was necessary to work in sealed tubes. These tubes were made to 
hold just over 20 c.c., and were drawn out to a narrow end just 
wide enough to admit a special pipette with a very narrow stem. 
The reaction mixtures were transferred to the tubes by means of a 
pipette, the narrow ends drawa out to a point and sealed off. During 
the sealing, the tubes rested in an asbestos cloth bag. As each tube 
was removed from the thermostat it was rapidly cooled by immer- 
sion in a large volume of mercury on which ice was floating. This 
treatment cooled the reaction mixture to the room temperature in 
a very short time. The capillary was then broken off, the contents 
of the tube were thoroughly washed out into a beaker containing 


the WV /20-acid, and the titration was completed as described. 
The method of calculating the velocity-coefficients was the same 
as before, and the following table gives the results of the measure- 
ments, showing the mean values of K at the four temperatures: 
30°19, 42°5°, 58°5°, and 80°19. | 
a RK. Ky. Ky ? 
Temperature, Temperature, Temperature, Temperature, i 
Substance. 30°1°. 42°5°. 585°. 80°1°. t 
Methyl iodide............ 0°0155 0°0607 0326 — f 
Eth;1 5g) eeaeeaea aia 0-00342 0°0135 0°0710 0°510 ‘ 
WPEOPY! 55. ssdde sce 0°00128 0 00520 00283 0 209 ° 
eres 0°00127 0 00485 0 0267 0°197 
BMT gg nc scsanascts 0°000545 0:00210 0°0117 0085 fq 
M-NEGET 45, .cose.taceee 0°00121 0°00464 0°0255 0°192 f 
n-Heptyl ,, ........ eee 0°00116 0°00451 0°0248 0°190 y 
M-OCtYL 45. wsssee. ss 000 0°00109 0°00434 0°0242 0°187 
n-Hexadecy] iodide ... 0 00107 0°00429 0 0236 0°184 
isoButy] yee 0000512 0-00193 0-0103 0-0700 
isoAmy| i ae 0:000727 000285 0°0156 00760 
isoPropy] Re a 0 00123 0°00465 0°0259 0°193 
sec.-Butyl ihe dds 0°00182 0.00513 0°0277 0 205 
sec.-Amy] wes 000120 000470 0-0260 0°197 
sec.-Hexyl oa oan 0°00113 0°00433 0°0240 0°178 
sec.-Heptyl ,, ian 0°00110 0 00420 0°0230 0°170 
sec.-Octyl ia oi 0°00107 0 00411 0°0226 0°168 
tert.-Buty] ‘5 sie 0°0295 0121 Temperature 0° 0°000381 
The relationship between the velocity-coefficients and the tem- 
perature is expressed much more accurately by an equation than 
by a graph. The data obtained above are well represented by the 


equation K/K,=(T/T))8, proposed by Harcourt and Esson (Phil. 
Trans., 1867, 157, 117; 1912, 4, 212, 187), but are better 
expressed by Arrhenius’ equation (Zeitsch. physikal. Chem., 1887, 
4, 226): 
logk, -logky= 4(5,- ar) + + + + + QB) 
r’, 2 
where A is a constant, 
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In the following table the values of K, are compared with those 
calculated by means of equation (3): 


2 Ky 
Substance. XK. K3. A.  ccaleulated. found. 

Methyl iodide ......... 0°0155 0°326 4850 0°0591 0°0607 

Ethyl ,, ss... 000342 00710 4825 0°0130 0°0135 

error 0°00128 0°0283 4922 0°00500 0°00519 
isoPropyl iodide ...... 0:00123 0°0259 4846 0°00465 000465 
Butyl be seaeks 0°00127 0°0267 4845 0°00494 0°00485 
isoButyl bap gneaes 0°000512 + 0°0103 4778 0°00192 0°00190 
$6¢.-Buty]  ,, cesses 0°00132 0°00277 = 4844 0°0V502 0°00513 
tert.-Butyl ,, ...... K,,0°000381 K,0°121 5100 K,0°0301 0°0295 

Amyl Bt Ratan 0°000545 6°0117 4887 0700210 0°00210 
dsoAmyl er 0°000727 00156 4880 000279 0 00285 
ee re 0°00120 0°0260 4893 0°00463 0:00470 
Hexyl OP i Racdidl 0°00121 0°0255 4852  0°00461  0-00464 
3 | 0°00113 0°0240 4866 000433 0 00433 
Heptyl eae ere 0°00116 00248 4874 0°00445 0 00451 

sec.-Heptyl ,, — ...... 0°00110 0 0230 4845 0°00418 0:00420° 
Octyl a ere 0°00109 0°0242 4933 0°00435 000434 
sec.-Octyl 4, eeseee 000107 00226 4848  0°00409 000411 
Hexadecyl ,,_...... 0 00107 0°0236 4918 0:00417 0°00429 


The “constant” A varies very little throughout the series, and 
if the interpretation of Arrhenius is adopted, then A represents 
approximately half the heat required to convert the inactive form 
into the active. It follows also that the heat of transformation 
from the inactive to the active form is independent of the tempera- 
ture. This is apparently the case for the range of temperature 
considered in this investigation (excluding the highest tempera- 
ture). 

Comparing the series separately, for example, normal primary, 
tso-primary, secondary, and tertiary, it will be seen that the velocity- 
coefficients become gradually less with increasing molecular weights, 
and in no case was there any inversion of the order of reactivities 
from one temperature to another. 

If the velocity-coefficients are examined in relation to one another 
at the various temperatures, some remarkable points are noticed. 

In the following table the velocity-coefficients are given relatively 
to methyl iodide, the velocity-coefficient of which is taken equal to 
1000. 

K,, Ky, Ks are the “relative” velocity-coefficients at the tem- 
peratures 31°0°, 42°5°, and 58°5°. 


Substance. K,. K3. Ky. 
Methyl iodide ............... 1000°0 10000 1000-0 
Ethyl OR Sree fan cree 221°1 222°1 217°6 
I ai uiktnalalsiicas 82°75 85°63 86°58 
tsoPropyl ,, —.....000 aie 79°64 76 56 79°41 
Butyl dar aecuenapuawees 82°22 81°37 81°96 
EL abo. Ashes. onttinaci 33°07 31°30 31°5i 
sec.-Buty] iodide ............ 85°13 84°48 84°82 
dert.-Butyl 45 ..coccseeees 1904 °0 1987°0 


Amyl er AR 35°21 34°67 36°00 
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Substance. K,. Ke Ky 
isoAmyl iodide ............ 46°95 46°96 47°97 
a ke), re er 77°52 77°45 79°54 
Hexyl os > hepeaeaue 77°50 76°49 78°01 
SR VEOEE §45,  kabecoassces 72°88 71°42 73°60 
Heptyl i. aSancrneances 74 80 74°30 76:01 
gec.-Hoptyl ,,0 .sicsoscsese 70°74 69°16 70°47 
Octyl a ee 70°42 74°32 
OEE 5 ccavincenons 69°26 69°00 69°11 
FICERGCGY! ,,,  sessscssesas 69°33 70°76 72°38 


The numbers in the above table show that approximately the 
relative velocity-coefficients of the alkyl iodides are independent of 
the temperature. If a mean is taken of the velocity-coefficients 
relatively to methy] iodide at the temperatures considered, we 
therefore obtain a series of numbers which express the relative 
reactivities of the alkyl iodides independent of the temperature. 
The following table gives the order of the reactivities so obtained : 


tert.-Buty] iodide ...... 1945°0 Heptyl iodide......... 74°70 
Methyl > crake 1000°0 GCC TEORYL 5 cs sisnnees 72°63 
Ethy] ~ wae Saee Octyl fp) tesencax? | 
Propvl ea Serie 84°95 Hoxadecyl ,, sss... ‘70°62 
ne, | ree 84°81 as : re 70°12 
Butyl ee 81°85 SA gg sine caine 69°12 
isoPropyl Name Oe 78°53 | ISORIOYS = 55, Secskéwase 42°29 
Seci-Bmgl 5, ssases 78°17 | Amy] oe chewakte 35°29 
Hexyl ce, 9 Hbdaag 77°33 ) MOUTENE gy. scecsaaens 31°96 


General Conclusions. 


(1) The temperature-coefficients of the alkyl iodides with sodium 
phenoxide in alcoholic solution are large, the ratios of the velocity- 
coefficients for two temperatures differing by 10 degrees are fairly 
constant for the series, and lie between 3°01 and 3°09. 

(2) The coefficients found for the three lower temperatures are 
in good agreement with those found by means of the equation of 
Arrhenius. Jn the case of the highest temperature the . values 
found are in all cases somewhat lower than those required by the 
formula, since the equation holds only for a limited range. 

(3) The results show that the relative activities of the alkyl 
iodides towards sodium phenoxide are almost independent of the 
temperature. 

(4) The relative activities of the alkyl iodides may therefore be 
expressed by the relative numbers representing their velocity- 
coefficients. 

(5) The reactivities so obtained are in the following descending 
order of magnitude: ¢ert.-butyl, methyl, ethyl, propyl, sec.-butyl, 
butyl, isopropyl, sec.-amyl, hexyl, heptyl, sec.-hexyl, octyl, hexadecyl, 
sec.-heptyl, sec.-octyl, isoamyl, amyl, isobutyl. 
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XV.—The Relative Activities of Certain Organic Iodo- 
. ~ . . J 
compounds with Sodium Phenowide. Part LV. 
The Influence of the Solvent. 
By Davip SEGALLER. 


Iv is well known that the solvent has an enormous influence on 
chemical reactions generally, but up to the present comparatively 
few workers have made measurements of the velocity-coefficients 
of reactions with a view to study the effect of the medium. Prac- 
tically nothing is known of the mechanism of reactions in which 
the solvent plays an important part, and although there are one 
or two theories which attempt to account for this influence of the 
solvent, there is as yet very little experimental evidence with which 
to test these theories. We owe our most complete data probably 
to Menschutkin, who studied the rate of formation of tetraethyl- 
ammonium iodide in about twenty solvents at 100° (Zeztsch. 
physikal, Chem., 1890, 6, 41). Menschutkin also investigated the 
influence of the solvent on some other reactions, for example, the 
action of acetic anhydride on isopropyl and on isobutyl alcohol 
(ibid., 1887, 1, 611). Walden (cbid., 1908, 61, 633) measured the 
reaction-velocities between triethylamine and ethyl iodide in 
various solvents at 50°. 

It has been sought at various times to connect the change of the 
velocity-coefficients with change of the solvent in various reactions 
with some physical properties of the solvent, such as viscosity and 
dielectric constant. 

Very little evidence has been produced to enable us to connect 
the viscosities of the solvents with their influence on the rate of 
reaction. On the other hand, it is probable, as suggested by 
Thomson and Nernst, that substances with the higher dielectric 
constant would have a higher ionising power, so that if a given 
reaction takes place between ions (and this is by no means proved 
for all organic reactions) the velocity of such a reaction would be 
greater in the solvent which has the greater dielectric constant. 
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A comparison of the velocity-coefficient obtained by Menschutkin 
with the dielectric constants shows that there is a certain qualita- 
tive connexion. As shown below, the results of the measurements 
dealt with in the present paper do not support the view that 
there is any direct connexion between the influence of the solvent 
and its dielectric constant. 

Van’t Hoff (Vorlesungen, 1901, 1, 219) has put forward an 
important theory to account for the influence of the solvent. 

He supposes that the effect of the solvent is due to two factors: 
(a) a catalytic action, and (b) an action depending on the solu- 
bility relations between the reacting substances and the solvent. 
For the latter effect he deduces the equation K’/=K:°§, so that 
K’ is the product of the velocity-coefficients found and the solu- 
bility- or partition-coefficient of the reacting substances. 

A number of investigators conclude that the theory of van’t 
Hoff actually does account for the facts observed by them; thus 
Dimroth (Annalen, 1910, 377, 127) has measured the velocity 
of transformation of methyl 5-hydroxy-l-phenyl-1 : 2 :3-triazole-4- 
carboxylate into its neutral isomeride in a number of solvents at 
10°. He shows that there is no relationship between the influ- 
ence of the solvent and the dielectric constant, but that there is 
a direct connexion between the velocity of transformation of one 
isomeride into the other and their solubilities. The catalytic effect 
of the solvent is only minute. 

Von Halban (Zeitsch. physikal. Chem., 1909, 67, 129) in an 
investigation on the decomposition of triethylsulphonium bromide, 
and Bugarsky (bid., 1910, 71, 705) from experiments on the 
reaction between bromine and ethyl alcohol, both support the 
conclusions of Dimroth. 

On the other hand, Freundlich and Richards (ibid., 1912, 79, 
681) in a recent paper find no connexion between the rate of 
transformation and the solubility of chloroamylamine in piperidine 
hydrochloride. 

The present communication deals with the change of the 
reaction velocities between ethyl and propyl iodides with sodium 
phenoxide in the following solvents: methyl alcohol, ethyl alcohol, 
propyl alcohol, zsobutyl alcohol, tsoamy! alcohol, and acetone. An 
experiment was also made in ethyl alcohol, some sodium iodide 
being added to the solution. 


EXPERIMENTAL. 


The measurements of the velocity-coefficients were carried out 
as described by the author (T., 1913, 103, 1154, 1421). 

With exception of the reaction in acetone, all solutions were V/5, 
VOL. CV. I 
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and the velocity-coefficients were calculated as before. In the case 
of acetone the procedure was somewhat different. Sodium phen- 
oxide dissolves very readily in boiling anhydrous acetone, and on 
cooling long, colourless needles crystallise out, containing one 
molecule of acetone of crystallisaticn. The needles gave on 
analysis Na=13°18. C,H,;-ONa,(CH;),CO requires Na=13°22 per 
cent. 

At the temperature of the atmosphere a V/5-solution of sodium 
phenoxide is almost solid. For this reason and also on account of 
the very great rapidity of the reaction in acetone solution W/10- 
solutions were employed. 

The reaction mixture was in this case prepared at the tempera- 
ture of the thermostat in a stoppered Jena-glass bottle, and at 
various intervals of time 20 c.c. were withdrawn by means of a 
pipette also warmed to the temperature of the bath. The measure 
ment was then completed as before. The temperature of the 
thermostat was 58°5°. 


Ethyl Iodide. 


(a). Solvent: Methyl Alcohol (6). Solvent: Ethyl Alcohol 
(Zero= 19°40 c.c.). (Zero= 18°95 c.c.). 
t. a- x, EK. t. a-%. Kk. 
35 16°27 0°0283 14 16°21 0°0636 
69 14°32 0°0265 22 15°03 0°0628 
92 13°10 0°0269 38 13°12 00618 
112 12°02 0 0282 60 11°19 00619 
160 19°35 00281 90 9°22 0°0618 
K mean = 0°0276. K mean = 00622. 
(c). Solvent: Propyl Alcohol (d@). Solvent: zsoButyl Alcohol 
(Zero=18'15 c.c.). (Zero=18'25 e.¢.). 
t. &— x. K. t. a-2. K. 
50 13°39 0°0391 30 16°72 0°0167 
60 12°75 0°0389 70 14°70 0°0189 
90 11°30 0°0371 100 13°15 0°0212 
130 9°65 0°0374 130 12°92 0°0175 
147 9°00 0°0351 146 11°75 0°0191 
K mean = 0°0381. K mean = 0°0187. 


(ce). Solvent: isoAmyl Alcohol (Zero=19°50 c.c.). 


t. a—2. K. t. a-x. K. 

60 17°00 0°0125 208 13°00 0°0123 

90 15°95 0°0126 246 12°32 0°0121 
120 15°01 00128 KE mean = 0°0124. 


ra 
‘2 
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Propyl Iodide. 


(a). Solvent: Methyl Alcohol (6). Solvent: Ethyl Alcohol 
(Zero=19°'10 c.c.). (Zero = 18°30 c.c.), 
t. a-x. RK. t. a- 2. x. 

30 18°00 0°0106 50 14°90 0°0249 
60 16°85 0°0116 70 13°92 0°0245 
100 15°35 0°0126 90 12°82 0°0259 
130 14°95 0°0110 102 12°60 0 0243 
140 14°56 0°0116 117 11°95 0°0248 
K mean = 0°0115. K mean = 0 0249. 

(c) Solvent: Ethyl Alcohol (ad). Solvent: Propyl Alcohol 

(Zero=18°60c.c.). N/10-Sodium Iodide. (Zero= 18°85 c.c.). 
t. a— 2x. K. t. a— x. K. 
50 15°50 0°0215 40 16°78 0°0164 
70 14°53 0°0215 61 15°80 0°0167 
91 13°59 0°0223 100 14°62 0°0153 
115 12°40 0°0242 120 13 90 0°0161 
130 12°00 0°0227 140 13°35 0°0158 
K mean = 0°0224, K mean = 0°0161. 
(e). Solvent: zsoButyl Alcohol (f). Solvent: csoAmyl Alcohol 
(Zero =19°20 c.c.). (Zero= 19°96 c.c.). 
é. a2. K. t. a— x. K. 
70 17°30 000818 116 17°52 0°00601 
120 16°28 0°00776 158 16°96 0°00561 
150 15°80 0:00775 230 16°30 0:00489 
247 14°92 0°00829 366 14°70 0:00491 
350 12°52 0°00792 453 13°25 0°00560 
K mean = 0°00798. K mean = 000540. 
(g). Solvent: Acetone (Zero=10°50 c.c.). 
t. a-x. kK. t. a-2x. K. 
7 8°40 0°670 23 580 0°657 
12 7°50 0°634 41 4°70 0°599 
7 6°60 0°727 K mean = 0°657. 


The results obtained are summarised in the following table, 
which contains the mean values of the velocity-coeflicients for ethyl 
and propyl iodides. The third column gives the dielectric 
constants of the solvents at 20°: 


Ethyl Propyl Dielectric 

Solvent. iodide. iodide. constant. 
Methyl abechiel.cscccesssssssscsseceeeess 00276 0°0115 31'2 
Sal. 2 .adieeiinibeceanes . Sn 00249 25°8 
(Mixture containing NV/10-Nal) 0°0224 ~ 
Pag GNI 6.05: c0c0.n. essences. s008 0°0381 00161 22°2 
SUI |. ia | scthinbthescdurconcisioonsn 0°0187 0°00798 20 0 
LS are See 0°01245 0°00540 16°0 
Acetone siekesenassa teehee saneskoss — 0°657 21°5 


The results show that there is no obvious connexion between 
the influence of the solvent and its dielectric constant. It was 
12 
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to be expected that the reaction in methyl alcohol would be the 
fastest of those in the alcohols, and Menschutkin finds the reaction 
he investigated to be faster in methyl] alcohol than in ethyl alcohol. 
The values of K obtained here, however, show that the velocity 
is less in methyl alcohol than in ethyl alcohol. This fact is 
supported by Hecht and Conrad (Zeitsch. physikal. Chem., 1889, 
3, 42), who find that the rate of ether formation is less in methyl 
than ethyl alcohol. 

The following table compares the relative reactivities in the 
various solvents found in this investigation with the results of 
Menschutkin for tetraethylammonium iodide and of Hecht and 
Conrad. The value of X in methyl alcohol is taken as unity in 
each case: 


Sodium phenoxide Hecht 
and propy!] iodide. and Conrad. Menschutkin. 


Methy] alcohol .................. 1°00 1:00 1°00 
Ethyl i. eleeatidnapbiaanie 27 1°95 0°71 
UE. <<Go) Rneneivnccmcerances 1°40 -- ~ 
| GR Serer renreree 0°69 — 0°50 
[SeetE s5 <isanncscatdovenes 0°47 — a 
2. ieee 57°13 — 1°18 


The velocity in acetone solution is remarkably high. This high 
value, taken in conjunction with the small velocity in methyl 
alcohol, leads to the conclusion that the reaction considered is 
probably not one between ions. 

This conclusion is, however, difficult to reconcile with the result 
obtained when sodium iodide was added to the reaction mixture, 
the velocity-constant being thus somewhat lowered. 

An attempt to apply van’t Hoff’s equation to the results 
obtained does not give any connexion between the solubility and 
the influence of the solvent; the product of the solubilities of 
sodium phenoxide and of ethyl iodide in the alcohols varies only 
to a slight extent, and not at all in consonance with the large 
variations in the velocity-coefficients, The réle of the latter must 
therefore be assumed to be catalytic. 

In connexion with the above results a slight modification might 
be suggested in the preparation of phenol ethers. 

The usual laboratory methods for the preparation of anisole, 
phenetole, etc., require several hours’ heating. The very high 
reaction-velocity in acetone solution suggested the preparation of 
these substances in acetone solution. Sodium phenoxide (1 mol.) 
was dissolved in boiling acetone, and methyl iodide (1} mols.) 
added. The mixture was boiled under reflux for fifteen minutes, 
and the oil separated in the usual way. A yield corresponding 
with 95 per cent. of the theoretical was obtained. The method 
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was also tried for the preparation of phenetole and of phenyl 
hexadecyl ether with the same results. 


General Conclusions. 


(1) The solvent medium has a considerable influence on the 
velocity of reaction between alkyl iodides and sodium phenoxide. 

(2) There is no relationship between the influence of the solvent 
and its dielectric constant. 

(3) The connexion between the solubility relations and the 
influence of the solvent suggested by van’t Hoff does not hold in 
this reaction, and it is to be assumed that the réle of the solvent 
is that of @ catalyst. 

(4) The results obtained indicate that the reaction is not 
“ionic.” 


The author desires to express his thanks to the Research Fund 
Committee of the Chemical Society for a grant which has helped 
to defray the expenses of this investigation. 
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XVI.—Constitution of the ortho-Diazoimines. Part IV. 
Isomeric Benzenesulphonyl-3 : 4-tolylenediazoimides. 


By GitBert T. Morcan and Goprrey Epwarp Scuarrr. 


In a recent communication (T., 1913, 103, 1394) it was demon- 
strated that the isomerism of the two so-called a- and f-acetyl-3 : 4- 
tolylenediazoimides is of a structural nature, and due to differences 
in the orientation of the double linking and acetyl group in the 
isotriazole ring. The preparation of a similar pair of isomeric 
benzoyl-3 :4-tolylenediazoimides showed, moreover, that the exist- 
ence of these isomerides is not dependent on the specific character 
of the acyl group present. The four acylated ortho-diamines from 
which these two pairs of isomeric diazoimides were prepared undergo 
condensation very readily, passing into ethenyl and benzenyl 
anhydro-bases respectively, On this account it was difficult to 
diazotise these bases quantitatively. 

Two isomeric acylated ortho-diamines have now been prepared, 
which, being free from this tendency to condensation, can be con- 
verted without loss into their corresponding diazoimides. These 
bases, 4-benzenesulphonyl-3 :4-tolylenediamine (formula II) and 
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3-benzenesulphonyl-3 : 4-tolylenediamine (formula V), on treatment 
with nitrous acid give rise respectively to 4-benzenesulphonyl-3 : 4- 
tolylenediazoimide (formula III; m. p. 118—119°) and 3-benzene- 
sulphonyl-3 : 4-tolylenediazoimide (formula VI, m. p. 150—151°). In 
each case the product, which is obtained in quantitative yield, 
consists of one isomeride only. As regards the orientation of its 
substituents, the former of these diazoimides corresponds with 
Zincke and Lawson’s less fusible a-acetyl-3 : 4-tolylenediazoimide 
(Annalen, 1887, 240, 119), and the latter isomeride with the more 
fusible B-acetyl-3 :4-tolylenediazoimide. In the present instance it 
is of interest to note that the fusibility is reversed, the B-(or 3-ben- 
zenesulphonyl)compound being the less fusible. The more fusible 
a-(or 4-benzenesulphonyl)isomeride is a labile modification, and on 
prolonged boiling in benzene or alcoholic solution it is transformed 
almost entirely into the less fusible B-isomeride. A similar example 
of isomeric change in this series of compounds has already been 
noticed in the case of 1-benzenesulphonyl-4-bromonaphthylene-2- 
diazo-l-imide, which, under comparable conditions, becomes con- 
verted into 2-benzenesulphony!-4-bromonaphthylene-1-diazo-2-imide 
(T., 1910, 97, 1705). In both instances the more fusible and more 


soluble diazoimide changes into its less fusible and less soluble — 


isomeride. 


In the case of the acetyl-3 : 4-tolylenediazoimides prolonged boiling . 


of either isomeride in alcoholic solution leads to an equilibrium 


mixture of the two compounds. 
The production of the isomeric benzenesulphony]l-3 : 4-tolylene- 
diazoimides is summarised in the following diagram: 


CH, CH, CH, 
fm AS /\ 
i aia eS ee \ NIN 
(Hg | 
NH SO,Ph NH SO,Ph \_.N-80,Ph 
(1.) (II.) (III.) a-Isomeride 
(m. p. 118—119°). 
| A 
a 
CH, CH, CH, 
a en 
.NH-SO,Ph NH-SO,Ph —N-SO,Ph 
i . \Z ’ \Z ’ 
NO, NH, \w: N 
(IV.) (V.) (VI.) B-Isomeride 


(m. p. 150—151°). 
The parent nitro-base of the lower series of compounds is 4-nitro- 
3-toluidine (m. p. 111—112°), and these experiments have inci- 
dentally afforded an opportunity of establishing the identity of the 
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nitro-base produced from m-toluidine and diacetyl-2:5-tolylene- 
diamine with the preparation obtained from m-cresol by Stidel 
and Kolb (Annalen, 1890, 259, 224), who gave the melting point 
as 109°, 


EXPERIMENTAL, 
4-Benzenesulphonyl-3-nitro-p-toluidine (Formula I). 


Molecular proportions of 3-nitro-p-toluidine, benzenesulphonic 
chloride, and triethylamine dissolved in benzene were heated in a 
reflux apparatus for two hours. The solvent was evaporated, the 
residue extracted with W-sodium hydroxide, and the filtered solution 
acidified with hydrochloric acid. The precipitate was purified by 
successive crystallisations from petroleum (b. p. 80—100°) and 
benzene. The substance separated either in transparent, amber- 
coloured prisms or in colourless, acicular prisms, both modifications 
melting at 101—102°: 

0°1954 gave 0°1576 BaSO,. S=11°07. 

C,3;H,,0,N,S requires S=10°96 per cent. 

In preparing 4-benzenesulphony]-3-nitro-p-toluidine by the above 
process it was found that a residue of unchanged 3-nitro-p-toluidine 
was left after extracting the crude product with aqueous sodium 
hydroxide. Accordingly, the condensation in dry toluene was 
repeated at 140° in sealed tubes, when the reaction went to com- 
pletion and a good yield of the acyl derivative was obtained. This 
substance behaved as an acid, decomposing carbonates, and yielding 
yellow, soluble alkali salts. 


4-Benzenesulphonyl-3 : 4-tolylenediamine (Formula II). 


The foregoing nitro-compound (10 grams), suspended in warm 
water (200 c.c.) acidified with 2 c.c. of glacial acetic acid, was 
reduced by the gradual addition of iron filings (10 grams). After 
boiling for thirty minutes the solution was neutralised with calcium 
carbonate, filtered hot, and the filtrate acidified with acetic acid. A 
bulky, white precipitate was obtained, which was purified by crystal- 
lisation from water or from benzene and petroleum. The substance 
separated from the former solvents in colourless, felted needles, and 
from the latter in sheaves of lustrous, colourless, silky needles, 
melting at 146—147°: 

0°1240 gave 11°3 c.c. N, at 20° and 757 mm. N=10°43. 

C,3;H,,O.N,S requires N=10°69 per cent. 

The acylated diamine was readily soluble in alcohol, but only 
sparingly so in light petroleum; it was amphoteric, decomposing 
carbonates, and forming salts with either bases or mineral acids, 
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4-Benzenesul phonyl-3 : 4-tolylenediazoimide (Formula III). 


The preceding base (1 gram), dissolved in 10 c.c. of 2N-hydro- 
chloric acid, yielded forthwith a precipitate of the sparingly soluble 
hydrochloride, separating in colourless leaflets. The mixture, diluted 
to ten times its bulk, was treated at the ordinary temperature with 
6 c.c. of N-sodium nitrite, when the diazoimide separated as a 
curdy precipitate. As this product is practically insoluble in cold 
water, the experiment was repeated quantitatively, when 1 gram of 
diamine yielded 1:02 grams of diazoimide, melting at 115°, the 
calculated amount being 1°04 grams. 

After two rapid crystallisations from alcohol or from petroleum 
(b. p. 80—100°) the diazoimide crystallised in glistening, colourless, 
acicular prisms, showing cruciform twinning, and melting at 
118—119°. A mixture with the isomeric 3-benzenesulphonyl-3 : 4- 
tolylenediazoimide melted at 105—108°: 


0°1374 gave 17°8 c.c. N, at 19° and 767 mm. N=15'23. 
071322 ,, 0°1130 BaSO,. S=11°74. 
C,3H,,0,N,8 requires N=15°38; S=11°72 per cent. 

4-Benzenesul phonyl-3 : 4-tolylenediazoimide is much more soluble 
than its isomeride (formula VI), but when its solutions in alcohol, 
benzene, or petroleum are boiled for some time transformation into 
the less soluble isomeride takes place, the product crystallising out 
in the long, glistening prisms characteristic of 3-benzenesulphony]l- 
3:4-tolylenediazoimide. The transformation product melted at 
148—149°, and its mixture with 3-benzenesulphony]l-3 : 4-tolylene- 
diazoimide melted at the same temperature. A sulphur estimation 
in the transformation product gave S= 12°30, the calculated amount 
for a purely isomeric change being 11°72 per cent. This result 
shows that in the present instance the transformation takes place 
without any elimination of the benzenesulphonyl group. In the case 
of the pair of naphthalenoid diazoimides already cited (T., 1910, 
ibid.), traces of moisture or other impurities promote hydrolysis, so 
that the product of the change is a mixture of stable benzene- 
sulphonyldiazoimide and the corresponding diazoimine. 


Preparation of 4-Nitro-m-toluidine. 


The melting point of 4-nitro-m-toluidine was given as 109° by 
Staédel and Kolb (loc. cit.), who prepared it from m-cresol, and as 
110—110°5° by Cohen and Dakin, who obtained it from aceto-m- 
toluidide (T., 1903, 83, 333). The latter melting point corresponded 
with that obtained for the product (m. p. 111—112°) prepared 
from diacetyl-2 :5-tolylenediamine (T., 1913, 103, 1399). In order 
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to confirm the identity of these preparations the base employed 
in the following experiments was obtained partly from mz-cresol 
and partly from m-toluidine. Both preparations after repeated 
crystallisation from petroleum (b. p. 80—100°) melted at 111—112°, 
and the mixed melting point showed no depression. 

(1) From m-Cresol.—Stadel and Kolb’s method of nitration 
(loc. cit.) was adopted, and the required 4-nitro-m-cresol separated 
from 6-nitro-m-cresol by distillation in steam. The volatile nitro- 
compound was dissolved in alcohol, and treated with the calculated 
amount of alcoholic sodium ethoxide. The precipitated scarlet 
sodium salt, washed with ether until free from alcohol, was dissolved 
in water and decomposed with silver nitrate. The dark red silver 
4-nitro-m-tolyloxide was washed with ether, thoroughly dried, and 
mixed with excess of ethyl iodide. An exothermic change occurred, 
which was moderated by the addition of dry ether. The mixture 
was then boiled in a reflux apparatus for twelve hours, and the 
silver iodide repeatedly extracted with ether. The collected filtrates 
were evaporated to remove ether, when the residue solidified to a 
crystalline mass of 4-nitro-m-tolyl ethyl ether (m. p. 50—51°). It 
was found necessary to avoid the presence of alcohol in preparing 
the above silver salt, as this solvent has a marked reducing action 
on the metallic compound. 

The 4-nitro-m-tolyl ethyl ether (5 grams) was heated for twelve 
to eighteen hours at 190—200° with 10 c.c. of alcohol and 10 c.c. of 
aqueous ammonia (D 0°88). After evaporating to dryness, the 
residue was extracted repeatedly with concentrated hydrochloric 
acid. The diluted filtrate was rendered ammoniacal, and the pre- 
cipitated 4-nitro-m-toluidine crystallised from light petroleum. 

(2) From m-Toluidine——Recrystallised aceto-m-toluidide (20 
grams) was dissolved in 24 c.c. of glacial acetic acid, and treated 
successively with 74 c.c. of nitric acid (D 1°42) and 40 c.c. of con- 
centrated sulphuric acid. The solution was cooled if necessary, so 
that the temperature did not exceed 30°, and after several hours 
was poured on to ice; the nitrated product, which separated as a 
yellow, crystalline precipitate, was recrystallised from alcohol. The 
purified material suspended in 20 parts of boiling water acidified 
with acetic acid, was reduced with iron filings. After boiling for 
thirty minutes and then adding calcium carbonate, the filtrate, 
acidified with acetic acid, was concentrated to a small bulk, treated 
with acetic anhydride, and the evaporation completed. The crude 
diacetyl-2 :5-tolylenediamine was crystallised from hot water, and 
nitrated in glacial acetic acid by the successive addition of half its 
weight of nitric acid (D 1°42) and the same amount of concentrated 
sulphuric acid. Hydrolysis of the nitrated product with alcohol 
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and concentrated hydrochloric acid in equal volumes furnished 
4-nitro-2 :5-tolylenediamine (m. p. 173°). The conversion of this 
diamine into 4-nitro-m-toluidine was carried out as in the previous 
communication (Joc. cit.), but in such a manner as to obtain a 
complete diazotisation to the monodiazonium salt. The diamine 
(3 grams), suspended in 10 c.c. of glacial acetic acid saturated with 
hydrogen chloride, was treated with dry sodium nitrite in slight 
excess. The orange-yellow hydrochloride changed in colour to olive- 
green, and then to light brown, the diazonium chloride being almost 
completely dissolved. Dry ether was now added, and the precipi- 
tated diazonium salt, which is very sensitive to light, was rapidly 
collected, washed with ether, suspended in absolute alcohol, and the 
mixture boiled so long as the odour of acetaldehyde was noticeable. 
After evaporating nearly to dryness, the residue was rendered 
ammoniacal, and the precipitated base crystallised from petroleum 
(b. p. 80—100°), being thus obtained in orange-yellow spicules 
(m. p. 111—112°). The yield was 60—70 per cent. on the weight 
of 4-nitro-2 :5-tolylenediamine. 


3-Benzenesul phonyl-4-nitro-m-toluidine (Formula IV). 


4-Nitro-m-toluidine dissolved in dry toluene was heated for five 
hours at 130—140° in sealed tubes with rather more than the 
calculated quantities of benzenesulphonyl chloride and _ triethy]l- 
amine. The product was extracted with alcohol, the volatile 
solvents evaporated, and the residue warmed with excess of 
N-sodium hydroxide. The alkaline filtrate acidified with hydro- 
chloric acid gave a precipitate of 3-benzenesulphonyl-4-nitro-m- 
toluidine, which was crystallised from benzene, and separated in 
dog-toothed prisms melting at 137—138°: 


0°1532 gave 0°1240 BaSO,. S=11°11. 
C,3H,,0,N,8 requires S=10°96 per cent. 


This benzenesulphonyl derivative dissolved readily in alcohol, 
and was sparingly soluble in petroleum (b. p. 80—100°), crystal- 
lising therefrom in fern-like aggregates of transparent, yellow 


prisms, 


3-Benzenesulphonyl-3 : 4-tolylenediamine (Formula V). 


The preceding nitro-compound was reduced like its isomeride, and 
after removing iron oxide the product separated from the acidified 
filtrate in colourless, felted needles. Crystallisation from benzene 
or petroleum (b. p. 80—100°) gave silky, colourless needles, melting 
at 134—135°: 
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0°0963 gave 9°5 c.c. Ny at 16° and 748 mm. N=11°40. 
C,3H,,0.N,8 requires N=10°69 per cent. 


This acylated diamine is amphoteric, forming salts with either 
bases or acids. The acid salts serve to separate it from unchanged 
3-benzenesulphony]-4-nitro-m-toluidine (m, p. 137—138°), which is 
less readily reduced than its isomeride (m. p. 101—102°). 


3-Benzenesul phonyl-3 : 4-tolylenediazoimide (Formula V1). 


3-Benzenesulphony1-3 :4-tolylenediamine (1 gram) was added. to 
10 c.c. of N-hydrochloric acid, when the sparingly soluble hydro- 
chloride separated in colourless, nacreous leaflets. The solution 
diluted ten-fold was treated at the ordinary temperature with 
NV-sodium nitrite, when the diazoimide separated immediately as a 
curdy precipitate, the yield being quantitative. The dried product 
(m. p. 147°) was crystallised from alcohol, in which it is much less 
soluble than its isomeride ; it separated in lustrous, colourless prisms 
often more than 1 cm. in length, and melted at 150—151°: 


0°1346 gave 18 c.c. N, at 15° and 758 mm. N=15°71. 
0°0983 ,, 0°0862 BaSOQ,. S=12°04. 
C,3H,,0,N,8 requires N=15°38; S=11°72 per cent. 
3-Benzenesulphonyl-3 : 4-tolylenediazoimide crystallised from 
benzene in lustrous, tabular prisms; its mixed melting point with 
the isomeric 4-benzenesulphony! -3 : 4-tolylenediazoimide -was 
105—108°. 

When warmed to 80°, both the isomeric benzenesulphonyl-3 : 4- 
tolylenediazoimides manifest an odour resembling that of liquorice. 
In this respect they resemble the isomeric acetyl-3: 4-tolylenediazo- 
imides. 


The authors desire to express their thanks to the Research Grant 
Committee of the Royal Society for a grant which has partly 
defrayed the expenses of this investigation. 
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XVII.—Derivatives of p-Iodoaniline. 
By Freperick Daniet Cuattaway and ALFRED BERTIE CONSTABLE. 


Tae ease with which chlorine and bromine substitute aromatic 
amines has led to a very complete knowledge of the simpler 
derivatives which they form, but very few of the corresponding 
iodine compounds have been prepared on account of the difficulty of 
effecting iodine substitution, and the readiness with which the iodo- 
anilines decompose. 

The action of iodine on aniline was naturally examined when the 
latter compound began to attract attention towards the middle of 
last century, and Hofmann (Annalen, 1848, 67, 61; Chem. News, 
1864, 9, 163) thus obtained a product which, however, he did not 
isolate in a pure state. In spite of the attempts of Rudolph (Ber., 
1878, 11, 78), who obtained a mixture of mono- and di-iodoaniline 
by the action of iodine on phenylated white precipitate, and of 
Comstock and Kleeberg (Amer. Chem. J., 1890, 12, 493), who 
prepared p-iodoformanilide by the action of iodine on silver form- 
anilide, little progress was made by the use of the element itself, 
and it was not until iodine chloride was employed that an iodo- 
aniline was obtained in satisfactory amount by direct substitution. 

Brown (Phil. Mag., 1854, [iv], 8, 201) appears to have been the 
first to employ iodine chloride as a substituting agent, although 
he only tried its action on some complex vegetable acids. Stenhouse 
(T., 1864, 17, 327), much later, allowed it to act on aniline itself, 
and naturally obtained a black tarry product, from which nothing 
could be isolated in a pure state. Michael and Norton (Ber., 
1878, 2, 107) were the first to employ the reagent satisfactorily. 
They led the vapour of iodine monochloride into a solution of 
acetanilide in glacial acetic acid, and obtained thus a solution of 
p-iodoacetanilide. They also obtained in a similar manner from 
aniline itself a cark-coloured product, from which 2: 4-di-iodo- 
and 2: 4: 6-tri-iodo-aniline were isolated. 

Our knowledge of the subject beyond this point is very scanty, 
and is confined to a few isolated anilides, some obtained as by- 
products. Thus Dyer and Mixter (Amer. Chem. J., 1886, 8, 349) 
found that iodine had no action on oxanilide dissolved in glacial 
acetic acid, but that on adding concentrated nitric acid, violent 
action ensued, and a di-iodo-oxanilide was formed to a small extent. 

In this paper the conditions necessary to obtain a good yield of 
p-iodoacetanilide, and to prepare from it p-iodoaniline, are given. 
A number of the simpler derivatives obtainable from the latter are 


also described. 
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Preparation of p-Iodoacetanilide, IK NH-CO-CH, 


For this purpose it is best to employ iodine monochloride dis- 
solved in acetic acid. Such a solution is conveniently prepared by 
the action of chlorine on finely powdered iodine suspended in glacial 
acetic acid. The following procedure gives a good result. Finely 
powdered iodine (127 grams) is added to glacial acetic acid (150 
e.c.), and chlorine is passed through the suspension, the latter 
being well shaken until the appearance of small, orange-coloured 
crystals of iodine trichloride, which fall as a sandy precipitate, 
shows that all the iodine has been converted into iodine mono- 
chloride. The solution must now be thoroughly shaken with 
sufficient finely powdered iodine to react with the small quantity 
of the trichloride formed, and when this completely disappears the 
solution is ready for use. 

To 135 grams of acetanilide in 150 c.c. of glacial acetic acid a 
solution of iodine monochloride, prepared as above, containing 
127 grams of iodine, is added with continual agitation. Some 
heat is developed, and a dark brown solution is formed, which 
remains clear for a few moments, but as the reaction proceeds 
p-iodoacetanilide crystallises out. After twelve hours two litres 
of water are added to precipitate the anilide. This is collected, 
washed with water and then with dilute alkali, and finally 
crystallised from about 400 c.c. of alcohol. After three crys- 
tallisations the p-iodoacetanilide is obtained in large, colourless 
rhombs, melting at 184°. The yield is about 90 per cent. of the 
theoretical. In these circumstances the iodine alone substitutes, 
the chlorine combining with the displaced hydrogen, and not sub- 
stituting to any recognisable extent. 


Preparation of p-Lodoaniline, | . mn H,. 


p-lodoaniline is best obtained from the acetyl compound by 
hydrolysing the latter with alcoholic sodium hydroxide. One 
hundred grams of p-iodoacetanilide (1 mol.) are added to a solution 
of 30 grams (2 mols.) of sodium hydroxide in 500 c.c. of alcohol, 
and the mixture is boiled gently for twelve hours. On pouring the 
cooled mixture into three or four times its bulk of water, the 
aniline separates. p-Iodoaniline, when obtained in this way, is 
nearly pure, but has a slight brown colour. This may be removed 
by crystallisation from alcohol, in which the aniline is very soluble, 
or by distillation in a current of steam. When pure it is colourless, 
and melts at 61—62°. It may be heated for some time to 190° 
without decomposition, but if heated above 200° it decomposes. 
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p-Iodopropionanilide, IK \NH-CO0-0,H,. 

This compound is formed with considerable evolution of heat 
when p-iodoaniline is added to an equivalent quantity of propionic 
anhydride. It crystallises in two polymorphic forms. When a 
solution in alcohol is cooled a liquid is obtained, which, on being 
touched with a glass rod, deposits an unstable modification; this 
separates in minute, colourless needles, forming a felted mass. In 
a few minutes the unstable form transforms into the stable modifi- 
cation, the felted mass crumbling away, and the stable form falling 
to the bottom of the beaker as a shower of small, granular crystals: 

0°2101 gave 0°1787 AgI. I=45°97. 

C,H,,ONI requires I=46°15 per cent. 


Benzo-p-todoanilide, it __NH-CO-C,H,, 

This compound is easily prepared by the action of benzoyl chloride 
on piodoaniline in the presence of dilute aqueous potassium 
hydroxide. It crystallises from alcohol in colourless prisms, melting 
at 222°: 

0°2144 gave 0°1573 AgI. I=39°65. 

C,3H,,ONI requires I=39°29 per cent. 


NO, 


o-Witrobenzo-p-iodoanilide, kK YN H cog > 


This crystallises from alcohol, in which it is very sparingly soluble, 
in long, thin prisms, with a faint yellow tinge, melting at 208°: 
0°2646 gave 0°1681 AgI. I[=34°34 per cent. 
C,;H,O,N,I requires I1=34-48 per cent. 


m-Nitrobenzo-p-iodoanilide. 
This derivative crystallises from alcohol in long, pale yellow 
prisms, which melt at 202°: 


0°2115 gave 0°1344 AgIl. I=34°35. 
C,3H,O;N,I requires I=34°48 per cent. 


p-Nitrobenzo-p-todoanilide. 


This substance is even less soluble in alcohol than the correspond- 
ing meta-compound. It crystallises in very slender, pale yellow, 
needle-shaped crystals, melting at 269°: 
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0°2069 gave 0°1315 AgI. I=34°35. 
C,;H,O,NoI requires I=34°48 per cent. 


The nitrobenzo-p-iodoanilides are best prepared by grinding 
together equivalent quantities of the corresponding nitrobenzoyl 
chlorides and p-iodoaniline, moistening with a little ether to 
facilitate interaction, and adding a concentrated solution of sodium 
carbonate from time to time until, on keeping, the liquid remains 
definitely alkaline. 


Phenylaceto-p-iodoanilide, IK NH-CO-CH,'C,H,, 


This compound is obtained by the action of phenylacetyl chloride 
on p-iodoaniline dissolved in ether in the presence of an equivalent 
amount of pyridine; it crystallises from alcohol, in which it is 
moderately soluble, in small, needle- shaped crystals, melting at 
200° : 


0°2265 gave 0°1562 AgI. I=37°27. 
C,,H,,ONI requires I=37°65 per cent. 


p-lodophthalanil, 1 _F<S0 °>0,H, 


This substance is easily ‘tient heating together a mixture 
of equivalent quantities of piodoaniline and phthalic anhydride to 
about 180°. It is very sparingly soluble in alcohol, and sparingly 
so in glacial acetic acid. It crystallises from the latter in long, 
slender, colourless prisms, melting at 235°. The compound originally 
prepared by Gabriel (Ber., 1878, 11, 2261) was evidently not suffi- 
ciently purified, as he gives 227—-228° as its melting point. 
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This compound, prepared from Pheer (Neufeld, 
Annalen, 1888, 248, 98), crystallises from alcohol, in which it is 
sparingly soluble, in deep garnet-red prisms, which melt and 
decompose at 196°: 


0°2120 gave 0°1355 AgI. I=34:54. 
C,3;H,yO,NsI requires [= 34°58 per cent. 
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m-Nitrobenzaldehyde-p-iodo phenylhydrazone. 


This compound is sparingly soluble in alcohol, giving a deep 
orange-coloured solution, from which it crystallises in clusters of 
small, bright, scarlet prisms, melting and decomposing at 148°: 

0°2059 gave 0°1326 AgI. I=34°81. 

C,3H,yO,N3I requires I= 34°58 per cent. 


p-Nitrobenzaldehyde-p-iodophenylhydrazone. 


This crystallises from alcohol in slender, garnet-red prisms, which 
melt and decompose at 158°: 
0°2363 gave 0°1517 AgI. I=34°70. 
Ci3H,,O2.NsI requires I=34°'58 per cent. 


Cinnamaldehyde-p-iodo phenylhydrazone, 


K SNEGN:CH- CH:CH-C,H,. 


This compound pe ie from alcohol in bright yellow needles, 
which melt and decompose at 140°: 

0°2049 gave 0°1379 AgI. I=36°37. 

C,;H,3N,I requires 1=36°46 per cent. 
4-p-Iodobenzeneazophenol, i - YN: NC don, 

This azo-compound was obtained by ails diazotised p-iodo- 
aniline with phenol in alkaline solution. It crystallises from alcohol 
in light, golden-brown plates, melting at 172°, which, when dry, 
appear maroon coloured with a golden-yellow lustre: 


0°2009 gave 0°3450 Agi. I=39°01. 
C,,H,ON,I requires [=39°17 per cent. 


4 
4 a \ 
p-Lodobenzeneazo-B-naphthol, IK DN NC 


This compound was similarly prepared from A-naphthol. It is 
only very sparingly soluble in boiling alcohol, but is moderately 
soluble in boiling acetic acid, from which it crystallises in dark red 
prisms with a greenish, metallic lustre, melting at 178°: 

0°1941 gave 0°1213 AgI. I=33°78. 

C,,H,,ON,I requires I=33°93 per cent. 
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p-lodoaniline reacts readily with ethyl or methyl chloroformate to 
form the corresponding carbanilate. The reaction is best carried 
out by mixing an equivalent amount of the chloroformate with the 
aniline dissolved in a little dry ether, and, when the vigorous action 
has moderated, adding enough pyridine to combine with the 
hydrogen chloride formed, then driving off the ether by heating 
for a short time on the water-bath. After thoroughly washing the 
product with dilute hydrochloric acid, it is recrystallised from 
alcohol. 


Ethyl p-Iodophenylcarbamate, 1 NH-CO,-C,H, 


This ester crystallises from ‘alcohol, in which it is very soluble, in 
slender, colourless, prisms, melting at 117°: 


0°1943 gave 0°1570 AgI. I=43°67. 
CyH,,0,NI requires [=43°61 per cent. 


Methyl p-Iodophenylcarbamate, 1{ NH-CO,CH, 


This crystallises from alcohol in colourless plates or long, flattened 
prisms, which melt at 142°: 


0°1610 gave 0°1371 AgI. E=46°03. 
C,H,O,NI requires [=45°82 per cent. 


p-lodoaniline also reacts readily with ethyl oxalate or ethyl 
malonate when the substances are heated together, forming the 
corresponding anilic esters or anilides. The anilic ester or anilide 
is obtained in greater amount, eccording as the ester or the aniline 
is in excess. They can easily be separated, as the anilides are 
almost insoluble in alcohol. 


Ethyl p-Iodo-oxanilate, K YN H-CO-CO,:C,H;. 


This ester is almost exclusively formed if piodoaniline (1 mol.) 
is heated for about ten minutes to 170° with five times its weight 
(8 mols.) of ethyl oxalate. It crystallises from boiling alcohol, in 
which it is moderately soluble, in colourless, crystalline plates, 
melting at 153°: 

0°1678 gave 0°1238 AgI. I=39°88. 

C,9H,,O;NI requires [=39°78 per cent. 


s-Dt-p-iodomalonanilida I~ _)N H-CO*CH,-CO-N HCL 
p-lodoaniline (1 mol.) was dissolved in three times its weight of 

ethyl malonate (4 mols.), and the liquid heated to 170° for ten 
VOL. CV. K 
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minutes. On diluting the hot liquid with alcohol and cooling, 
s-di-p-iodomalonanilide separates. A yield of 20 per cent. of the 
theoretical, calculated from the weight of aniline used, was obtained. 
It crystallises from boiling glacial acetic acid, in which it is sparingly 
soluble, in slender, colourless needles, melting and decomposing at 


267°: 


0°2009 gave 0°1861 AgI. I=50°07. 
C,;H,,0,N.I, requires I=50°17 per cent. 


Ethyl p-Iodomalonanilate, re SNH-CO-CH,"C0,"C,H,. 
This compound was deposited by the filtrate from the previously 
described compound, after concentration. A yield of about 50 per 
cent. of the theoretical, calculated from the weight of aniline used, 
was obtained. It crystallises from boiling alcohol, in which it is 
readily soluble, in colourless, crystalline plates, melting at 120°: 


(2394 gave 0°1690 AgIl. I=38'15. 
C,,H,,O,NI requires I=38'11 per cent. 

It has been shown by Chattaway that when carbamide is heated 
with any arylamine, ammonia is eliminated, and a monoaryl- and 
a s-diaryl-carbamide are produced, the former or the latter being 
obtained in preponderating amount according as the carbamide or 
the base is present in excess. p-Iodoaniline reacts with carbamide 


as do other arylamines. 
s-Di-piodophenylcarbamide kK 7 SNH-CON H 4 BD: 


p-lodoaniline (1 mol.) was mixed with carbamide (7 mols.), and 
the mixture heated on an oil-bath at 180° until ammonia ceased to 
be freely evolved. The light brown solid thus produced was 
powdered and extracted first with water and then with boiling 
alcohol. The residue, which consisted of s-di-p-iodophenylcarbamide, 
amounted to 60 per cent. of the theoretical obtainable from the 
aniline used. s-Di-p-iodophenylcarbamide is insoluble in alcohol, 
and almost insoluble in glacial acetic acid, but is moderately soluble 
in boiling nitrobenzene, from which it crystallises in small, colour- 
less, needle-shaped crystals, which remain unmelted at 350°. (Found, 
[=54°81. C,3;H,ON,I, requires I=54°71 per cent.) 

This compound was first obtained by Vittenet (Bull. Soc. chim., 
1899, [iii], 21, 305) by heating pivodoaniline with a solution of 
carbonyl chloride in toluene. 
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p-Lodophenylcarbamide, Ke SNH-CO-NH,. 


This compound is deposited by the alcoholic extract from the 
product previously described after concentration. It is readily 
soluble in boiling alcohol, and crystallises from this solvent in 
colourless plates, which remain unmelted at 300°: 

0°2330 gave 02089 Agl. [=4846. 

C,H,ON,I requires [=48°44 per cent. 
Usiverstry CHemMicaL LABORAORY, 
OXFORD. 


XVIIL.—The Distillation of Coal in a Vacuum. 
By Maurice Joun Burcess and Ricuarp VERNON WHEELER. 


In the course of an investigation into the nature of coal, the effect 
has been tried of distillation at different temperatures and under 
different conditions. Some account of the results obtained has 
already been communicated to the Society (T., 1910, 97, 1917; 
1911, 99, 649; 1913, 108, 1704). In the earlier stages of this 
investigation, during the year 1909, distillations of coal were 
made at low temperatures in a high vacuum, the main object being 
to examine the liquid products. The gaseous products of distilla- 
tion in a vacuum were also studied, and the results obtained form 
the subject of the present paper. 

It has already been shown that as the temperature of distillation 
of coal is increased from 500° to 1100° the percentage of hydrogen 
in the gases evolved increases, whilst the percentages of methane 
and ethane decrease, a decomposition point, marked by a rapid 
evolution of hydrogen, occurring at about 750°. Below 450° it 
was stated (loc. cit.) that “ethane, propane, and, probably, higher 
members of the paraffin series form a large percentage of the 
gases evolved.” 

When coal that has been finely pulverised and thoroughly dried 
in air at 107° is exhausted at room temperature, “ occluded ” 
gases in small quantity can be pumped off. These gases, unlike the 
occluded gases that can be obtained, sometimes in large volume, 
from newly-won, undried coal, consist largely of carbon dioxide 
and carbon monoxide. 

On raising the temperature of the coal during exhaustion, the 


succession of events is as follows: 
K 2 
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Occluded or “condensed” gases (unextractable at atmospheric 
temperature) continue to be removed in small quantity up to 150° 
or 200°. These gases are mainly the paraffin hydrocarbons, the 
higher members predominating. 

At about 200° there is a copious evolution of water (small quan- 
tities of gas being also evolved), and water continues to make its 
appearance at successive stages in the distillation up to 450°—the 
highest temperature employed in this series of experiments. This 
water, as has been pointed out in a previous paper, must be water 
of constitution. The gases evolved during the period of most 
rapid formation of water contain a high percentage of the oxides 
of carbon. 

Between 200° and 300° decomposition occurs of some sulphur- 
containing organic compound, for the gases evolved during that 
period contain a considerable proportion of hydrogen sulphide 
and tarnish mercury. This decomposition, which begins at about 
270°, is practically completed at 300°. Simultaneously with the 
hydrogen sulphide the gases contain a considerable proportion of 
the higher olefines, the evolution of which does not, however, cease 
or fall off until a temperature of 350° is reached. 

Liquids other than water begin to distil at about 310°, at which 
temperature a thin, reddish-brown oil appears. There is no 
marked evolution of gas at this temperature, and it seems probable 
that the oil is not necessarily a product of decomposition, but may 
be liquated out of the coal conglomerate. 

A decomposition point occurs at about 350°, there being then 
a rapid evolution of gas and much viscid oil formed. Decomposi- 
tion then continues with increasing rapidity as the temperature is 
raised. 

The mixtures of gases evolved at the different temperatures are 
very complicated, containing as they do hydrogen sulphide, carbon 
dioxide, ethylene and the higher olefines, carbon monoxide, 
hydrogen, and the paraffin hydrocarbons up to and including 
pentane. 

The presence or absence of benzene vapour could not be 
definitely established owing to the difficulty there is in estimating 
it separately from the higher olefines*; but neither benzene nor 
its homologues could be detected in the liquid products of distilla- 
tion in a vacuum up to 450°, so that the presence of the vapours 
amongst the gaseous products is extremely doubtful. 


* In the analysis of these mixtures of gases the reagent used for estimating benzene 
together with the higher olefines, separately. from ethylene, was concentrated 
sulphuric acid (D 1°84). Treatment for a short time with this reagent (the density 
of which was wrongly stated to be 1°9 in a previous paper) removes benzene and the 
higher oletines together, leaving ethylene practically untouched. 
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Of the paraffin hydrocarbons, besides methane and ethane, 
propane and butane were isolated by fractionation with liquid air 
and solid carbon dioxide dissolved in ether, and the presence of 
pentane established by explosion analysis. 

It is impossible in a mixture of more than two of the members 
of the paraffin series to calculate the percentage of each constitu- 
ent present, but on explosion with excess of air the value of the 
ratio C/A (contraction on explosion : absorption by potassium 
hydroxide, that is, carbon dioxide formed) gives some indication 
of their nature; thus the value of the ratio is for methane 2°00 
and for ethane 1°25, so that if a mixture of the paraffins gives on 
explosion analysis a ratio (’/A lying between 2°00 and 1°25, it is 
generally safe to say that both methane and ethane are contained 
in the mixture, and it is usual to calculate the analysis on the 
assumption that no higher member is present. It must be borne 
in mind, however, that the same analytical results are given on 
explosion by a mixture of equal volumes of methane and propane 
as by pure ethane. 

A method of calculation which gives, perhaps, a better idea of 
the nature of the gases present than does the ratio C/A is based 
on the following considerations : 

M volumes of any mixture of paraffin hydrocarbons contain 
m CH, groups and nm CH, groups (in the case of methane n=0). 
The carbon in the mixture of paraffins is equal to the carbon 
dioxide produced on explosion (is equal to the absorption, A, by 
potassium hydroxide after explosion); and if the letter C be taken 
to represent the contraction on explosion, the hydrogen in the 
mixture of paraffins is given by the expression 2/3(2A +2C). 

From these two relationships we get: 

m+n=carbon=A, 


and 4m + 2n=hydrogen =2/3(2A +2C); 
whence m=1/3(2C — A), 
and n=2/3(2A —C). 


Now m, the number of CH, groups, gives also the number of 
volumes of the paraffins present, whatever their composition, so that : 
Volume of paraffins, V,=1/3(2¢0-A) . . . (1) 
The number cf CH, groups per m volumes of the paraffins is 
given by the equation: 
m=A-V . 1... «+ (2) 


So that n/V, the number of CH, groups per unit volume of the 
paraffins, can be obtained by means of these equations; or it can 
be calculated directly from the relation: 


i Eee oh 


V 2U-—A 
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The value n/V is in several ways more convenient than the 
ratio ('/A usually employed, for it shows at a glance the average 
number of CH, groups in the mixture of paraffin hydrocarbons 
analysed, and, in conjunction with the determination of V, enables 
a record of the volume of the paraffins and a statement as to their 
nature to be made without entering into any hypothetical calcu- 
lation of the percentages of individual members present. The 
value »/V for methane is, of course, 0; for ethane it is 1, for 
propane 2, and so on. 

The higher paraffins mostly appear at the lower temperatures 
of distillation, the range 100—-300° being attended by the 
greatest percentage evolution. Above 350°, the decomposition 
point of part of the coal substance, the percentage of methane 
increases, and that of the higher hydrocarbons decreases. 

It is conceivable that the paraffin hydrocarbons obtained by 
exhaustion from coal at temperatures between 200° and 300° (that 
is, below the decomposition point observed) are present as such 
in the coal, being held in a manner similar to, but more forcible 
than, “occluded”’ methane at the lower temperatures. The fact 
that there is a simultaneous evolution of olefines, however, makes 
it more probable that both classes of hydrocarbons arise from the 
thermal decomposition of a solid paraffin or similar long-chain 
compound. 


EXPERIMENTAL. 


The apparatus employed for the vacuum distillations underwent 
several modifications during the course of the research. Its final 
form is depicted in Fig. 1. As will be seen from this diagram, the 
neck of the distillation retort (a round-bottom flask of Jena hard 
glass) pointed vertically downwards into a receiver attached by a 
ground-glass joint. By distilling the coal in this manner reflux 
condensation of liquid products was avoided, and their thermal 
decomposition prevented or minimised, A second and, in some 
experiments, a third receiver was interposed between the first 
and an automatically-acting mercury pump, fitted with two 
Sprengel tubes, used for withdrawing the gases as they were 
evolved from the coal. The receivers nearest the pump were kept 
cooled throughout the distillations by a solution of solid carbon 
dioxide in ether, or, in some experiments, by liquid air. The 
wide-bore tap on the neck of the retort enabled the distillations 
to be interrupted at different temperatures, and the condensing- 
tubes changed, without admitting air to the coal. 

The capacity of the retort in the experiments described in this 
paper was such as to enable 200 grams of coal to be distilled, 
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the retort being filled to the neck. In later experiments a retort 
capable of holding about 1} kilos. has been employed. 

Method of Experiment.—Fine dust obtained by pulverising nut 
coal was employed; in some cases after drying at 107° during 
three hours before use, in other cases without drying. 

The whole apparatus having been rapidly exhausted by means 
of a Geryk oil pump, the last traces of air were removed at atmo- 
spheric temperature by the Sprengel pump. When undried coal 
was used, “occluded” gases continued to be pumped off for 
several days at atmospheric temperature. These gases were, in 
some experiments, collected in fractions over successive periods of 
time, and the fractions analysed separately. - 

All occluded gases having been removed at atmospheric tem- 
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perature, an electric resistance furnace surrounding the retort was 
gradually raised in temperature to 100°, and exhaustion continued 
at that temperature until no more gases could be pumped off. 
The temperature was then further raised, gradually, by 50° or 
100°, and all the gases at this higher temperature collected. This 
mode of procedure, which enabled decomposition points to be 
detected, was followed up to a temperature of 450°, each successive 
stage in the heating being maintained until no further gases were 
evolved, and the condensing tubes being changed at each stage. 


The mercury pump used was rapid in its action, and, even 
during the period of maximum evolution of gases, did not allow 
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the pressure in the retort to fall below 20 mm. For the collection 
of the comparatively large volumes of gases evolved at the higher 
temperatures the device shown in Fig. 2 was used, the globe 4, 
filled with mercury, being a receiver from which the gases could 
be transferred to a gas-holder containing a mixture of equal parts 
by volume of glycerol and water. 

Each experiment lasted continuously during from four to eight 
weeks. 

Results of Experiments——One or two typical experiments only 
of the many that have been carried out need be recorded. Several 
different varieties of bituminous coal have been used, but no 
important differences have been observed in their behaviour on 
heating or in the products, whether gaseous or liquid, of their 
decomposition. The composition of the occluded gases, it is true, 
varies with the kind of coal and with its previous history (for 
example, with the length of time since it was mined), but a study 
of the occluded gases is but an incidental part of this research, 
and has, moreover, already received the attention of numerous 
investigators. 

The first experiment to be described was made with a sample 
of Silkstone (bituminous) coal in the form of fine dust, obtained 
by pulverising about 50 kilos. of washed “nuts,” and had been 
passed through a 240-mesh sieve. This coal was from the same 
seam as coal A of our previous work. The dust was not dried 
before use, and gave off a considerable volume of occluded gases 
on exhaustion at atmospheric temperature. When these gases had 
been removed the coal was heated to 100°, exhaustion being 
continued. 

Gases Evolved at 100°. 


The volume of gases evolved at 100° amounted to 34 cc. per 
100 grams of coal, measured at N.T.P. Their composition was as 
follows : 


Ie Sbbitaianinnneatetesnninensnnnnes 6°70 per cent. 
i ils ncleinoinaltnioancinnastetons 165 ,, 
Ti livantichininninininenss sendeesaecss 0°85 ,, 
SAEED. sccicisnny sinncoeesass 130 
SE 1:40 ,, 
_ SERRE Eee 190 ,, 


inhi: cucitdinamies idvate 84°55, 


4 
The value n/V for the paraffins was 2°21, showing the presence 
of homologues higher than propane. 


Gases Evolved at 200°. 


At 200° 65°5 c.c. per 100 grams of coal were collected. A 
complete analysis was made of a portion of this gas, and the 
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remainder passed into a condensing apparatus surrounded by a 
solution of solid carbon dioxide in ether, whereby a temperature 
of about —80° was obtained. A portion of the gases (about 
7°5 per cent. of the total volume evolved from the coal at 200°) 
liquefied at this temperature. This gas gave on explosion analysis 
a ratio C/A =0°875, with a value n/l’=3°00, showing it to be 
butane. 
The analysis of the total gas evolved at 200° was: 


CO, 8°85 per cent. 
O, .. O70 <x 
A aesenbctsccs) 1.” Spetsotrone eas 0°85 ‘ 
| 2°90 ee 
As decesink _cxuibosiebiiins: vant 2°60 ,, 
Hy sb divides Pe nn Se eee 2°75 ra 
piindie: ak. t0essechcrtsedoconeesss 81°00 ‘~ 


The paraffins, which include the butane determined separately, 
’ had a value n/V =1°84. 


Gases Evolved at 300°. 


The temperature of the coal was now gradually raised to 300°. 
There was no further evolution of gas until a temperature of 
about 270° was reached, the gases then evolved tarnishing badly 
the mercury over which they were collected. 

Heating and exhaustion were continued during two days, the 
temperature being maintained at 300°. Towards the end of the 
heating the gases evolved ceased to tarnish mercury. Altogether, 
58°5 c.c. per 100 grams of coal were collected. 

Butane was isolated from the gases by liquefaction, as in the 
case of the gases evolved at 200°. The analysis of the total gas 
evolved showed: 


CO, and H,S......... 35°35 per cent. 
C,H, ee 0°55 ) 
C5H, 105 ,, 
EES 18°85 ,, 

gn Raeeneae - 1050 ,, 
(REST EULe . 1335 ,, 
ide shbes sc. .000 18°85, 


The value #/V for the paraffins was 1°43. 

Decompositicn of some part of the coal substance had obviously 
taken place between 270° and 300°; for, although the volume of 
gases evolved was not large, their composition was very different 
from that of the gases evolved below 200°. No separate estimation 
of the percentage of hydrogen sulphide present was made, but its 
presence in considerable quantity was indicated by the yellow 
colour imparted to the potassium hydroxide solution used for 
estimating carbon dioxide. 
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Gases Evolved at 350° and at 400°. 


On raising the temperature of the coal above 300° a rapid 
evolution of gas took place between 320° and 350°, and, after 
maintaining the temperature during eight days at 350°, 985 c.c. 
of gas per 100 grams of coal were collected. 

The temperature of the coal was then gradually raised to 400°, 
and exhaustion continued at that temperature during sixteen 
days. Four litres of gas per 100 grams of coal were collected. 

The analyses of the gases collected at 350° and at 400° were: 


At 350 At 400°. 
MEE Pidoeinccetuanaiiacdsi 1:70 0°70 
EER 20°95 2°85 
BIE vihisitp sdniosnpanannaee 0°15 trace 
MARL cckchonaiesis.endnns 1°90 2°35 
an) cterssctinosasnns 17°90 6°15 
ico utsarin scans 4axte 3°40 3°40 
SRO er cerns 15°35 36°90 
RE 37°22 48°55 


The value of n/V for the paraffins was, for the gases obtained 
at 350°, 0°311, and for those obtained at 400°, 0°302. 

Fractionation of the Gases by Liquid Air—An_ experiment 
typical of those in which fractionation by liquid air was resorted 
to was made with the Silkstone coal in the form of dust that 
passed a 100- and remained on a 150-mesh sieve. The dust was 
dried at 107° in air before being put into the retort. 

Occluded gases having been removed, heating was carried 
direct to 340° (that is, just to the decomposition point of the 
coal). Two main fractions of the gases were obtained: (a) gases 
condensed by liquid air during distillation, and (0) gases not 
condensed by liquid air. 

The uncondensed gases consisted mainly of carbon monoxide, 
hydrogen, methane, and nitrogen. The condensed gases were boiled 
into a receiver, and treated in the following manner: the receiver 
was cooled by a solution of solid carbon dioxide in ether, and 
fractions taken at different pressures, thus: 

Fraction No. i. Withdrawn under pressure of 450 mm. | Receiver coo'ed by solid 


Fraction No. ii. és es 250 mm. carbon dioxide and 
50 ma. | ether. 


Fraction No. iii. a i i 
Fraction No. iv. ‘“ o ‘“ 250 mm. | Receiver at atmospheric 
Fraction No. v. vi ¥ - 50mm.f __ temperature. 


Part of the last fraction (No. v.) showed a tendency to condense 
to a mobile liquid at atmospheric temperature under slight 


pressure. 
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The analyses of these fractions were as follows: 


(i.) (ii ) (iii. ) (iv. ) (v.) 
Percent. Percent. Percent. Percent. Per cent. 
CO, and HS ...... .. 81-00 70°05 48 00 8°10 4°10 
I seen nowanninsieniiennasinis 0°40 0°35 0°65 0°75 vil. 
SE dinishiai dcsecseness 0°95 0°45 0°95 110 1°75 
Rag, sacs onastearasaes 5°25 15°10 7°00 7°45 10°20 
_ REESE eae oer a oor 0°95 0°90 1°60 1°50 1°50 
_, ENT TO error ee? bil. nil. vil. nil. nil. 
| ee 11°05 39°70 82°45: 82°45 
n/V for paraffins ...... 1°93 174 2°35 277 3°00 


It will be noticed that analysis No. iv. adds up to more than 
100 per cent. Occasionally, particularly with gases obtained from 
coal at 200°, it has been found that the volume of gases (assuming 
them to be paraffins) given by explosion analysis has caused the 
complete analysis to add up to slightly more than 100. This result 
is, so far as can be ascertained, due to the fact that minute traces 
of gas in the mixture of paraffins had a tendency to condense to 
liquids under pressure, so that in transferring them over mercury 
from one part of the analysis apparatus to another some condensa- 
tion may have taken place and a slightly greater volume of gases 
than appeared on measurement burned during the explosion 
analysis. 

Gases Evolved at 400°. 


The gases were fractionated with liquid air as before. The 
portion uncondensed consisted mainly of carbon monoxide, 
hydrogen, and methane. The gases condensed by liquid air were 
treated in the same way as those obtained at 340°, six fractions 
being taken as follows: 


Fraction No. i. Withdrawn under pressure of 750 mm. Riceiver cooled by 

Fraction No. ii. me i is 250 mm. slid carbon dioxide 

Fraction No. iii. ais i a 50 mm. aud ether. 

a No. iv. ” » ” 250 mm. | Receiver at atmospheric 
raction No. v. re i ‘a 50 mm. ; te aii 

Fraction No. vi. Last traces of realily condensible gases. | scien 


The analyses of these fractions were: 


(i.) (ii.) (iii ) (iv.) (v.) (vi. ) 


Per cent. Percent. Per ceut. Per cent. Percent. Per cent. 


CO, and H,S ......... 8°65 7°00 4°50 0°70 1°65 11°80 
Iga: bd os cswsenaixsccbiecs 0 60 0°40 0°45 0°60 nil. nil. 

eee 7°75 0°45 5°05 0°50 0°65 2 05 
RNR 6082s 4 sesmetin. 0 390 9°05 15°10 35°75 38°90 38°65 
AD ..ccnses PRO ERAS Gece 3°35 =. 2°50 2 20 0-40 8 =60°45 1°30 
Si dace meneame nil. nil. nil, nil. nil. nil. 

CaHonge feces. sss. 69°90 77°10 69°75 60°80 55°85 41°85 
n/V tor paraffins ...... 0°59 0°95 1°28 2°00 = 2°46 3°55 


In other experiments, details of which need not be given, different 
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boiling fractions of the liquefied gases were taken, reliquefied, and 
fractionated several times. In this manner it was possible to make 
a nearly complete separation of the paraffin hydrocarbons, and to 
establish the presence of all members up to and including pentane 
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X1IX.—The Composition of Coal. 
By Davip TrEvor Jones and RicHarp VERNON WHEELER. 


Tue methods most promising in results that have been applied 
towards attempting to elucidate the question of the chemical com- 
position of coal have been either to treat the coal with different 
solvents, in the hope of being able to extract some simple substance 
therefrom, or to distil the coal destructively under various con- 
ditions in order to examine the products of decomposition. 

The method employed to obtain the results described in the 
present paper was that of destructive distillation of untreated coal 
in a vacuum at a low temperature, in the manner already described. 
Recently Pictet and Bouvier (Compt. rend., 1913, 157, 779) have 
published a preliminary note regarding experiments that they have 
carried out, which are practically identical in character with our 
own. The results obtained by these investigators differ, however, 
from ours in several important respects which will be discussed 
later. 

It may be remarked at the outset that the destructive distillation 
at low temperatures of coal in its entirety cannot be expected to 
reveal the nature of all the various classes of compounds that 
compose the coal substance. In previous papers it has been shown 
that only the “resinous substances” in bituminous coals decompose 
to any great extent at temperatures below 500°. It is the “resinous 
substances” only, therefore, in the coal conglomerate that must be 
regarded as having undergone examination by the method of attack 
described in the present paper. The work on which we are at 
present engaged, namely, that of destructive distillation in a vacuum 
of the separate portions into which coal can be divided by the 
solvent action of pyridine and chloroform, will, it is hoped, enable 
conclusions to be drawn as to the character and composition of the 
“humus substances” in the coal conglomerate as well as of the 
“resinous substances.” 

Bituminous coals, when distilled in a vacuum (5 to 40 mm.) at 
temperatures up to 430°, yielded, besides gaseous products and 
water, about 6°5 per cent. of their weight of tar. On distilling 
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this tar, about half remained as pitch, boiling above 300°. The 
oils boiling below 300° contained the following substances: 

1. Unsaturated (ethylenic) hydrocarbons of indeterminate com- 
position, for the most part richer in carbon than the mono-olefines, 
(C,Hyn). These formed between 40 and 45 per cent. of the oils. 

2. Naphthenes (C,H,,) and iiquid paraffins, the former greatly 
predominating, forming together about 40 per cent. of the oils. 

3. Phenols, chiefly cresols and xylenols (between 12 and 15 per 
cent.). 

4. Aromatic compounds (about 7 per cent.), apparently homo- 
logues of naphthalene, although naphthalene itself did not appear 
to be present. 

5. A solid paraffin in small quantity, of which the melting point 
lay between 52°5° and 54°, and of which the molecular weight was 
373°7 (that is, intermediate between the values required for C.gH,4 
and C,,H;.). 

6. Pyridine bases in traces only. 

Benzene, anthracene, carbon disulphide, and solid aromatic hydro- 
carbons were absent, nor was there any evidence of the presence 
of toluene or other homologves of benzene in more than minute 
quantity. 

The water distilled from the coal contained hydrochloric acid 
and traces of ammonium chloride. 

Pictet and Bouvier (loc. cit.), using a French gas coal, which they 
distilled under 15—17 mm. pressure in an iron retort placed 
vertically and with its mouth upwards, obtained about 4 per cent. 
of a light tar at temperatures not exceeding 450°. This tar they 
re-distilled, at atmospheric pressure, between 120° and 300°. 
Contrary to our results, no phenols were present in their distillates, 


* nor were ammonia or solid paraffins detected. Their preliminary 


experiments also indicated that aromatic compounds, if not absent, 
existed in traces only. On the other hand, Pictet and Bouvier 
obtained appreciable quantities of menthol-like compounds and of 
bases, chiefly secondary bases. 

The marked difference between the oils that we have obtained 
and those described by Pictet and Bouvier may, perhaps, be 
attributed to differences in the apparatus employed or to the much 
greater rapidity with which their distillations were effected. (A 
distillation was completed in five hours, whereas ours took as many 
weeks. ) 

It seems more probable, however, that the differences observed 
in the oils are due to differences in the nature of the coals employed, 
for it is inconceivable that, assuming the coals to be similar in 
character, Pictet and Bouvier should find no phenols in their oils, 
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whilst ours contain as much as 12 per cent.* Further, differences 
in character between the French and the British coals are indicated 
by the absence from the distillates from the former of solid 
paraffins which, although small in amount, seem to be essential 
products of the distillation of all the bituminous coals that we have 
examined. 

This brings us to the question as to whether free hydrocarbons 
necessarily exist in all coals. The wide distribution of hydro- 
carbons, and particularly of polymerisable hydrocarbons, in plant 
life affords strong argument for the existence of such polymerides 
in coal, despite their known tendency towards rapid oxidation. 

The fact that paraffins have been found oozing from coal seams, 
usually in the neighbourhood of a fault (compare Cohen and Finn, 
J. Soc. Chem. Ind., 1912, 31, 12), is no criterion of what ordinarily 
obtains; for such oils may very well have been formed locally from 
the original coal by increased temperature, due to earth-movement, 
for example, at some period in the history of the seam. 

More direct evidence of the existence of hydrocarbons as usual 
constituents of the coal substance has been obtained by Pictet and 
Ramseyer (Ber., 1911, 44, 2486), who have isolated hexahydro- 
fluorene, C,,;H,,, from a portion of a gas coal soluble in benzene. 
Pictet and Ramseyer regard the existence of hexahydrofluorene in 
their coal as lending support to the views of Donath, who considers 
coal to consist in part of compounds, originally liquid, that have 
gradually solidified owing to progressive polymerisation. The fact 
that hexahydrofluorene was the only hydrocarbon that they could 
extract from coal with benzene, Pictet and Ramseyer attribute to 
the possible preferential solvent action of benzene for that sub- 
stance ; or, alternatively, to the possibility of other hydroaromatic 
compounds that may have been present originally having poly- - 
merised to a greater extent, and thereby escaped solution in 
benzene. 

It should be noticed, however, that Pictet and Ramseyer 
extracted traces of phenol and bases by benzene simultaneously with 
the hexahydrofluorene. We have found that phenols and bases are 
invariably products of the low temperature distillation of coals, 
so that their extraction by a solvent from the particular coal used 
by Pictet and Ramseyer suggests the possibility of that coal, at 
some time in the history of the seam, having been raised to a 
temperature of incipient decomposition, when hexahydrofluorene, 
phenols, and bases were set free. It is possible, therefore, that 
hexahydrofluorene, instead of being a survivor from polymerised 
compounds that compose part of the coal substance, may have had 


* We obtain phenols also in the oils distilled from coal under a pressure of 5 mm. 
at temperatures as low as 325°. 
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its origin after the coal substance was formed, and may be an 
incidental constituent of some rather than an essential component 
of all coals. 

We have obtained evidence of the existence of free, solid paraffins 
in several British coals by treating the extract obtained by the 
solvent action of pyridine and chloroform (T., 1913, 103, 1704) 
with pentane. The pentane solution yields crystals of paraffin wax, 
melting between 55° and 59°, similar in composition to those 
obtained by the destructive distillation of the coal. This wax forms 
about 0°10 per cent. of the total weight of the coal. The arguments 
already advanced against the supposition that hexahydrofluorene 
is present in coals generally are, of course, applicable in the present 
case also—free solid paraffins may not be present in all coals. 

It is necessary now to discuss the manner in which the various 
substances that are found in the oils obtained by distillation of 
coal in a vacuum at low temperatures have been formed. 

It is impossible to explain the formation of liquid (or gaseous) 
paraffins by assuming a thermal decomposition of free solid paraffins, 
for these are obviously present in the coal in insufficient quantity. 
At the same time it is difficult to conceive of their formation, or, 
for that matter, of the formation of other types of hydrocarbons 
found in the coal distillates, by rapid and complete pyrogenic 
synthesis either immediately before or at the moment of distillation. 

It seems more reasonable to suppose that the paraffins must be 
present in the coal substance in such a manner that whilst, 
in a sense, structurally complete, some change in their state, such 
as can be produced by moderate heating, must take place before 
they can be set free. 

The most likely condition of existence of the paraffins in 
accordance with this supposition, that seems to us to explain their 
appearance in coal distillates, is as alkyl or paraffinoid groups 
attached chemically to another, non-alkyl, group R-H. Thus we 
have the paraffin in what may be conveniently called a “bound” 
condition, as a component part of a molecule represented by the 
general formula RH-C,H,,,,, where V may have any value up 
to 32 or even higher (compare Cohen and Finn, who isolated the 
hydrocarbon, Cz.H,g, from a mixture of paraffins occurring in a 
coal seam). 

The rapid distillation of “free’’ paraffins from these “bound” 
molecules when coal is decomposed thermally can now be explained 
according to the following scheme: * 


a 


* Compare Engler on the formation of petroleum (Zeitsch. angew. Chem., 1908, 
30, 1585). 
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or 
RH°CyHoy,, —> R + CnHynye + Cn,Hen,- - - (2) 
It will be seen that with some modification this hypothesis can 
be applied to explain the formation of other types of compounds 
found in the distillates. Thus, in the case of the naphthenes, 
whilst we cannot rule out the possibility of ring-formation taking 
place during the distillation, it is more probable that they exist 
in the coal as “bound” molecules. For.the results of recent 
investigations, notably those of Ipatiev (Ber., 1911, 44, 2928), on 
the isomerisation or condensation of ethylenic compounds to form 
naphthenes under the combined effects of heat and pressure, render 
it more than probable that under the conditions of the formation 
of coal saturated ringed carbon compounds have resulted. The 
formation of “free” naphthenes from the “bound” molecules 
during the distillation of the coal can readily be explained according 
to a scheme similar to that given for the paraffins: 


en 8s OB - a Ce 
RH-CH,*CH, ... CH,*CyHy_,- _»> R+CH, ‘CH,. _CH, ‘CyH,3_, (4) 


The presence of ethylenic compounds in the oils may be 
explained in part by the breaking down of highly polymerised 
ethylenic compounds that can reasonably be assumed to be present 
in the coal substance, the process being comparable to that which 
takes place when caoutchouc breaks down and yields isoprene; or 
we may apply our hypothesis and assume a “bound” ethylene 
group: 

BH-C,8,,.,—> B+0,—H, .«.1.s1s« @ 

Equation 2 also affords a possible explanation of the formation 
of a portion of the ethylenic compounds. 

Naphthalene homologues were present in the oils distilled from 
coal in a vacuum up to 430°, but benzene was absent. There is 
no reason, according to our hypothesis, why “bound” naphthalene 
groups and “bound” benzene groups should not both be present 
in coal, capable of yielding free naphthalene and free benzene on 
heating at low temperatures. The presence of the former type of 
compounds and the absence of the latter in the oils therefore 
requires some explanation. In this connexion the behaviour on 
heating of their hydrogenated derivatives, concerning which we 
are able to record observations made during the course of another 
investigation, is suggestive: dihydronaphthalene suffers decom- 
position at 400°, yielding chiefly naphthalene and hydrogen; 
hexahydrobenzene, on the other hand, remains undecomposed at 
450°, the maximum temperature reached in our distillations of 
coal. If therefore we infer that hydrogenated naphthalene groups 
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as well as hydrogenated benzene groups are present in coal in the 
“bound” condition, it can be understood that only the former 
would eliminate hydrogen under the conditions of our experiments 
before becoming “free,” and that benzene would not appear. We 
thus have as a general scheme similar to those already given: 


(QQ) ieee (OO) ae 
ae A: in 
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In the case of the phenols the assumption of the presence in 


R + +em ..s « © 


coal of “ bound ” groups, such as OH sor is rendered doubtful 


by the fact that very little of the coal substance is soluble in 
potassium hydroxide; whilst, although “bound” hydrogenated 
groups might be assumed, as in the case of the naphthalene homo- 
logues, our knowledge regarding the thermal decomposition of 
compounds of that type is insufficient to enable us to judge whether 
hydrogen would be eliminated from them in preference to water.* 
Russig (Chem. Zeit., 1902, 26, 190, 344) suggested that phenols 
may arise from the decomposition of polymerised coumarones con- 
tained in coal, Kraemer and Spilker (Ber., 1900, 38, 2257) having 
observed that p-coumarone, (C,H,O),, begins to decompose at 300°, 
when it yields 17 per cent. of pheno! and 51 per cent. of coumarone. 
As already stated, we find phenols in the oil distilled from coal at 
325°, but, if Russig’s theory be accepted, it is difficult to understand 
why no coumarones, corresponding with the experiments of Kraemer 


and Spilker, can be detected. 


EXPERIMENTAL. 


Distillation in a Vacuwm.—The general arrangement of the 
distillation apparatus was similar to that described in the pre- 
ceding paper (‘‘ The distillation of coal in a vacuum’’); that is to 
say, it consisted of an inverted glass “retort” connected through 
condensing tubes to a rapidly-acting Sprengel mercury pump. The 
retort contained about 1°25 kilos. of coal broken into fragments 
and sieved through a 10- and on a 60-mesh sieve, all fine dust being 
carefully winnowed out. The coal was dried for one hour at 105° 
before being put into the retort. 

For the experiments described in this paper two bituminous 

* The observation by Ipatiev (Ber., 1910, 43, 3383) that 1-methyleyclohexan-2-ol, 


on heating to 350° eliminates water in preference to hydrogen, has reference only 
to what occurs in the presence of alumiva. 
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coals (one from Scotland and one from Durham) were employed, 
the proximate and ultimate analyses of which were: 


Proximate Analyses. 


** Volatile 

matter.” Fixed carbon. Ash. 
Scotch coal ...... 26°36 70°36 3°28 | per cent on 
Durham ,, ..... 30°81 65°09 4°10 dry coal 


Ultimate Analyses. 


Carbon. Hydrogen. Oxygen. Nitrogen. Sulphur. 


Scotch coal...... 86°92 4°98 5°56 1°75 0°79 \ per cent. on ash- 
Durham ,, ...... 86°88 5°41 4°71 1°75 1°25) free dry coal 


In early experiments fractional distillations of the coal at 
different temperatures were conducted in the manner described in 
the preceding paper. It was found, however, that there was no 
appreciable difference in the character of the liquids distilled at 
the different temperatures, so that in the later experiments the 
coal was raised slowly direct to 430° and maintained at that 
temperature. 

The bulk of the distillate collected in the first receiver, which 
was not surrounded by any cooling mixture. It consisted of a 
thin, brown, pleasant-smelling tar, which was covered with a layer 
of paraffins. The specific gravity of the tar was 0°999}?, which is 
much iower than that of ordinary coal tars. 

The second and third condensers, which were cooled by a solution 
of solid carbon dioxide in ether, contained a reddish-brown oil with 
a lower aqueous layer containing hydrochloric acid and ammonium 
chloride.* 

A certain quantity of oil passed through the Sprengel pump 
with the gases evolved during the distillation and condensed under 
atmospheric pressure in the connexions leading to the apparatus 
for collecting the gases. This oil was of a pale straw colour, boiling 
between 116° and 154°/760 mm., and had a specific gravity of 
0-781;3. On combustion analysis, 0°1430 gave 0°4547 CO, and 
0°1712 H,O. C=86°72 ; H=13°30 per cent. This oil was not further 
examined separately, but was added to the main bulk. 

Examination of the Volatile Oils—Oils of very low boiling point 
were removea from the gases collected by passing the latter slowly 
through a condenser cooled by solid carbon dioxide and ether. The 


* A fraction obtained at 350° fumed strongly in the air and had a specific gravity 
of 1°135. The supernatant oil contained traces of a chloro-derivative, presumably 
formed hy the addition of the elements of hydrogen chloride to some unsaturated 
compound. 
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liquid so obtained was warmed to 35° to free it from dissolved 

gases,* and was found to boil between 35° and 125°. It had a 
specific gravity 0°699j;, and 0°1732 on combustion gave 0°5394 CO, 
and 0°2272 H,O. C=84°94; H=14°57 per cent. (C+H=99'51). 

This liquid had an extremely unpleasant, garlic-like odour. It 
was clear and limpid, and remained so on long keeping. It rapidly 
decolorised potassium permanganate solution, and a solution of 
bromine in chloroform. 

In order to remove and estimate the quantity of olefines present, 
a portion of the crude oil was first washed with concentrated 
sulphuric acid in a small, graduated separating-burette, rise in 
temperature being guarded against. A considerable quantity of 
“acid tar’? was formed, and the volume of the oil was reduced from 
51 ec. to 3°0 c.c., whilst its specific gravity rose slightly (from 
0°69 to 0°71). 

The “acid tar” was heated in steam at 180°, and the distillate 
examined for benzene. A negative result was obtained. The oil 
itself, with the ‘‘ acid tar’’ removed, was then examined for benzene 
in the following manner. The oil was washed with fuming nitric 
acid (D 1°50), and the acid washings were diluted with water. The 
reddish-brown deposit thus formed was washed and dissolved in 
alcohol and treated with (1) zine and sulphuric acid, and (2) 
potassium hydroxide solution. The mixture was then distilled in 
steam, and the first runnings tested for aniline with a fresh solution 
of bleaching powder. The negative result obtained demonstrated 
the absence of benzene in the oil. 

After having been washed with nitric acid, as stated above, the 
oil was treated with weak fuming sulphuric acid, whereby the last 
traces of olefines were removed.t It was then freed from acid by 
washing with water, with a solution of sodium carbonate, and, 
finally, with water again, and distilled. The distillate was collected 
in two fractions, the first boiling between 48° and 100°, and the 
second between 100° and 135°. 

The first fraction had a specific gravity 0°691}3. On combustion 
analysis the following figures were obtained: 0°1280 gave 0°3964 
CO, and 0°1797 H,O. C=84:46; H=15°60 (C+H=100°06). 

Comparison of these figures with the known values of carbon and 
hydrogen for naphthenes and paraffins boiling over about the range 
of temperature of the oil shows conclusively that the oil was a 
mixture of these two classes of compounds: 

* These gases contained : olefines, 28°5 per cent., and paraffins, 75°4 per cent. by 
volume, the ratio n/V for the paraffins being 2°5. 

t The acid used was of the strength recommended by Zelinski for similar work 
(Ber., 1912, 45, 3678), and consisted of a mixture of two parts of sulphuric acid 
(D 1°84) and one part of a 7 per cent. fuming sulphuric acid. 
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C,H, n-pentane (b. p. 36°) requires C=83°3; H=16°7 per cent. 


C,H,, m-hexane (b. p. 69°) »  OC=83'7; H=163 _,, q 
C,H,, ~ heptane (b. p. 98°) » C=840; H=160 ,, i 
C,H,, n-octane (b.p.126°) ,, C=842; H=15°__,, ; 


C,H,, naphthenes require C=85°7; H=14°3 per cent. 


The second fraction, boiling between 100° and 135°, was analysed. 
0°1353 gave 0°4234 CO, and 0°1846 H,O. C=85°34; H=15'16. 
Here again it is clear that a mixture of naphthenes and paraffins 
was present: 
C,H, m-nonane (b. p. 150°) requires C=84'4; H=15°6 per cent. 
C,H,, n-octane (b. p. 126°) - C=84:2; H=15°8 is 
C,H,, n-heptane (b. p. 98°) . C=8t0; H=16°0 . 
C,H yn naphthenes require C=85°7; H=14°3 per cent. 


FAERIE i 2 


We have not as yet attempted any direct examination of the 
olefines contained in the crude oil, nor of those found in the 
higher boiling oils described later. In the present instance the 
hydrogen content of the olefines, as calculated indirectly from the 
analyses of the oil before and after washing with sulphuric acid, 
was about 13°3 per cent.; that is, considerably lower than that of 
the mono-olefines, C,H,, (H=14'3 per cent.). Whilst some open- 
chain (mono-olefines) were very probably present, it would seem 
that there were also unsaturated compounds cyclic in structure. 

Oils of Higher Boiling Point.—The oils now examined were 
obtained from the two cooled condensers and from the pump con- 
nexions. To these was added that portion of the tar collected in 
the first receiver that distilled below 200°/30 mm. 

These oils were washed with dilute sodium hydroxide solution 
to remove phenols, and with dilute sulphuric acid to remove bases. 
The basic compounds recovered were too small in quantity to be 
examined. The phenols are described briefly later. i 

After removal of phenolic and basic compounds, the oils were 
washed with a solution of sodium carbonate and with water, and, a 
after having been dried over anhydrous magnesium sulphate, were 
distilled. The composition and specific gravity of successive 
fractions of the neutral oils are given in the table below: 


4 
3 


Fraction. I. Il. III. IV. 
oe es th OOO 160—200° 200—250° 250—275° 275--300° 
Specific gravity, 15/15......... 0°804 0°856 0°890 0°928 
ED dein con excdtarievedteres cs 86°28 87°88 88°13 88°24 
Hydrogen .........00...0e6 coe §=s 18°11 11°65 11°09 10°36 
OE EE caseee s scecas. «+00 99°39 99°53 99°22 98°60 


These neutral oils thus consisted almost entirely of hydrocarbons. 
They were colourless, and had a disagreeable, penetrating odour. 
They rapidly decolorised potassium permanganate solution and a 
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solution of bromine in chloroform, and they also readily added 
on the elements of hydrogen chloride. On boiling with anhydrous 
zinc chloride they polymerised but slowly, nor did they absorb 
oxygen with any rapidity. 

The oils were now washed with concentrated sulphuric acid 
(D 1:84), whereby unsaturated ethylenic compounds were removed ; 
and afterwards, for the removal of aromatic compounds, either 
with weak fuming sulphuric acid or with nitration mixture. 

It was found that washing with concentrated sulphuric acid 
generally reduced the volume of the oils by about one-half, and 
that there was a concomitant lowering of their specific gravity. 

The oils obtained after further exhaustive washing with weak 
fuming sulphuric acid and with nitration mixture were freed from 
acid, dried over sodium, and distilled from sodium in a vacuum, 
care being taken to avoid their decomposition. The refined oils 
were clear liquids with a pleasant odour resembling that of refined 
petroleum. On analysis it was found that the carbon percentages 
were too high for the paraffins of corresponding ranges of boiling. 
They approximated from a slightly lower figure up to 85°7, which 
is the value for the percentage of carbon in the naphthenes, C,Ho,. 
The same results were obtained with all the oils after exhaustive 
washing with weak fuming sulphuric acid and nitration mixture. 

The analyses are set forth in the table below. It is noticeable 
that the fractions of lower boiling point appear to consist of 
mixtures of paraffins and naphthenes, whilst the fractions of higher 
boiling point must either consist of naphthenes only, or, what is 
less likely, of mixtures of paraffins with hydrocarbons richer in 
carbon than the polymethylenes : 


Fraction. I. II. III. IV. V. 
Boiling point ......... 150—190° 190—260° 200—250° 225—260° 160—260°/30mm. 
Specine gravity15/15 _— 0°7841 0°7844 — _ 
Catbom......cccosccccsese 85°47 = 8542 85°26 85°56 85°82 
Hydrogen ............ 14°46 §=614°73 14°56 14°65 14°36 
GPE os ccevecs, sscsses 99°93 100°15 99°82 100°21 100°18 
CiyHo. (b. p. 173°) has D 0°747, and requires C=84'5; H=15'5. 
CigH yy (b. p. 330°) ,, D0°777 ” C=85'09; H=14°91. 


Naphthenes, C,H,,, require C=85'7; H=14°3 per cent. 

It will thus be seen that whilst the carbon-content of any mixture 
of paraffins that may conceivably be present would fall below 85:0 
per cent., that of the refined oils is invariably higher and approxi- 
mates to 85°7, the value for the naphthenes. 

Phenols.—The washings from the oils with sodium hydroxide were 
first treated with ether to remove dissolved oil, and afterwards 
acidified with dilute sulphuric acid and extracted with ether. The 
ethereal solution was dried with anhydrous magnesium sulphate, 
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and filtered, and the ether evaporated. The phenols remaining 
were distilled in a vacuum. A fraction collected between 100° and 
145°/30 mm. had a specific gravity of 1°037{3, and on analysis gave 
the following results, which show it to consist essentially of a 
mixture of cresols and xylenols: 

0°2464 gave 0°7078 CO, and 0°1758 H,O. C=7834; H=7°93. 

Cresols (C;H,O) require C=77°77; H=7°40 per cent. 
Xylenols (CsH,0) ,, C=7867; H=820 

We were unable to determine whether phenol itself was present. 

Aromatic Compounds.—If the neutral oils boiling between 200° 
and 300° are heated and their vapours aspirated through an 
aqueous solution of picric acid, crystals of picrates are deposited, 
those from the fractions of lower boiling point being yellow, and 
those from the fractions of higher boiling point dark red. 

A quantity of apparently pure picrate, but insufficient for 
identification, was obtained from a fraction of the oils boiling 
between 250° and 300°. This picrate was dark red, and melted 
sharply at 118°. : 

On treating that part of the neutral oils boiling between 170° 
and 300° with picric acid and warming, the liquid became dark 
red, but no precipitate was obtained on cooling. On the addition 
of pentane, picric acid mixed with a picrate was precipitated. This 
precipitate was decomposed in a current of steam, the distillate 
collected being a viscid oil of specific gravity 1°019{3, and having an 
odour resembling that of crude naphthalene. 0°1905 gave 0°6420 
CO, and 071326 H,O. C=91'°91; H=7'73 (C+H=99°64). 

Dimethylnaphthalene (C,,H,,) requires C=92°31 and H=7°69 
per cent. 

The values obtained from the combustion analyses, taken in 
conjunction with the physical characteristics of the oil and its 
picrates, which are stable in the presence of water, point to the 
oils being homologues of naphthalene. Naphthalene itself could 
not be detected. 

Solid Paraffins—Of the tar contained in the first condenser, that 
portion boiling above 200°/30 mm. was distilled in a vacuum. The 
distillate obtained between 200° and 260°/30 mm. was analysed : 
0°2032 gave 0°6370 CO, and 01741 H,O. C=8549; H=9°52 
(C+H=95°01), showing that compounds other than hydrocarbons 
were present. 

The portion of the oil that boised at 200—240° in a vacuum 
was a pale yellow liquid, whilst that boiling at 260° cooled to a 
red-coloured . paste. The fraction boiling between 220° and 240° 
in a vacuum partly solidified on cooling, needle-shaped crystals 
being deposited. Those crystals were recovered by removing any 
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resinous matter by charring with concentrated sulphuric acid and 
extracting with light petroleum. On recrystallising twice from 
acetone, pure crystals were obtained, wiiicli melted between 52°5° 
and 54°. On analysis: 0°1554 gave 0°4865 CO, and 0°2097 H,O. 
C=85°38; H=14°99. A molecular-weight determination gave a 
value 373°7, that is to say, intermediate between the values required 
for CogHs, and Co7H;¢. 

No other solid compound was found in the distillate. Search 
was made in the fractions of higher boiling point for anthracene 
by oxidation with chromic acid, but no trace of anthraquinone was 
obtained. There is no reason to believe that anthracene or other 
solid aromatic compounds were present. 

Pitch —The residue remaining from the coal distillate when the 
latter was distilled in a vacuum up to 260° consisted of a soft, 
stringy, shining pitch of specific gravity 1°128)3. This pitch was 
entirely soluble in chloroform, and was free from carbon. 0°2101 
gave 0°6782 CO, and 0°1487 H,O. C=8804; H=7°87 (C+H= 
95°91). This pitch is being further examined. 


The thanks of the authors are due to the Explosions in Mines 
Committee of the Home Office for permission to publish this 
preliminary account of their work, 


ESKMEALS. 
CUMBERLAND. 


XX.—Interaction of Glycerol and Oxalic Acid. 


By FrepDER1IcK DANIEL CHATTAWAY. 


A.THOUGH the interaction of glycerol and oxalic acid‘is no longer 
employed to prepare formic acid on a large scale, it is still the 
simplest process for obtaining a small quantity in the laboratory, 
and is a practical exercise habitually performed by students. The 
more complicated decomposition which takes place when the initial 
product is heated to a higher temperature is by far the most 
convenient source of allyl alcohol, and is invariably used for its 
preparation. 

The explanations, which are given in most textbooks, of these 
familiar reactions are fundamentally incorrect. 

Oxalic acid reacts with glycerol as it does with other alcohols, 
both an acid and a normal oxalate being produced. 

The former,* like all such compounds, is unstable at a slightly 

* This explanation of the production of formic acid has been suggested as an 


obvious alternative in Wade’s and Richter’s text-books, but no evidence in support 
of it is brought forward. 
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elevated temperature, and decomposes when this is reached into 
carbon dioxide and monoformin. The oxalic acid subsequently 
added displaces the formic acid from the monoformin, and the cycle 
of operations is repeated. 

That this is the correct explanation of the reactions leading to 
the production of formic acid is shown by the observations that 
glycerol and oxalic acid interact readily at temperatures below that 
at which carbon dioxide begins to be evolved, and that, although 
the acid oxalate which must be formed has not yet been isolated, 
the products of its interaction with aniline and with ammonia, 
oxanilie acid, and oxamic acid respectively are readily obtainable. 

That the whole course of the reaction is as above stated is 
rendered practically certain by the fact that a precisely similar 
cycle of operations can be carried out with ethyl alcohol and oxalic 
acid when the products can easily be isolated at every stage. 

As is well known, ethyl hydrogen oxalate, which is formed when 
ethyl alcohol and oxalic acid are heated together, and which can be 
distilled under diminished pressure, decomposes into carbon dioxide 
and ethyl formate when heated under ordinary atmospheric pres- 
sure, this being the source of the ethyl formate always obtained in 
such quantity when the product of heating together oxalic acid and 
ethyl alcohol is distilled. 

Oxalic acid, when heated with ethyl formate, displaces the formic 
acid, producing ethyl hydrogen oxalate. 

It is possible, although it seems unlikely, that the peculiar decom- 
position of monoformin, invariably stated in textbooks to be the 
source of allyl alcohol, can occur to a very limited extent, but the 
chief, if not the sole, source of the allyl alcohol is the normal oxalic 

— CH,- CH-CH,-OH 
ester, dioxalin, 4.00. 
into carbon dioxide and allyl alcohol. 

The presence of this compound in the reaction mixture, after the 
first evolution of carbon dioxide has ceased, is shown by the produc- 
tion of oxamide or oxanilide when ammonia or aniline is added. 
These can only be produced from a normal ester of oxalic acid, and 
the more complicated esters in which two glyceryl residues are 
united by two oxalyl residues, although they may exist, are unlikely 
to be produced in large amount. 

As the quantity of oxamide obtainable always corresponds, within 
the limits of experimental error, with the amount of allyl alcohol 
obtainable, the correctness of this theory of the process is estab- 
lished. 

The allyl formate, a little of which is always obtained as a 
by-product, results from a similar decomposition of monoformo- 


. This on heating decomposes 


a 


4 
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CH,-——CH- CH, 0-CHO 
0-CO-CO-O 

formin by the action of oxalic acid or from dioxalin by the 
formation and decomposition of an acid oxalate. 

The small amount of acrolein and the large quantity of carbon 
monoxide which also are formed as by-products in the reaction 
result from the decomposition of glycerol and monoformin respec- 
tively by heat, the latter yielding carbon monoxide and glycerol, 
as formic acid yields carbon monoxide and water, when heated. 

The main reactions, resulting in the production of formic acid, 
allyl alcohol, allyl formate, and carbon monoxide respectively, 
should therefore be formulated thus*: 


dioxalin, , which is produced from mono- 


OH,:0-CO-H 

_y CHOH = +00, 
HOH © CH,-0-CO-CO,H — On, 011 
CH-OH 2 CH-OH 


= ‘ 
CH,°OH CH,:OH ioe CH,*0-CO 
CH-O-Co 
Ci, OH 
CH,"OH 


—_- CH-OH +CO 
CH,"0°CO-H nae CH,-OH 
—> CH:-OH 


ie 
| a { ‘ ‘ 
CH,"OH Conn > CH,°0-CO-CO,H 
Cony CH-OH +H°C',H 
CH,-OH 
CH, 
CH 2CO 
™ a iiacaae. 
CH,°0°CO ae CH,:OH 
—> CH-O-CO 
| i = 
buyoH ay GHO-GO GH, 
Co,4 GH-O-Co —* CH + 3C0, 


CH,"0-CO-CO,H — CH,*0-CO-H 


Action of Anhydrous Oxalice Acid on Ethyl Formate. 


One hundred grams of ethyl formate (2 mols.) were heated to 
boiling for five hours with 60 grams (1 mol.) of anhydrous oxalic 
acid. Eleven grams of oxalic acid, which crystallised out on cooling, 
were filtered off, and as much as possible of the unchanged ethyl 
formate distilled off.under the ordinary pressure on a water-bath. 

* In the first action, either the a- or the 8-hydroxyl group may iuteract, the first 
only is represent:d as acting. Di- and possibly tri-formin may also be similarly 
produced in small quantity and react similarly. 
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The mobile, strongly acid, pungent-smelling residue, which weighed 
71 grams and still contained some ethyl formate, was fractionated 
under diminished pressure, when 12 grams of formic acid, 20 grams 
of ethyl hydrogen oxalate, and 12 grams of ethyl oxalate were 
obtained. 


Action of Anhydrous Oxalic Acid on Glycerol. 


Nine grams of finely-powdered anhydrous oxalic acid (1 mol.) 
were thoroughly mixed with 184 grams (20 mols.) of glycerol 
(D 1°2638), and the acid dissolved by warming to about 50° for a 
short time. The liquid was then allowed to remain for three months 
at the laboratory temperature, small weighed quantities being 
removed from time to time, and the free acid titrated with 
NV /10-potassium hydroxide. The titre fell rapidly at first, and more 
slowly afterwards, until it became practically constant at about 
54 per cent. of its original value. No recognisable amount of carbon 
dioxide was at any time given off. 

An excess of concentrated aqueous ammonia was added to a 
quantity of the final product, when a copious precipitate consisting 
of oxamide and ammonium oxamate was formed. The addition 
of concentrated aqueous ammonia to a similar quantity which had 
been neutralised as rapidly as possible by V/10-potassium hydroxide 
gave no oxamide, showing that the normal ester is very rapidly 
partly hydrolysed to a salt of the acid ester. 

When concentrated aqueous ammonia is added to precipitate the 


oxamide this partial hydrolysis takes place to a considerable extent, 


so that a much larger yield of oxamide with a correspondingly 
smaller yield of ammonium oxamate is obtained when a saturated 
alcoholic solution of ammonia is used. 

When the product obtained as above by the interaction of oxalic 
acid and glycerol is warmed for some hours to about 90° with excess 
of aniline, a mixture of oxanilic acid and oxanilide is produced, 
which can easily be separated on account of the sparing solubility 
of the latter. 

The fall of the titre and the production of these compounds show 
that an acid ester and a normal ester are formed without evolution 
of carbon dioxide when glycerol and oxalic acid interact. 

If such a mixture is heated until the first evolution of carbon 
dioxide ceases and is then allowed to react with alcoholic ammonia 
or aniline, although oxamide or oxanilide is obtained as before, 
neither oxamic acid nor oxanilic acid is produced, showing that 
during the first evolution of carbon dioxide the acid oxalic ester is 
decomposed. 

In the normal ester the oxalyl residue must be attached in the 
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, CH,———CH-CH,:0OH; 
manner shown in the formula bc 0-00" 

similar way. This normal ester decomposes during the second 
evolution of carbon dioxide, for if the product left when the 
disengagement of gas has ceased is treated with ammonia no 
oxamide is obtained. 

In order to prove experimentally that the allyl alcohol is formed 
by the decomposition of this normal ester, it is necessary to show 
that the amount of the latter formed corresponds with the amount 
of allyl alcohol obtainable by further heating the product. 

Sixty-three grams of anhydrous oxalic acid and 252 grams of 
glycerol, the relative proportions found most advantageous by 
Tollens and Henninger, were mixed and heated for a few hours 
to 80-—-90° on a water-bath, and then under diminished pressure 
until the temperature of the liquid reached 180°. The product 
thus obtained weighed 280 grams. A tenth of this (28 grams) 
was cooled, mixed with a cold saturated solution of ammonia 
in absolute alcohol, and a rapid stream of dry ammonia passed 
through the liquid for some minutes. The heavy, white precipitate 
of oxamide which was deposited was collected, well washed with 
hot water and alcohol, and dried. It was found to weigh 1°8 grams. 
The remainder (252 grams) was then heated under the ordinary 
atmospheric pressure until the temperature of the liquid reached 
270°. The distillate, which weighed 24°5 graims, was allowed to 
remain over dry potassium carbonate, then separated, the potassium 
carbonate washed with a littie ether, and the mixed liquids frac- 
tionated, using a distilling column. Nine grams of allyl alcohol of 
correct boiling point were obtained. 

The amount of oxamide precipitated from the one-tenth shows 
that in the remainder which was distilled there must have been 
26°8 grams of the normal ester, which should have yielded 10°6 
grams of allyl alcohol. 

The result is within the limits of experimental error considering 
the conditions of the experiment, and proves that the formation 
of allyl alcohol is due to the decomposition of the normal ester. 
The quantity of allyl formate produced was too small to be isolated 
satisfactorily ; if its amount could have been determined the approxi- 
mation would have been somewhat closer. 

On treating with alcoholic ammonia, the residue left after heating 
to 270°, from which no more allyl alcohol could be obtained, no 
oxamide was precipitated. 

The carbon monoxide so freely liberated during the later stages 
of the heating is formed by the decomposition of the mono- and 
possibly di-formin produced during the first evolution of carbon 


or in some 
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dioxide, whilst the acrolein also produced is due to a decomposition 
of the glycerol itself at the high temperature of the reaction. The 
whole of the monoformin is not destroyed at the temperature at 
which the normal ester decomposes, and if the residue, even after 
heating to 250—260°, is distilled in a current of steam a small 
quantity of formic acid can be obtained, 


In conclusion, the author desires to express his thanks to Mr. 
Dalziel, General Manager of Price’s Candle Company, who kindly 
supplied him with the specially distilled glycerol (D 1°2638) with 
which the work was carried out. 


UNIVERSITY CHEMICAL LABORATORY, 
OXFORD. 


XXI.—WNitro-acids Derived from 2:3-Dimethoxy- 
benzoic Acid and 4-Methoxyphthalic Acid. 


By Joun Canne_t Carn and Jonn Lionet Simonsen. 


Durine the course of an investigation of the products obtained 
by the oxidation of nitrosantalin dimethyl ether with potassium 
permanganate (T., 1912, 101, 1073) we isolated certain acids which 
appeared to us to be nitro-derivatives of 2: 3-dimethoxybenzoic 
acid and 4-methoxyphthalic acid. Since our knowledge of these 
isomeric acids is somewhat scanty, we were unable to identify the 
acids isolated, and we have therefore attempted the synthesis of 
the three isomeric nitro-2 : 3-dimethoxybenzoic acids and also of the 
mononitro-derivatives of 4-methoxyphthalic acid. Although we 
have not succeeded in preparing all six acids, we have devised 
methods for the preparation of four of them. 

Of the three isomeric nitro-2: 3-dimethoxybenzoic acids, only 
6-nitro-2: 3-dimethoxybenzoic acid (I) has so far been described, 


OMe OMe OMe 
/ YoMe / ‘oMe NO,/ NoMe 
Cu,H NO. _/co,H CO,H 
SO ‘i : be i 


2 
(I.) (IIL.) (IIL) 
having been prepared by Wegscheider and Klemenc (Monatsh., 
1910, 31, 709) by the nitration of hemipinic acid, during which 
process one of the carboxyl groups was eliminated. They also 
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brought forward evidence which left no doubt as to the constitution 
of the acid they obtained. 

When 2: 3-dimethoxybenzoic acid is nitrated under the con- 
ditions described in the experimental part of this paper (p. 159), 
the main product of the reaction is an acid which melts at 
174—175°. This acid must be 5-nitro-2: 3-dimethorybenzoic acid 
(II), since it yields 4-nitroveratrole when heated with aniline. 

We have carried out a large number of experiments with the 
view of devising a method for the synthesis of the remaining, 
isomeride, namely, 4-nitro-2: 3-dimethoxybenzoic acid (III), especi- 
ally owing to the fact that the acid isolated by us from the 
oxidation of nitrosantalin dimethyl ether is apparently this acid. 
Unfortunately our efforts have so far not met with success. 

When 3-hydroxy-o-tolyl methyl ether (IV) is nitrated (see 
p. 160), it yields a dinitro-derivative, which is probably best repre- 
sented by the formula (V). This compound, on methylation and 


Me Me Me Me 
: Me _, NO,“ NoMe_, NO,“ OMe _, NO,” OMe 
OH ~ \OMe~ | Jome ~ 
Jou — No, oH > NH, OMe \ OMe 
(IV.) (vV.) (VL) (VIL) 
be 
CO,H Me CO,H Me 
NO,’ )oMe __ OMe_, ( ‘oMe NO NoMe 
. }OMe NO OMe ~* NO. OMe OH 
Ww 7 JF ¥Y. 
IN 


(I.) (VIII.) (IL.) (Va.) 
reduction, yields 2-nétro-5 : 6-dimethoxy-m-toluidine (VI), which, on 
elimination of the amino-group, gives 6-nitro-2: 3-dimethorytoluene 
(VII). The constitution of this substance is definitely proved by 
the fact that it gave on oxidation 6-nitro-2: 3-dimethoxybenzoic 
acid (I), identical in all respects with the acid described by 
Wegscheider and Klemenc (loc. cit.). From this it follows that 
the dinitro-derivative mentioned above must be represented by 
either formula V or Va. An attempt was made to decide between 
these two formule by the preparation of the diamine, since this 
should, were it an ortho-diamine, yield a phenazine derivative: 
The results obtained in these experiments were, unfortunately, 
inconclusive. We are, however, of the opinion that this substance 
is 5: 6-dinitro-3-hydrory-o-tolyl methyl ether (WV), since, on 
methylation and reduction, it yields only one nitroamine, whereas 
if it weré represented by formula Va, one would expect to obtain 
a mixture of the two isomeric nitroamines. It has been pointed 
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out recently by Hewitt, Johnson, and Pope (T., 1913, 108, 1628) 
that phenols possessing a nitro-group in the ortho-position with 
respect to the hydroxy-group are esterified only with great diffi- 
culty. Although the nitro-group in 5: 6-dinitro-3-hydroxy-o-tolyl 
methyl ether is in the meta-position with respect to the hydroxy- 
group, we have in this case, too, found great difficulty in obtaining 
the methyl ether. It is possible that this may be due in part to 
the sparing solubility of the potassium salt. 

We next investigated the nitration of 2: 3-dimethorytoluene, 
and we have found that in this case a mononitro-derivative (VIII) 
is formed, the nitro-group entering position 5 in the nucleus, since 
on oxidation 5-nitro-2: 3-dimethoxybenzoic acid, identical with the 
acid formed by the nitration of 2: 3-dimethoxybenzoic acid, was 
obtained. 

So far as we are aware, the three isomeric nitro-4-methoxy- 
phthalic acids have not so far been prepared. The preparation of 
two of these acids did not offer any great difficulty, and is readily 
followed from the scheme given below: 


NO, NO, 
Meo \”\—> MeO” YCO,H MeO’ YCO,H <— Meo” )Me 
v7 OF seis am BO, AOR mh, | 
(XL) (IX) AAS) (XIIL.) 
x & 
Me0” \CO,H 


\ /20all 


(XII.) 

When 4-methoxyphthalic acid (XII) is nitrated, a mixture of 
acids is obtained, which can be readily separated by means of the 
difference in the ease with which they undergo esterification (see 
p. 162). The acid, which was completely esterified under the 
conditions of the experiment, gave a methyl ester melting at 115°, 
and was evidently 5-nitro-4-methoxyphthalic acid (X), the acid 
itself melting at.201°. That this view is correct was confirmed by 
the fact that when 5-nitro-4-methoxy-o-xylene (XIII) was oxidised, 
it yielded the same acid. 

The other product of the nitration was an acid which melted at 
215—217°. This acid must obviously be either 3-nétro-4-methozy- 
phthalic acid (IX) or the isomeric 6-nitro-acid. That it is the 
former is proved by the fact that it was prepared by the oxidation 
of 1-nitro-2-naphthyl methyl ether (XI). 
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EXPERIMENTAL. 
5-Nitro-2: 3-dimethoxybenzoic Acid (II). 


As has been mentioned in the introduction (pp. 157, 158), we 
have devised two methods for the preparation of this acid. 

(1) Nitration of 2: 3-Dimethorybenzoic Acid.—-2: 3-Dimethoxy- 
benzoic acid (1 gram) was mixed with nitric acid (D 1°25; 20 c.c.), 
and allowed to remain in the cold for ten minutes with constant 
stirring. The solid gradually passes into solution, and in a short 
time the liquid becomes pasty owing to the separation of the nitro- 
acid. This was collected and purified by crystallisation from hot 
water. Yield, 0°65 gram: 

0°1084 gave 0°19 CO, and 0:°043 H,O. C=47:8; H=4°4. 

C,H,O,N requires C=47°6; H=3°'9 per cent. 

5-Nitro-2 : 3-dimethoxrybenzoic acid separates from hot water, in 
which it is only sparingly soluble, in prismatic needles, melting at 
174—175°. 

(2) Nitration of 2: 3-Dimethoxrytoluene.*—2: 3-Dimethoxytoluene 
(6 grams) was dissolved in acetic acid (6 grams), and after cooling 
in a freezing mixture was gradually treated with a mixture of 
nitric acid (D 14; 9 grams) and acetic acid (9 grams). In a 
short time, crystals of 5-nitro-2: 3-dimethoxytoluene (VIII) 
separated. These were collected, well washed with water, and 
drained on porous porcelain (yield, 3 grams). For analysis, the 
nitro-compound was recrystallised from dilute alcohol, from which 
it separated in fine, colourless needles, melting at 175—176°: 

0°1168 gave 0°2333 CO, and 0°0565 H,O. C=54'5; H=5'4. 

C,H,,0,N requires C=54'8; H=5°6 per cent. 

The mother liquors from the nitration gave a further quantity 
of the same substance on dilution with water. 

Oxidation of 5-Nitro-2: 3-dimethoxrytoluene. — 5-Nitro-2: 3-di- 
methoxytoluene (3 grams) was suspended in dilute sodium carbonate 
solution, and heated to boiling for several hours with a 5 per cent. 
solution of potassium permanganate (350 c.c.). After removing 
the manganese dioxide, the solution was concentrated and acidified, 
when the nitro-acid separated as a flocculent precipitate. The acid 
was collected, and, after crystallisation from hot water, it melted at 
174—175° and, was identical in every way with the acid obtained 


* 2:8-Dimethoaytoluene, CyH;.0., does not seem, so far as we are aware, to have 
been previously prepared. It was readily obtained by methylating 3-hydroxy-o-tolyl 
methyl ether by means of methyl sulphate and potassium hydroxide, when it 
separated as a pleasant smelling liquid boiling at about 202—203°. 
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by the nitration of 2: 3-dimethoxybenzoic acid (Found, C=47°8; 
H=4'1. C,H,O,N requires C=47°6; H=3'9 per cent.). 

Ethyl 5-nitro-2: 3-dimethoxybenzoate, which was prepared from 
the silver salt by means of ethyl iodide in the usual manner, 
crystallises from alcohol in fine, felted needles, melting at 79°: 

0°1222 gave 0°2323 CO, and 0°0540 H,O. C=51'8; H=5°0. 

C,,H,,;0,N requires C=51°8; H=5'l per cent. 

In order to prove the constitution of the acid prepared by the 
methods described above, it was converted into 4-nitroveratrole in 
the following manner. The acid (2 grams) was mixed with aniline 
(5 cc.) and heated on the sand-bath for one hour. The dark 
brown product was cooled, poured into dilute sulphuric acid and 
extracted with ether, when, on evaporation of the solvent, a semi- 
solid mass was obtained. This was drained on porous porcelain, 
and the solid remaining was found to consist of a phenolic acid, 
and not further examined. 

The plate which contained the main product of the reaction was 
extracted in the usual manner, and the oil thus isolated was 
methylated with methyl sulphate. In this way a yellow solid was 
obtained which crystallised from alcohol in needles, melting at 
95—96°. When mixed with 4-nitroveratrole obtained from another 
source the melting point was unaltered. 


Nitration of 3-Hydrozy-o-tolyl Methyl Ether (IV). 


5: 6-Dinitro-3-hydrozy-o-tolyl Methyl Ether (V).—For the pre- 
paration of this substance the phenol (5 grams) was dissolved in 
acetic acid (5 grams), and after cooling in a-freezing mixture a 
solution of nitric acid (D 1°4; 8 grams) in acetic acid (8 grams) 
was slowly added. The deep brown solution was allowed to remain 
for fifteen minutes in the cold, and then poured on ice, when a 
brown oil separated. This was dissolved in ether, the ether 
evaporated, and the viscid oil thus isolated was mixed with excess 
of a concentrated solution of potassium hydroxide, when a sparingly 
soluble potassium salt (2°5 grams) was deposited. This was 
collected and decomposed with dilute hydrochloric acid, when the 
phenol was obtained as a pale yellow oil, which rapidly solidified. 
On crystallisation from dilute alcohol, 5: 6-dinitro-3-hydrozy- 
o-tolyl methyl ether separated in sulphur-yellow needles, melting 
at 61°: 

0°1307 gave 0°2035 CO, and 0°0445 H,O. C=42°5; H=3°8. 

C,H,0O,N, requires C=42°1; H=3'5 per cent. 

The phenol gives no colour with ferric chloride, and the potassium 

salt crystallises from water, in which it is only sparingly soluble, 
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in yellow needles, which, when heated, explode with considerable 
violence. 

5: 6-Dinitro-2 : 3-dimethoxytoluene.—Great difficulty was expe- 
rienced in preparing this substance, but ultimately the following 
method was found to give satisfactory results. The dry and finely 
powdered potassium salt of the phenol (7 grams) was mixed with 
methyl sulphate (5 grams) and heated in a sealed tube for three 
hours at 140—150°. The product, which was slightly charred, was 
extracted with ether, the solution washed with potassium hydroxide 
solution to remove any unchanged phenol, and evaporated, when 
5: 6-dinitro-2 : 3-dimethozytoluene was obtained. On crystallisation 
from alcohol, it separated in colourless plates, melting at 76—77°: 

0°146 gave 0°2372 CO, and 0°0582 H,O. C=443; H=4°4. 

CyH,O,N, requires C=44°5; H=4'1 per cent. 

When this dinitro-compound was reduced with tin and hydro- 
chloric acid in the usual manner, the diamine was isolated as a 
colourless solid, which darkened with extreme rapidity on exposure 
to the air. Attempts to prepare a phenazine derivative by means 
of phenanthraquinone were unsuccessful, but for the reasons stated 
in the introduction we are inclined to the view that the amino- 
groups occupy the 5: 6-positions. 

2-Nitro-5 : 6-dimethory-m-toluidine (VI1).—This substance was 
obtained in an excellent yield when 5: 6-dinitro-2: 3-dimethoxy- 
toluene was reduced by ammonium hydrogen sulphide. The amine 
separates from alcohol in orange-coloured, prismatic needles, melting 
at 95°: 

0°1328 gave 0°2463 CO, and 0°0703 H,O. C=50°4; H=5°9. 

CyH,,0,N, requires C=50°9; H=5'7 per cent. 

6-Nitro-2: 3-dimethorytoluene (VII).—The nitroamine just 
described (0°7 gram) was dissolved in alcohol (10 c.c.), and, after 
the addition of sulphuric acid (0°7 gram), amyl nitrite (1 gram) 
was slowly added to the well-cooled mixture. After fifteen minutes 
the solution was heated on the water-bath until the evolution 
of nitrogen had ceased. On the addition of water an oil separated 
and rapidly selidified. It was collected and purified by repeated 
crystallisation from dilute alcohol, when it separated in fine needles, 
melting at 47-—48°: 

0°1067 gave 0°2055 CO, and 0-051 H,O. C—52:5; HW=5°3.* 

C,H,,0O,N,4H,O requires C=52°4; H=5°8 per cent. 

Oxidation of 6-Nitro-2 : 3-dimethoxytoluene.—The nitro-compound 
(1 gram) was suspended in dilute sodium carbonate solution and 
treated with a 5 per cent. solution of potassium permanganate until 


* Analysis of a different specimen gave C=52°4, H=5-2. 
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a permanent pink colour was obtained. After removing the 
manganese dioxide the solution was concentrated, and on acidifi- 
cation 6-nitro-2: 3-dimethoxybenzoic acid separated as a flocculent, 
white precipitate. This was collected and purified by crystallisation 
from hot water, when it was obtained in needles melting at 185°. 
Wegscheider and Klemenc (loc. cit.) give 189—190° (Found, 
C=47°3; H=4°3. C,H,O,N requires C=47'6; H=3'9 per cent.). 
The identity of this acid with that obtained by the above mentioned 
authors was confirmed by the preparation of the methyl ester, 
which melted, as stated by them, at 76—77°. 


3- and 5-Nitro-4-methoxyphthalic Acids. 


4-Methoxyphthalic acid (4 grams) was mixed with nitric acid 
(D 1°4; 12 c.c.), and heated on the water-bath for fifteen minutes. 
The acid gradually dissolved, and, on cooling, a small amount of 
solid separated. In order to separate the mixture of acids, the 
solution was diluted with water, extracted with ether, the ethereal 
solution dried and evaporated, when a somewhat viscid, crystalline 
mass was obtained (4°6 grams). This was mixed with methyl 
alcohol (30 c.c.), the solution saturated with hydrogen chloride 
at 0°, and allowed to remain overnight in the cold. On pouring 
into water, an oil separated which was dissolved in ether, the 
ethereal solution washed with sodium carbonate solution (which 
was reserved for further examination, see below), dried and 
evaporated. The viscid o'] thus obtained slowly solidified in fine 
needles, which were drained on porous porcelain * (yield, 0°27 gram). 

Methyl 5-Nitro-4-methozyphthalate was crystallised from methyl 
alcohol, from which it separates in fine, silky needles, melting at 
115°: 

0°1036 gave 0°1866 CO, and 0°0405 H,O. C=491; H=4°3. 

C,,H,,0,N requires C=49'1; H=4'l per cent. 

5-Nitro-4-methoxyphthalic acid (X), obtained by the hydrolysis 
of this ester, crystallises from water in prisms which melt and 
decompose at 201°: 

0°1175 gave 0°1938 CO, and 0°0364 H,O. C=45°0; H=3-4. 

C,H,O,N requires C=44°8; H=2°9 per cent. 

This acid was also synthesised as follows. 5-Nitro-o-4-xylenol 

(Diepolder, Ber., 1909, 42, 2916; Crossley, T., 1913, 101, 1299) 


* This plate was extracted with ethyl acetate, and the oil thus obtained was 
distilled under diminished pressure, when it was found to boil at 187—188°/13 mm., 
and was unchanged methyl 4-methoxyphthalate. A small residue remained in the 
distilling flask, which solidified on cooling and, after crystallisation from methyl 
alcohol, melted at 115°, and consisted of the nitro-ester. 
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was methylated by means of methyl sulphate to 5-nitro-4-methory- 
o-zylene (XIII), which separates from alcohol in very pale yellow 
crystals, melting at 79°: 

0°1685 gave 11°6 c.c. Ny at 20° and 763°3 mm. N=8°0. 

C,H,,0,N requires N=7°7 per cent. 

On oxidation with dilute nitric acid (see Crossley and Renouf, 
T., 1909, 95, 207), a small amount of a nitromethoxy-o-toluic acid, 
C,H,O;N,(Me: CO,H: NO,: MeO=1: 2: 4:5 or 1: 2: 5: 4), crys- 
tallising from water in white needles, melting at 235°, was collected, 
and the filtrate, on evaporation, yielded 5-nitro-4-methoxyphthalic 
acid, melting at 201°. The methyl ester of this acid was proved 
to be identical with that described above. 

The sodium carbonate washings from the ester mentioned above 
were acidified, when a solid separated ; this was dissolved in ether, 
the ether removed, and the resulting solid boiled with alcoholic 
potassium hydroxide, when the potassium salt separated in fine 
needles. These were collected and decomposed with hydrochloric 
acid, and the solution extracted with ethyl acetate. On removing 
the solvent, the acid was obtained in slender needles, which, on 
crystallisation from moist ether, melted and decomposed at 
215—217°: 

0°1029 gave 0°1688 CO, and 0°032 H,O. C=447; H=3'4. 

C,H,O,N requires C=44°8; H=2°9 per cent. 

3-Nitro-4-methozyphthalic acid (IX) is only very sparingly 
soluble in benzene, chloroform, or dry ether, more readily so in 
moist ether. It is somewhat readily soluble in water, ethyl acetate, 
or alcohol. The barium salt separates from a neutral solution of 
the ammonium salt on treatment with barium chloride in long 
needles radiating from a centre, and is only very sparingly soluble 
in water. 

The silver salt, prepared in the usual manner, was obtained as 
a caseous, white precipitate: 

0°1797 gave 0°0855 Ag. Ag=47°6. 

C,H;0O,NAg, requires Ag =47°6 per cent. 

The anhydride, prepared in the usual manner by means of acetyl 
chloride, crystallises from benzene in glistening, prismatic needles, 
melting at 137—138°: 

Found, C=48°6; H=2'7. 

C,H,O,N requires C=48'4; H=2°2 per cent. 

The ethyl ester, prepared from the silver salt, crystallises from 
alcohol in hair-like needles, melting at 93—94°: 

0°1187 gave 0°2293 CO, and 0°0513 H,O. C=52'2; H=4'8. 

C,;H,,0;,N requires C=52°5; H=5:0 per cent. 
M 2 


164 CAIN AND SIMONSEN: NITRO-ACIDS, ETC, 


Oxidation of 1-Nitro-2-naphthyl Methyl Ether (X1). 


1-Nitro-2-naphthyl methyl ether (12 grams) was suspended in 
dilute sodium carbonate solution and heated on the water-bath 
with excess of potassium permanganate solution until the oxidation, 
which proceeds only very slowly, was complete. After separating 
the manganese dioxide, the solution was concentrated, acidified, 
and extracted several times with ethyl acetate. On removing the 
solvent, an oil (3 grams) was obtained, which rapidly solidified. 
After draining on porous porcelain, it was crystallised from a small 
amount of water, when a sparingly soluble acid separated in needles 
(1). The filtrate was evaporated to dryness, the residue (2°8 grams) 
dissolved in methyl alcohol, and the solution saturated with 
hydrogen chloride and allowed to remain overnight. It was then 
poured into water, extracted witl ether, the ethereal solution 
washed with sodium carbonate solution, dried and evaporated. 
The ester obtained in this way was reserved for later investigation 
(seo B below). 

The sodium carbonate washings from the above-mentioned ester 
were acidified, and the solid which separated was dissolved in 
ether. The crysta!line acid thus obtained evidently contained traces 
of an ester, and was therefore mixed with alcoholic potassium 
hydroxide, when the potassium salt separated in fine needles. The 
free acid obtained from the potassium salt was crystallised from 
moist ether, when it was found to melt and decompose at 215—217°, 
and was identical with the acid obtained by the nitration of 
4-methoxyphthalic acid. The identity was confirmed by deter- 
mination of the mixed melting points of the anhydride and of the 
ethyl ester. There is therefore no doubt that the acid obtained 
by the nitration of 4-methoxyphthalic acid is 3-nitro-4-methoxy- 
phthalic acid. r 

It was mentioned above that a sparingly soluble acid (4) was 
isolated on crystallising the crude oxidation product from water. 
For the purpose of purification this acid was converted by means 
of its silver salt into the ethyl ester, which separates from alcohol 
in small prisms, melting at 113°: 

0°1135 gave 0°2218 CO, and 0°053 H,O. C=53'3; H=5°3. 

C,9H,,0;N requires C=53°3; H=4°9 per cent. 

This is apparently ethyl 2-nitro-3-methoxybenzoate, which does 
not seem to have been previously prepared. With the object of 
seeing if this were the case, the remainder of the ester was hydro- 
lysed, and the acid, after isolation in the usual manner, crystallised 
from hot water, when it separated in needles. The determination 
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of the melting point was found to give considerable difficulty, since 
it was not at all definite, and depended on the rate of heating. 
If the bath is previously heated to 135°, and the capillary tube 
then introduced, the acid becomes slightly yellow at 145°, and 
melts with very vigorous decomposition at 205—207°. 
2-Nitro-3-methoxybenzoic acid has been previously prepared by 
Rieche (Ber., 1889, 22, 2352), and is stated to decompose at 251°. 
It is possible that the difference observed is due to water of 
crystallisation, since our acid, after drying in a vacuum over 
sulphuric acid, evidently contained water of crystallisation : 
0°1112 gave 0°1734 CO, and 0°0352 H,O. C=42°5; H=3°6. 
C,H,O;N,14H,O requires C=42°9; H=4'4 per cent. 
Unfortunately we had not sufficient of this acid for further 
investigation, but there seems little doubt from the method of its 
preparation that it has the constitution assigned to it. 
The methyl ester mentioned above (B) consisted of methyl 
phthalate, since on hydrolysis it gave phthalic acid, which was 
identified by the usual tests. 


In conclusion we desire to express our thanks to Dr. C. Weizmann 
for kindly supplying us with the 4-methoxyphthalic acid used in 
this work, and to the Research Fund Committee of the Chemical 
Society for a grant which partly defrayed the cost of the investi- 
gation. 


24, AYLESTONE AVENUE, PRESIDENCY COLLEGE, 
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XXII.—Aromatic Compounds Obtained from the Hydro- 
aromatic Series. Part III. Bromoxylenols from 


Dimethyldihydroresorein. 
By Artuur WILLIAM Cross.Ley and Nora Renovr. 


In the course of an investigation on the action of phosphorus 
haloids on dimethyldihydroresorcin (Crossley and Le Sueur, T., 
1903, 83, 110), it was shown that the primary products of the 
reactions, which were of a hydroaromatic nature, readily underwent 
rearrangement to form aromatic substances. More particularly was 
this the case when phosphorus pentabromide was employed, and 
from the resulting products there were isolated a monobromoxylenol, 
melting at 84°, and a dibromoxylenol, melting at 97°, both of which 
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substances were shown to be derivatives of o-3-xylenol, because on 4 
treatment with bromine they gave tribromo-o-3-xylenol, melting at 

183°. Further, it was stated that a second tribromoxylenol had 

been encountered, melting at 177°, but this has iow been proved, 

despite its constant melting point, to be a mixture of the tribromo- 
derivatives of 0-3-xylenol and o0-4-xylenol. 

The question of the constitution of the mono- and di-bromo- 
xylenols was not studied in detail at the time, although it was : 
pointed out that the conversion of the hydroaromatic substances 
into aromatic compounds took place so readily, that the reactions 
might afford the easiest means of preparing certain substituted’ 
xylenols, otherwise difficult of production. Such is indeed the case, 
as is proved by the work now described. 

On renewing the study of the direct action of phosphorus penta- 


bromide on dimethyldihydroresorcin, it was soon found that the é 
reactions are of an extremely complicated nature, being susceptible 
to the slightest variation in experimental conditions. For example, 


on repeating the experiment (loc. cit., p. 128) in which the mono- 
bromoxylenol, melting at 84°, was originally obtained, and employ- 
ing apparently precisely the same conditions, neither the mono- : 
bromoxylenol (m. p. 84°) nor the dibromoxylenol (m. p. 97°) was 
actually isolated, but in their place a new bromoxylenol, melting at 
103°. It is, however, certain that, with the additional knowledge 
of the properties of the derivatives of these substances, accumulated 
during the progress of the present work, all three xylenols could 
now be isolated from the mixture. 

In the paper already alluded to, it was shown that the primary 
products of the action of phosphorvs pentabromide on dimethyl- 
dihydroresorcin or of phosphorus tribromide on bromodimethyl- 
dihydroresorcin were dibromo- and tribromo-dimethylcyclohexenones 
(I and II), and the statement was made that “the xylenol obtained 
in the latter reaction must be produced by rearrangement of either 
mono- or di-bromodimethyleyclohexenones (dibromoketodimethy? 
tetrahydrobenzene).” 
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C(CH,), (CH) 
H,C/ SCH, HC None ? 
_— An Bic )co 

CBr CBr 

(I.) (II.) 


It was therefore decided to study the possible transformations 
of these substances and also tribromodimethyleyclohexenone to 
aromatic compounds, because, as their constitutions are known, it 
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would be easier to obtain clues as to the orientation of the bromo- 
xylenols produced from them. 

The reagents employed for the transformations were potassium 
hydroxide in alcoholic solution, which gives rise to derivatives of 
o-3-xylenol only; and heat, which produces derivatives of both 
o-3-xylenol and o-4-xylenol. 

Other reagents were also tried, for example, (a) sulphuric acid, 
which, however, is of little value, because, although xylenols are 
produced, the reaction is complicated by the presence of bromine, 
due to the action of the sulphuric acid on the liberated hydrogen 
bromide, which appears to cause bromination to take place in the 
side-chain as well as in the nucleus; (4) nitric acid (D 1°42), which 
does not give rise to aromatic compounds, but partly oxidises the 
hydroaromatic bromoketones, and also brominates them (compare 
T., 1904, 85, 273); (c) diethylaniline, which does not transform 
the hydroaromatic substances when heated to 210—220° for a few 
minutes, and on prolonged heating gives rise only to resinous 
products. 

The various bromoxylenols isolated in the course of the work 
were identified, although as a rule no details are mentioned in the 
practical portion of the paper, by analysis in some cases, and 
always by the determination of the mixed melting points of the 
substances themselves and of their benzoyl derivatives with synthetic 
preparations of similar compounds. 

Having first established the fact that bromodimethyleyelo- 
hexenone does not give aromatic compounds with the above- 
mentioned reagents, the next action tried was that of potassium 
hydroxide on dibromodimethylcyclohexenone (III), which gives 
rise to 5-bromo-o-3-xylenol (IV) and small quantities of 4: 5-di- 


CH, ((CH,), CH, 

/ Now, <- Hf \CH, / on, 

- 3B Br. OH 
~ ~~ s a, 
CBr Br 
(IV.) (III.) (V.) 


bromo-o-3-xylenol (V). The yield of bromoxylenols is not large, 
and the main product of the reaction is a liquid, insoluble in 
potassium hydroxide, which appears to consist mainly of ethoxy- 
compounds, their formation being explained by the fact that the 
reaction is carried out in alcoholic solution. The formation of 
ethoxy-compounds under these conditions has frequently been 
noticed, as, for example, in the action of alcoholic potassium 
hydroxide on 1: 2-dibromocyclohexane, when the product is mainly 
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ethoxycyclohexene (T., 1904, 85, 1415; compare also T., 1905, 87, 
1499). 

The above rearrangement is extremely interesting, but of a 
somewhat startling nature when an attempt is made to account in 
an adequate manner for its mechanism. No simple explanation 
is forthcoming, for the reaction necessitates a wholesale migration 
of atoms of which the most unexpected is perhaps the initial 
removal of hydrogen bromide, the bromine from carbon atom 4 
with a hydrogen atom in the meta-position to it at either 2 or 6. 
Simultaneously with this movement a hydrogen atom in either 
position 2 or 6 must wander into the meta-position to replace the 
bromine atom thus removed. 

From a casual glance at the formula for dibromodimethyleyc/o- 
hexenone, it would seem that the bromine atom in position 5 would 
certainly be the one to be removed as hydrogen bromide together 
with one of the hydrogen atoms in position 6. Yet such is not 
the case, for the constitution of the resulting bromoxylenol has 
been proved by synthesis (T., 1913, 103, 2179), and therefore there 
can be no doubt that it is the bromine atom in position 4 which is 
eliminated. 

Tt is, however, to be noted that, as in so many instances already 
quoted (T., 1902, 81, 1533; 1904, 85, 264; 1906, 89, 875; 1908, 
93, 633), the methyl group has again wandered into an ortho- 
position. 

It would seem that the production of a small amount of 4: 5-di- 
bromo-o-3-xylenol in this process can only be due to side reactions, 
where bromine is liberated, causing further bromination, of 
5-bromo-o-3-xylenol, as it is impossible for a dibromoxylenol to 
result from dibromodimethyleyc/ohexenone by the removal of the 
elements of hydrogen bromide. 

When dibromodimethyleyclohexenone is heated, hydrogen 
bromide is evolved, and about half the weight of substance taken 
is recovered as a mixture of 5-bromo-o-3-xylenol (VI), melting at 
84°, and 6-bromo-o-4-xylenol (VII), melting at 103°. - 


CH, 0(CH;), CH, 
/ Nou H,c’ \cH, cH,” 
Br‘ OH Br, CO 
a? \Y/ ~ 
(VI.) CBr (VIL.) 


There is again the same difficulty in offering any adequate 
explanation of these transformations, but a new point of interest 
is raised. Again a methyl group has wandered into an ortho- 
position, but in the one case from position 1 to position 2, whereas 
in the second case, the wandering is from position 1 to position 6, 
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This is the first occasion on which this particular wandering has 
been noticed by the present authors. 

Although, as already pointed out, it would seem probable that 
the hydrogen and bromine atoms in positions 5 and 6 would be 
eliminated as hydrogen bromide, this is not the case, for hydrogen 
bromide is again removed from carbon atoms in the meta-position 
to one another. The production of derivatives of o-3-xylenol and 
of o-4-xylenol is due to the swinging of a methyl group in the 
one case from position 1 to position 2, and in the other case 
from position 1 to position 6, otherwise the rearrangement is of an 
entirely similar nature. 

In the previous paper (loc. cit., p. 115) it was stated that bromo- 
dimethyleyclohexenone readily absorbed bromine, giving off 
hydrogen bromide and undergoing a transformation which had not 
been worked ovt, so that dibromodimethyleyclohexenone (VIII) 
could not be obtained by the action of bromine on bromodimethyl- 
cyclohexenone (IX), which seemed somewhat remarkable in view 
of the action of bromine on the similarly constituted dimethy]l- 
dihydroresorcin and of the stability of dibromodimethylcyclo- 
hexenone. 


C(CHs), C(CH;), 
H,C/ \OH, H,C/ cH, 
Bro CO Br, 00 

CBr CH 

(VIII. ) (IX.) 


In again carrying out this action of bromine on bromodimethyl- 
cyclohexenone, although only minute quantities of dibromodimethy]l- 
cyclohexenone have been actually isolated, there can be no doubt 
that this substance is, in reality, the main product of the reaction, 
although it cannot be separated on account of admixture with 
unchanged bromodimethyleyclohexenone and some _ tribromodi- 
methyleyclohexenone, as is also the case in the action of phosphorus 
tribromide on bromodimethyldihydroresorcin (Joc. cit., p. 121). 
This would seem to be demonstrated beyond doubt by a study of 
the transformation products of the liquid obtained initially from 
the action of bromine on bromodimethyleyclohexenone, which is 
totally insoluble in potassium hydroxide, and entirely hydro- 
aromatic in nature. 

This crude material gave, on treatment with potassium hydroxide 
in alcoholic solution, mainly 5-bromo-o-3-xylenol and small 
quantities of 4: 5-dibromo-o-3-xylenol, in approximately the same 
proportions as when these xylenols were obtained by the action 
of alcoholic potassium hydroxide on pure dibromodimethyleyclo- 
hexenone, 
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Moreover, the crude product gave, when heated, 5-bromo- 


o-3-xylenol and 6-bromo-o-4-xylenol, again the same products and 
in approximately the same proportions as have been obtained by 
the action of heat on pure dibromodimethylcyclohexenone. 

Incidentally, it may be mentioned that this process provides a 
much easier method for the preparation of these two bromoxylenols 
in quantity than the methods described for their syntheses (T., 1913, 
108, 1297, 2179). 

When tribromodimethyleyclohexenone (X) is transformed either 
under the influence of heat or of potassium hydroxide in alcoholic 
solution, the only bromoxylenol isolated is 4: 5-dibromo-o-3-xylenol, 
melting at 97°. There is a doubt as to the position of the third 
bromine atom in tribromodimethylcyclohexenone (loc. cit., p. 114), 
which may be represented by either of the two formule X or XI, 


C(CH,). O(CH,), 
H,C/ CHB: Bric’ CH, 
Bry CO BrC\ CO 

CBr CBr 

(X.) (XL) 


although the former would appear to be the more likely. Which- 
ever of the two positions is actually occupied by the bromine atom 
is, however, of no importance on the present occasion, because, as 
shown by the synthesis of 4: 5-dibromo-o-3-xylenol (T., 1913, 108, 
989), this is the bromine atom eliminated from the molecule, and 
hence again hydrogen and bromine are removed as hydrogen 
bromide when occupying the meta-position to one another. 


ExPERIMENTAL. 


Preparation of 4: 5-Dibromo-1 : 1-dimethylcyclohezen-3-one 
(4: 5-Dibromo-3-keto-1: 1-dimethyl-A*-tetrahydrobenzene). 


The conditions originally given (T., 1903, 83, 121) for the pre 
paration of dibromodimethylcyclohexenone have been modified, the 
quantities of materials now used being 25 grams of anhydrous 
bromodimethyldihydroresorcin (3 mols.), 100 grams of dry chloro- 
form, and 15°5 grams (14 mols.) of phosphorus tribromide, and 
heating was only continued for one and a-half hours. The yield 
of dibromodimethyleyclohexenone is thereby doubled, being from 
6 to 7 grams, but although the mother liquor (A, see below) contains 
much more of this substance, it cannot be isolated on account of 
its solublity in the accompanying bromodimethylceyclohexenone. 
In the previous paper (loc. cit., p. 114) it_was pointed out that 
“the production of bromodimethylcyclohexenone (XII) from bromo- 
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dimethyldihydroresorein (XIII) is a reaction for which no adequate 
explanation is at present forthcoming. ” 


C(CH,), C(CH,), 
H,C/ NCH, H,C/ cH, 
Bry _}CO HOC, co 

rad \WA 

CH CBr 

(XII.) (XIIL.) 


It is, however, most probably due to the fact that bromodimethyl- 
dihydroresorcin crystallises with 1H,O, which is not easy to remove 
completely when working with the substance in large bulk. Hence 
the hydrogen bromide formed by the action of phosphorus tribromide 
with this molecule of water, would hydrolyse the bromodimethyl- 
dihydroresorcin to dimethyldihydroresorcin, which would then be 
acted on by phosphorus tribromide to form bromodimethyleyclo- 
hexenone. This supposition seems to be supported by the fact that 
in one preparation where crystalline bromodimethyldihydroresorcin 
had been employed, without being dried in a vacuum, the resulting 
material consisted principally of bromodimethylcyclohexenone, or, 
at all events, no dibromodimethylceyc/ohexenone crystallised out. 


Action of Potassium Hydroxide on Dibromodimethylcyclohexenone. 


Five grams of dibromodimethylcyc/ohexenone were dissolved in 
200 c.c. of absolute alcohol, and W/4-alcoholic potassium hydroxide 
gradually added in small portions, and the whole heated, between 
each addition, until no longer alkaline. The amount of potassium 
hydroxide used was 0°994 gram, corresponding exactly with one 
molecule. The major portion of the alcohol was evaporated, the 
whole poured into water, acidified, extracted with ether, the 
ethereal solution washed with potassium hydroxide solution, the 
washings acidified, and distilled in a current of steam. On extract- 
ing the distillate with ether, etc., a residue of 1 gram remained, 
which was recrystallised from light petroleum (b. p. 40—60°), when 
0°6 gram of radiating clusters of long, transparent needles, melting 
at 84°, separated, which gave a benzoyl derivative, melting at 98°, 
neither of which melting po‘nts was altered on admixture with 
respectively 5-bromo-o-3-xylenol and its benzoyl derivative. 

The light petroleum mother liquor was evaporated to dryness, 
the residue spread on porous plate, and crystallised from aqueous 
alcohol, when 0°1 gram of 4: 5-dibromo-o-3-xylenol (T., 1913, 108, 
989), melting at 97°, was obtained. 
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Action of Heat on Dibromodimethyleycloherenone. 


Five grams of dibromodimethyleyc/ohexenone were heated on 
a sand-bath in a flask attached to an air condenser until a reaction 
set in, when the source of heat was removed. The reaction was 
vigorous, and torrents of hydrogen bromide were evolved. The 
whole was dissolved in ether, washed with potassium hydroxide, 
the washings acidified and distilled in a current of steam, and the 
distillate extracted with ether, when 2°3 grams of solid were 
obtained. This was benzoylated and treated exactly as described 
on p. 173, when there were obtained 0°7 gram of 5-bromo- 
o-3-xylenol, melting at 84°, and 0°5 gram of 6-hbromo-o-4-xylenol, 
melting at 103°. 

Many attempts have heen made to extract larger quantities of 
the dibromoketone from the mother liquors A (see above), but 
without success. It was originally investigated by submitting it 
to fractional distillation, when it appeared to consist mainly of 
bromodimethyleyclohexenone and a higher fraction of aromatic 
substances formed by the action of heat on the hydroaromatic 
compounds present. 

Under the aliered conditions of preparation the mother liquor 
contains not more than 25 per cent. of bromodimethylcyclohexenone, 
together with nearly 70 per cent. of dibromodimethyleyc/ohexenone, 
as is proved by the following experiments. 

Twenty grams of the mother liquor were heated and worked up 
as described above, under the action of heat cn pure dibromo- 
dimethyleyclohexenone. There were obtained 6°3 grams of bromo- 
xylenols, from which 2°4 grams of pure 5-bromo-o-3-xylenol (m. p. 
84°) and 1°4 grams of 6-bromo-o-4-xylenol (m. p. 103°) were 
isolated. Calculating from the amounts of these substances pro- 
duced by the action of heat on pure dibromodimethyleyclo- 
hexenone, it would appear that nearly 14 of the 20 grams of mother 
liquor consisted of dibromodimethylcyclohexenone, which could not 
be crystallised on account of its admixture with bromodimethyl- 
cyclohexenone. Moreover, similar results were obtained by the 
action of potassium hydroxide on the mother liquor, when 5-bromo- 
o-3-xylenol and 4: 5-dibromo-o-3-xylenol were obtained, in amounts 
corresponding with what would have been expected, on the assump- 
tion that the mother liquor contained about 70 per cent. of 
dibromodimethyleyc/ohexenone. 

When dibromodimethyleyclohexenone was warmed with concen- 
trated sulphuric acid, it dissolved, and solid soon separated, which, 
after crystallisation from alcohol, melted at 187—188°, but as the 
substance was not phenolic in nature, it was not further investi- 
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Action of Bromine on Bromodimethyleyclohexenone. 


Bromodimethylcyclohexenone was prepared as previously de- 
scribed (T., 1903, 83, 120); it boils at 126°/32 mm., that is, some- 
what lower than stated, and the yield is about 40 per cent. of the 


theoretical amount. The substance previously mentioned as melting 


at 296° was again encountered, but as it has now been shown to 
contain phosphorus, it is not proposed further to investigate its 
nature. 

Twenty grams of bromodimethyleyc/ohexenone were dissolved in 
40 grams of dry chloroform, and a solution of 16 grams of bromine 
(1 molecule), in an equal weight of dry chloroform, was gradually 
added, care being taken not to allow the temperature to rise above 
0°. No hydrogen bromide was given off, and the bromine was not 
completely absorbed. 

On removing from the cooling medium, the temperature very 
gradually rose to 15°, then very rapidly to 28°, when a reaction 
set in, all the bromine was used up and hydrogen bromide evolved 
in quantities. After evaporation of the chloroform, the residue 
weighed 29 grams, and was a pale yellow liquid, completely insoluble 
in potassium hydroxide, and possessing a camphoraceous odour. 
On standing for months, only a very small amount of solid 
was deposited, which proved to be a mixture of dibromo- and tri- 
bromo-dimethyleyclohexenones. As the liquid could not be distilled 
without losing hydrogen bromide with partial transformation into 
aromatic substances it was decided to investigate the latter in order 
to get an idea. of its composition. 

In the first place, 12 grams of the crude product were treated 
with alcoholic potassium hydroxide exactly as described in the case 
of dibromodimethylcyclohexenone (see p. 171), when, on extracting 
the steam distillate with ether, 2 grams of solid were obtained, 
which yielded 1°0 gram of 5-bromo-o-3-xylenol, melting at 84°, and 
0°3 gram of 4: 5-dibromo-o-3-xylenol, melting at 97°. 

In the second place, 36 grams of the crude product were heated 
in a flask attached to an air condenser and worked up in exactly 
the same manner as described under the action of heat on dibromo- 
dimethyleyclohexenone, when the steaim distillate yielded 17 grams 
of solid bromoxylenols. Previous attempts to separate pure sub- 
stances from this mixture, by repeated fractional steam distillation 
and crystallisation from light petroleum, had only resulted in the 
isolation of a yery small amount of 6-bromo-o-4-xylenol, melting 
at 103°; but by adhering strictly to the following conditions a 
sharp separation can be effected. Seventeen grams of crude product 
were benzoylated in the usual manner, and the resulting 25 grams 
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of benzoyl derivatives dissolved in 500 c.c. of absolute alcohol, 
when, after standing, 5°8 grams of a substance melting at 94—96° 
were obtained. By slow evaporation of the alcohol further fractions 
of similar melting point have sometimes been isolated, but as a 
rule all fractions but the first melt between 65° and 75°. On 
crystallising this solid (m. p. 94—96°) from alcohol, the melting 


point rose to 98°, and examination showed it to be the benzoyl’ 


derivative of 5-bromo-o-3-xylenol (see T., 1913, 103, 2182). The 
alcohol was then evaporated to a low bulk, and the benzoyl 
derivative hydrolysed by boiling with potassium hydroxide. The 
alcohol was evaporated and the acidified product extracted with 
ether, the ethereal solution washed with sodium carbonate solution, 
then with water, dried over calcium chloride, and evaporated, when 
13°2 grams of solid were obtained, which on crystallisation from 
light petroleum (b. p. 80—100°) gave 2°8 grams, melting at 103°: 
0°1100 gave 0°1025 AgBr. Br=39°65. 
C,H,OBr requires Br=39°80 per cent. 

The synthetic formation of this bromoxylenol, which proves it to 
be 6-bromo-o-4-xylenol, has already been described (T., 1913, 103, 
1297). After separation of this substance the light petroleum 
mother liquor was evaporated, the residue benzoylated, and the 
whole process repeated twice, when there were finally obtained, 
from the original 17 grams of bromoxylenols, 6 grams of 5-bromo- 
o-3-xylenol, melting at 84°, and 4°6 grams of 6-bromo-o-4-xylenol, 
melting at 103°. 

The numerous processes through which the material has to be 
taken necessitate some loss, aud finally a small residue of just over 
one gram was obtained, from which nothing further could be 
isolated. If any other bromoxylenol is produced during the 
reaction, other than those above mentioned, it can only be present 
in very small amount. 


Preparation of 2: 4: 5-T'ribromo-1: 1-dimethylcyclohexen-3-one 
(Tribromoketodimethyltetrahydrobenzene). 


The method of preparation of this substance (T., 1903, 88, 124) 
has been so much modified as to necessitate re-description. 

Twenty-eight grams of dimethyldihydroresorcin (one molecule) 
were suspended in 400 grams of dry chloroform, 32 grams of bromine 
(one molecule) gradually added, then 172 grams of phosphorus 
pentabromide (two molecules), and the whole heated on the water- 
bath for one hour. The major portion of the chloroform was then 
evaporated, and this is a point which considerably influences the 
yield of material, which is diminished if it is attempted to remove 
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the last traces of chloroform. The whole was then poured into 
water, extracted with ether, the ethereal solution washed with 
potassium hydroxide solution (washings=A), etc., when 54 grams 
of a semi-solid mass were obtained, which after triturating with 
light petroleum (b. p. 40—60°) gave 34 grams of a clean, white 
solid, and this, after crystallisation from light petroleum (b. p. 
80—100°), yielded 28 grams of pure tribromodimethylcyclohexenone, 
melting at 107°. 

The potassium hydroxide wash‘ngs (A, see above) were acidified 
and distilled in a current of steam, when there separated from the 
distillate a small quantity of a bromoxylenol, crystallising from 
dilute alcohol in glistening, transparent needles, melting at 96—97°. 
It is not identical with 4: 5-dibromo-o-3-xylenol, melting at 97°, 
because the mixed melting point was 63°. The amount was, how- 
ever, too small for an investigation of its constitution, which must 
be left over for decision, until further experiments, now being 
carried out, are completed. 


Action of Potassium Hydroxide on Tribromodimethyleyclohexenone. 


Ten grams of the tribromoketone were treated with alcoholic 
potassium hydroxide solution exactly as described on p. 171. The 
steam distillate yielded 1°9 grams of solid, which, after crys- 
tallisation from alcohol, gave 1°3 grams of pure 4: 5-dibromo- 
o-3-xylenol (T., 1913, 108, 989). A small quantity of some other 
bromoxylenol is also produced in this reaction, but its identity has 
not so far been established. 


Action of Heat on Tribromodimethylcyclohexenone. 


Tribromodimethyleyclohexenone was heated in quantities of 
5 grams at one time, as described on p. 172. It is essential for the 
success of the experiment that the source of heat should be at once 
removed on the appearance of the first signs of a reaction, as 
otherwise the whole mass is resinified. Twenty grams of the tri- 
bromoketone gave 9°5 grams of bromoxylenols, which, after treat- 
ment with light petroleum (b. p. 40—60°) in the cold, gave 2°4 
grams of 4: 5-dibromo-o-3-xylenol, melting at 97°. 

The portion of bromoxylenols soluble in light petroleum (6°5 
grams) is a mixture, which has defied, up to the present, all the 
many attempts that have been made to separate its constituents. 
The problem will again be attacked when a systematic series of 
experiments on the separation of various bromoxylenols, now in 
course of progress, has been completed. 
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Action of Sulphuric Acid on Tribromodimethylcyclohexenone. 


Although the results obtained from the action of sulphuric acid 
on tribromodimethylcyclohexenone are of an unsatisfactory nature, 
the following brief account is quoted. It shows that trans- 
formations do take place, but also illustrates the difficulty, met with 
in some cases, of deducing correct conclusions from the mixed 
melting-point method for the identification of compounds. 

When tribromodimethyleyclohexenone is warmed with twenty 
times its weight of concentrated sulphuric acid, it readily passes 
into solution, and almost at once needle-shaped crystals separate, 
2 grams from 3 grams of the tribromoketone. This solid contained 
bromine, was phenolic in nature, and after repeated crystallisation 
from alcohol, melted sharply at 178—179°, nor was this melting 
point lowered on mixing with tribromo-m-4-xylenol. Moreover, the 
solid gave an acetyl derivative melting at 120°, which is the melting 
point of acetyl tribromo-m-4-xylenol, but on mixing with this latter 
substance, an appreciable lowering of melting point was observed 
(110°). The melting point was not lowered, however, on mixing 
with acetyl tribromo-o-3-xylenol, so the substance was hydrolysed, 
and the bromoxylenol crystallised from alcohol, when it melted at 
182—-184°, nor was this melting point lowered on mixing with pure 
tribromo-o-3-xylenol. Nevertheless the two substances are not 
identical, for on again acetylating and fractionating the resulting 
acetyl derivative, the melting point of a small portion was finally 
raised to 150—153°, which is at least 25° higher than the melting 
point of any known acetyl derivative of the various tribromo- 
xylenols. 

For the purposes of this research, it has been necessary to prepare 
several tribromoxylenols and their acetyl derivatives, because, on 
consulting the literature, it was found that there were considerable 
differences in the recorded melting points for one and the same 
substance. Further, one of the acetyl derivatives had not been 
previously described. There is therefore appended a list of the 
melting points of certain tribromoxylenols and their acetyl 
derivatives, together with their mixed melting points, which may 
prove of use to other investigators. 

The acetyl derivative of tribromo-o-3-xylenol, prepared by heating 
the xylenol with acetic anhydride, crystallises from either glacial 
acetic acid or alcohol in clusters of transparent needles, melting 
at 120°: 

0°1054 gave 01484 AgBr. Br=59°91. 

C,,)H,O,Br,; requires Br=59°85 per cent. 
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Melting Points of Tribromozylenols and their Acetyl Derivatives. 


Tribromc-o-3-xylenol......... 185° Acetyl derivative ............ 120 

Tribromo o-4-xylenol......... 172—173° ss Sees 112° 
Tribromo-m-4-xylenol .. ... 178—179° a ia. = annacueenve 197° 
Tribromo-p-2-xylenol ..... 179—180° a oc. » Seeceeataeenes 125° 


Mixed Melting Points of Tribromozylenols and their corresponding 
Acetyl Derivatives. 


M. p. M. p. 
Tribromo- Acety] 

xylenols, derivatives, 
Tribromo-o-3-xylenol + tribromo-o-4-xylenol ...... 176—183° 110—113° 
Tribromo-o-3-xylenol + tribromo-m-4-xylenol...... 178—181° 109—110° 
Tribromo-o-3-xylenol + tribromo-p-2-xylenol ...... 180—182° 121—121°5° 
Tribromo-o-4-xylenol + tribromo-m-4-xylenol...... 173—176° 109—111° 
Tribromo-o-4-xylenol + tribromo-p-2-xylenol ...... 177—178° 112—114° 
Tribromo-m-4-xylenol + tribromo-p-2-xylenol...... 178—180° 109—110° 
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XXIIL.— The Polysulphides of the Alkali Metals. Part I. 
. The Polysulphides of Sodium. 


By ALEXANDER RULE and JouNn SmEATH THOMAS. 


THE preparation and constitution of the polysulphides of the alkali 
metals have attracted the attention of many workers, but even at 
the present day the chemical individuality of many of the products 
described as polysulphides remains in doubt. 

Bloxam (7'hesis, London, 1898) has given a detailed résumé and 
criticism of work done on this subject up to the year 1898, and 
since then important contributions to our knowledge of the poly- 
sulphides have been made by Bloxam (T., 1900, 77, 753), Kiister 
and Heberlein (Zeitsch. anorg. Chem., 1905, 43, 53; 44, 431), 
and Biltz and Dorfurt (Ber., 1905, 38, 123; Zestsch. anorg. Chem., 
1906, 48, 297; 50, 67). 

The method almost universally employed for the preparation of 


- the polysulphides is the action of varying amounts of sulphur on 


aqueous solutions of the monosulphides or hydrosulphides of the 
metals, but this method has been shown by Bloxam to be unsatis- 
factory in the case of sodium and potassium. Sodium monosulphide 
undergoes considerable hydrolysis in aqueous solution, and Bloxam 
found that the solid products obtained after the action of sulphur 
on such solutions always contained thiosulphate. When the hydro- 
VOL, CY. N 
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sulphides were used, the products were not, as a general rule, those 
corresponding with the proportions of sulphur used in the reaction. 

On the other hand, Biltz and Dérfurt (loc. cit.), using the former 
method, were able to obtain definite polysulphides of rubidium and 
cesium. os 

The only definite sodium compound obtained by Bloxam was 
tetrasodium nonasulphide, Na,S9,14H,O. 

Kiister (loc. cit.) determined the solubility of sulphur in aqueous 
solutions of sodium monosulphide, but he did not isolate any solid 
products. His conclusions are of interest, for he shows that mix- 
tures of polysulphides are formed, and that complex equilibria exist 
between the different substances in solution. He points out that 
the tetrasulphide is characterised by particular stability, an 
observation which is confirmed by the work of the present authors. 

Béttger (Annalen, 1884, 223, 335) investigated the action of 
sulphur on alcoholic solutions of the hydrated monosulphide, and 
obtained the hydrated di-, tri-, tetra-, and penta-sulphides, but 
Bloxam, on repeating these experiments, was unable to confirm 
Bottger’s results. Any difficulties which are to be attributed to 
the disturbing factor of hydrolysis might obviously be overcome by 
the use of alcohol as a solvent, granted that it were possible in 
the first place to obtain the mono- or hydro-sulphide in the pure 
anhydrous condition; until recently, however, no satisfactory 
method had been described for the preparation of the anhydrous 
compounds. 

In a previous paper (T., 1911, 99, 558) one of us showed that, 
by the action of hydrogen sulphide on alcoholic solutions of sodium 
ethoxide and subsequent precipitation with ether, practically 
quantitative yields of pure sodium hydrosulphide were obtained, 
and in a later paper (T., 1913, 103, 871) the authors mentioned 
the fact that sulphur readily reacted with the hydrosulphide in 
alcoholic solution forming polysulphides, hydrogen sulphide being 
evolved at the same time. A systematic investigation of this 
reaction has been carried out in order to determine if definite poly- 
sulphides could be obtained, and the results are described in the 
present paper. 

A series of experiments was performed in which varying quantities 
of sulphur were added to alcoholic solutions of sodium hydro- 
sulphide of the same concentration throughout. An approximately 
saturated solution of the hydrosulphide was prepared by adding 
2 grams of metallic sodium to 40 c.c. of absolute ethyl alcohol in 
a flask fitted with a short reflux condenser and a gas delivery tube. 
The solution of sodium ethoxide thus obtained was saturated with 
dry hydrogen sulphide, and the excess of the gas was afterwards 
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removed by heating the solution to boiling on the water-bath and 

passing through it a vigorous stream of dry hydrogen. The solution 
was then heated to boiling on the water-bath until all the sulphur 
had dissolved, the current of hydrogen being maintained through- 
out. 

In some cases the solution was allowed to cool and the product 
precipitated with dry ether. In other cases the water was run 
out of the condenser and the alcohol was evaporated off until a 
considerable amount of solid had separated on the walls of the 
flask and in the solvtion. 

Amounts of sulphur corresponding with the di-, tri-, tetra-, and 
penta-sulphides, as well as large excess of sulphur, were used. In 
the case of each product an estimation of the polysulphide sulphur 
was made by the method described by Kiister and MHeberlein 
(loc. cit.), in addition to the determinations of sodium and total 
sulphur. 

Using the proportions for the disulphide, no solid separated from 
the solution until some of the alcohol had been driven off. A pale 
yellow product was obtained, which, after drying in a vacuum, was 
clearly not homogeneous. On treating a portion of the solution 
with more sulphur, hydrogen sulphide was evolved, indicating the 
presence of unchanged hydrosulphide. 

In another experiment the solution was allowed to cool, and 
was then treated with excess of dry ether. A very pale yellow 
precipitate was obtained which became almost white on drying in 
a vacuum, but gave a yellow solution in water. It contained a 
considerable amount of alcohol, which was evolved on heating: 

0°3484 gave 0°3477 Na,SQ,. Na=32°38. 

0°7829 ,, 0°2349 S. *(S)=30°00. 

04619 ,, 1:7773 BaSO,. S=52°84. 

Na: (S): S=2: 1°33: 2°34. 
Na,S,=2: 1: 2. 

Using the proportions for the trisulphide and treating the solution 
with ether, a viscid, yellow precipitate was obtained, which was 
difficult to filter. It was freed as well as possible from the solution, 
and allowed to remain in a vacuum desiccator over phosphoric 
oxide. The dry product was orange-yellow, but was not homo- 
geneous. It was very hygroscopic, and a solution in alcohol, on 
treatment with sulphur, evolved hydrogen sulphide. 

It was obvious from their appearance and behaviour that these 
substances were mixtures, and since they contained unchanged 
hydrosulphide, the sulphur had apparently reacted with only a 
portion of the latter. This fact may be explained by assuming that 

* (S) indicates ‘‘ polysulphide” sulphur. 
N 2 
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the reaction results in the formation of a polysulphide higher than 
the di- or tri-sulphide. 

Sodium Tetrasulphide—Using the proportions of sodium and 
sulphur for the tetrasulphide, a very deep red solution was obtained 
on boiling, and the sulphur dissolved completely. After boiling 
for about an hour in a current of hydrogen, a small quantity of 
glistening, yellow crystals had separated out. The solution was 
concentrated to about 5 c.c. by allowing the alcohol vapour to 
escape through the condenser, and the solid product, which formed 
crystalline crusts on the walls of the flask, was filtered off from 
the hot solution, washed with a little alcohol, and dried in a 
vacuum desiccator over phosphoric oxide. 

The product was quite homogeneous, and was dark yellow, with 
a curious olive-green tinge. 


0°7071 gave 0°5758 Na,SO,. Na= 26°37. 
0°6362 ,, 0°3481 8. (S)=54°71. 
0°2048 ,, 1°0936 BaSO,. S=73°34. 
Na,S, requires Na = 26°44; (S)=55°17; S=73°56 per cent. 


On heating in a capillary tube the substance became orange-red 
at 115—120°, began to sinter at 258°, and melted to a dark-red 
liquid at about 267°. 

Sodium tetrasulphide is extremely hygroscopic, and readily dis- 
solves in water to form a clear, deep orange solution, which becomes 
dark red on heating. The solution soon begins to deposit sulphur 
when allowed to remain in the air. Alcoholic solutions behave 
similarly, but appear to be even more sensitive to the action of air. 

A microscopic examination of the crystals suspended in a xylene 
solution of Canada balsam showed them to be quite homogeneous, 
and to consist of perfectly defined cubes. 

In the case of the tetrasulphide, therefore, it is possible to obtain 
a pure product by simply using the necessary proportions of sulphur 
and the hydrosulphide. 

The tetrasulphide may also be obtained by treating the con- 
centrated alcoholic solution with ether in excess. A red oil 
separates, and it may be converted into a viscid, yellow, crystalline 
solid by continued stirring. The product is difficult to filter, and 
it contains alcohol, which can be almost entirely removed by allow- 
ing the substance to remain in a vacuum over phosphoric oxide; 
it gradually shrinks and assumes the characteristic brownish-yellow 
colour of the anhydrous tetrasulphide. The substance appears to 
cling very tenaciously to the last traces of alcohol, and attempts 
to remove them by heating in a current of hydrogen always led to 
slight loss of sulphur. The same difficulty has always been encoun- 
tered in the attempts to prepare anhydrous polysulphides from the 
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hydrated products (compare Biltz and Dérfurt, loc. cit.), partly 
owing to hydrolysis, and, in the case of the higher polysulphides, 
partly owing to direct dissociation. 

The product of the precipitation by ether is probably a definite 
alcoholate, but it is hoped that further information on this point 
will be provided by an investigation of the system sodium tetra- 
sulphide—ethyl! alcohol, which is nov; being carried out by the authors. 

Using the proportions of sodium and sulphur corresponding with 
the pentasulphide, an interesting result was obtained. The whole 
of thé sulphur dissolved in the boiling solution, and, on concen- 
trating to a small bulk, a crystalline product separated on the 
walls of the flask; it was collected, washed with alcohol, and dried 
over phosphoric oxide. The product was yellow, and not homo- 
geneous. On treating it with water, a residue of sulphur remained 
undissolved, and the substance was therefore thoroughly extracted 
and washed with carbon disulphide, then with ether, and dried in a 
vacuum over phosphoric oxide. After collecting the washings and 
allowing them to evaporate to dryness, a considerable residue of 
sulphur remained. 

The final product possessed all the characteristics of the tetra- 
sulphide. It was soluble in water, forming a clear solution, and 
melted at about 267°. A portion of the product, which still con- 
tained a little ether, was analysed : 

0°4986 gave 0°3978 Na,SOQ,. Na=25°84. 

0°4050 ,, 02161 S. (S)=53°36. 

0°2947 ,, 15471 BaSO,. S=72°09. 

Na: (S): S=2: 2°97: 4°01. 
Na.S, requires Na=26°44; (S)=55°17; S=73'56 per cent. 

Using the proportions for a possible hexasulphide, some indication 
was obtained of the separation of a polysulphide higher than the 
tetrasulphide. The solid product was not homogeneous, but con- 
tained particles of a red substance. On treatment with water, a 
copious precipitate of sulphur was obtained. A portion of the 
solid was extracted and washed with carbon disulphide, but after 
continued treatment in this way the substance was only partly 
soluble in water and still left a residue of sulphur. The final 
product was not homogeneous, and contained carbon disulphide, 
which was evolved on heating. Its behaviour resembles that of 
rubidium pentasulphide described by Biltz and Dérfurt (loc. cit.), 
and it is possible that the substance contained a certain amount of 
sodium pentasulphide: 

0°4880 gave 0°3287 Na,SO,. Na=21°82. 

0°4634 ,, 0°2443 8S. (S)=52°71. 

0°2571 ,, 1°2734 BaSO,. S=68°02. 

Na: (8S): S=4: 6°92: 8°96. 
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The ratio corresponds very closely with that required by the 
nonasulphide, Na,8,, a hydrate of which is described by Bloxam, 
but the substance is almost certainly a mixture, and, moreover, 
contains carbon disulphide. 

As will be seen from the figures given below, the limit of 
solubility of sulphur is reached when the proportions of sodium 
and sulphur approach Na,: 8,. 

The results of these experiments, which were carried out under 
precisely similar conditions, may be briefly summarised by stating 
that, only when the proportions for the tetrasulphide are used is it 
possible to obtain a pure product. Below these proportions the 
products are probably mixtures of the tetrasulphide and unchanged 
hydrosulphide. At the pentasulphide stage the solid product is a 
mixture of the tetrasulphide and sulphur, whilst with larger 
amounts of sulphur there is some indication of the presence of 
higher polysulphides in the solid which is always a mixture. 

Kiister and Heberlein (Joc. cit.) found that aqueous solutions 
of the monosulphide, under certain conditions of concentration and 
temperature, were able to dissolve sulphur up to a point repre- 
sented by the formula Na,§,,.o,. 

No systematic investigation of the solubility of sulphur in 
alcoholic solutions of the hydrosulphide has yet been caried out by 
the authors, but one determination made just below the boiling 
point of the solution shows that under these conditions a still 
greater proportion of sulphur is dissolved, even when the solubility 
of sulphur in alcohol is taken into consideration. It is probable, 
therefore, that even more complex polysulphides are present in 
alcoholic solutions than those recorded by Kiister and Heberlein 
as existing in aqueous solutions. 

In the apparatus described above a 2N-solution of sodium hydro- 
sulphide in absolute alcohol was treated with an excess of sulphur, 
and, after the hydrogen sulphide had been removed by boiling, the 
temperature was maintained at 81° for about four hours, the 
contents of the flask being kept thoroughly agitated by means of 
a current of dry hydrogen. After allowing to settle in an atmo- 
sphere of hydrogen, a portion of the solution was removed by means 
of a specially constructed vacuum pipette, and introduced into 
bromine water. When oxidation was complete the solution was 
made up to one litre, and sodivm and sulphur were determined in 
aliquot portions: 

250 c.c. gave 0°2512 Na,SO,. Na=0°0812. 

250 c.c. ,, 2°8447 BaSO,. S=0°3907. 

Atomic ratio, Na=1: S=3°'45, corresponding with Na,: S,.». 

Other considerations also render it probable that at and beyond 
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the tetrasulphide stage polysulphides higher than the tetrasulphide 
are present in the solution. A very noticeable feature of the 
reaction is-the increase in the depth of colour of the solution with 
increase in the amount of sulphur added. The tetrasulphide is a 
yellow substance, but the solution from which it separates in the 
pure state is dark red. With larger amounts of sulphur the solution 
becomes quite opaque. 

Valuable information as to the nature of the substances present 
in the solution after the action of sulphur on the hydrosulphide, 
as well as to the course of the reaction, may be gained by deter- 
mining the amount of hydrogen sulphide evolved during the 
reaction. 

According to the equation 2NaHS+«S=Na,S,.,+H,8, it is 
obvious that the amount of hydrogen sulphide formed is strictly 
proportional to the amount of hydrosulphide involved in the 
reaction. 

There are three possibilities, namely: (1) that a series of poly- 
sulphides is formed according to the amount of sulphur added, as 
represented by the above equation where x=1, 2, 3,4,5.... In 
this case, if the reaction proceeded to completion, the amount of 
hydrogen sulphide evolved would always be the same, and would 
correspond with the complete decomposition of the hydrosulphide. 
It has already been shown that the reaction does not proceed in 
this manner. 

(2) Partial decomposition of the hydrosulphide, resulting in the 
formation of an equilibrium mixture of different polysulphides 
and the hydrosulphide. 


(3) The formation of only one polysulphide, whatever the pro- — 


portion of sulphur present, involving the decomposition of an 
amount of hydrosulphide sufficient to produce the polysulphide in 
question. In this case the amount of hydrogen sulphide evolved 
will vary directly with the amount of sulphur present up to a 
certain maximum corresponding with complete decomposition of the 
hydrosulphide, and will then become constant. The minimum 
amount of sulphur required to bring about complete decomposition 
will indicate the composition of the polysulphide. 

A series of determinations of the amount of hydrogen sulphide 
evolved was carried out in order to ascertain which of the three 
possibilities mentioned applies to the reaction. 

The apparatus used is shown in Fig. 1. It consists of a round- 
bottomed Jena-glass flask of about 400 c.c. capacity, fitting by 
means of a ground gas-tight joint to a reflux condenser. A gas 
delivery tube and the tube of a dropping funnel are sealed into the 
lower portion of the condenser, and dip nearly to the bottom of 
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the flask. A long tube sealed to the top of the inner tube of the 
condenser is bent twice at right-angles, and connected with the 
absorption apparatus by means of a securely wired rubber joint. 
In the apparatus figured it was found that perfect absorption was 
attained with the use of a minimum quantity of absorbent. 
Before each experiment th: whole apparatus was carefully dried, 
and the absorption tubes were then connected. A weighed quantity 
of pure sodium hydrosulphide wis introduced into the flask, a 
Fie. 1 weighed quantity of 
Agee sulphur which had 
\ been recrystallised 
from carbon  disul- 
S N phide was added, and 
the flask was at once 
fitted to the condenser. 
A current of hydrogen 
dried by sulphuric 
acid and freed from 
traces of acid by pass- 
ing over solid potass- 
ium hydroxide was 
then passed through 
the apparatus until 
the air was displaced. 


The amount of abso- 
lute ethyl alcohol 
necessary to form an 
approximately 1°'5N- 
J solution of the hydro- 


ee 


sulphide used was run 
in from the funnel, 
and the solution was 
gradually heated to . 
boiling on the water- 
bath. The boiling was 
continued for about an 
hour, a constant stream of hydrogen being maintained. 

In one series xf experiments ammoniacal hydrogen peroxide was 
used as an absorbent, but later it was found more convenient to 
employ concentrated bromine water. In each case the sulphur was 


weighed as barium sulphate. 
The results obtained are expressed graphically in the diagram 


(Fig. 2). 
In the diagram (Fig. 2) the values for hydrogen sulphide and 
sulphur are calculated for one gram-molecule of hydrosulphide. 
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The curve indicates that there is, at first, a gradual increase in 
the amount of hydrogen sulphide obtained with increase in the 
amount of sulphur added. The first part of the curve lies very 
close to the theoretical straight line representing the values for 
hydrogen sulphide, if the tetrasulphide were the only polysulphide 
formed, but there is a gradual divergence from this line as the 
amount of sulphur is increased. All points on the curve lie below 
this line, and therefore it is practically certain that little, if any, 
di- or tri-sulphide is formed, otherwise larger values for hydrogen 
sulphide would be expected. This conclusion agrees with the results 
of the experiments described above. 

At the tetrasulphide stage, considerably less hydrogen sulphide 
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is evolved than would be the case it the tetrasulphide were the 
only polysulphide in solution. This is in accordance with the facts 
previously mentioned, which point to the probability that at the 
tetrasulphide stage higher polysulphides are present in the solution. 
The latter must therefore contain an equilibrium mixture of tetra- 
sulphide, higher polysulphides, and unchanged hydrosulphide. 
Beyond the pentasulphide stage the values for hydrogen sulphide 
are nearly constant. If we consider the highest value obtained, 
which lies slightly off the curve and represents the amount of 
hydrogen sulphide evolved when excess of sulphur is used, it will 
be seen that this value is not very much lower than the maximum 
obtainable. 
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Considering the course of the curve as a whole there is a 
no very great divergence from the course of the straight lines repre- 
senting the theoretical values for hydrogen sulphide assuming that 
the tetrasulphide is the only polysulphide formed in the reaction, 
so that it is fair to draw the conclusion that the tetrasulphide is 
the predominating compound present. Small quantities of higher 
polysulphides are also present, and the concentration of these higher 
polysulphides probably increases with amount of sulphur added. 

It has already been shown that at the tetrasulphide stage the 
only solid product which separates is the tetrasulphide itself, even 
when the solution is evaporated completely to dryness. The higher 
polysulphides must therefore decompose into tetrasulphide and 
sulphur as the evaporation proceeds, thus: 

NaS; —> Na.S, +8, 
or else react with the hydrosulphide still present as the concen- 
tration of the latter increases. In either case the result will be 
the formation of more tetrasulphide, and these processes will con- 
tinue until the whole of the alcohol is removed. Since the amount 
of sulphur present was that required to form the tetrasulphide, 
none will separate out in the free state with the solid product. 

At the pentasulphide stage there is again no separation of poly- 
sulphides higher than the tetrasulphide under the conditions of 
experiment. In this case also it must be assumed that the higher 
polysulphides decompose into tetrasulphide and free sulphur, and 
as the latter is in excess the solid product must necessarily be a 
mixture of the tetrasulphide and sulphur. 

Kiister and Heberlein mention that in aqueous solutions in which 
the proportions for the pentasulphide are used, that substance is 
only obtained after a large quantity of the tetrasulphide has 
separated out, whilst in the case of other bases the only product 
is a mixture of the tetrasulphide and free sulphur. Kiister and 
Heberlein point out that it does not necessarily follow that the 
tetrasulphide is the polysulphide present in predominating amount, — 
but that its solubility product may be exceeded sooner than in 
the case of the higher polysulphides. At the hexasulphide stage 
in the authors’ experiments, there is certainly some indication of 
the separation of a higher polysulphide, and it therefore seems 
probable that at this stage the concentration of the higher poly- 
sulphides is considerably increased. On evaporation of the solution, 
the compound decomposes to some extent into tetrasulphide and 
sulphur, as before, but as the evaporation is moderately rapid, a 
certain proportion separates in the free state. 

The extent to which ionic dissociation takes place in alcoholic 
solutions of such high concentration is no doubt very small, and 
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in the absence of any data it is unsafe to introduce any reasoning 
with regard to the solubility products. 

: Considering the results generally, there is little doubt that under 
: the conditions described the tetrasulphide is always the chief 
product of the action of sulphur on alcoholic solutions of the hydro- 
sulphide. 


Action of Metallic Copper on Alcoholic Solutions of the 
Polysulphides. 


When solutions of the polysulphides are treated with excess of 
finely divided copper and boiled for some time, complete reduction 
takes place, and a colourless solution is obtained. On removing 
the black copper sulphide by filtration and concentrating the 
solution in a current of hydrogen a white solid separates out which 
appears to be a mixture of the hydrosulphide and monosulphide of 
sodium (compare T., 1913, 108, 871). 


Action of Metallic Sodium on Alcoholic Solutions of the 
Tetrasul phide. 


When metallic sodium is added to a solution of the tetrasulphide 
there is an immediate separation of a yellow, crystalline solid. 
This product, on examination, exhibited all the characteristics 
of a polysulphide, and analysis showed it to be the disulphide. A 
series of experiments with varying amounts of sodium always 
resulted in the same product being obtained. The action is one of 
reduction of the higher polysulphides present in the solution by 
the nascent hydrogen produced in the action of sodium on alcohol, 
but in this case the reduction only proceeds as far as the disulphide. 
No hydrogen sulphide is evolved during the reaction owing to the 
presence of sodium ethoxide with which it reacts forming the 
hydrosulphide. The presence of the latter in the solution after 
filtration was proved by adding sulphur, when hydrogen sulphide 
was at once evolved. 

Addition of a solution of sodium ethoxide to a solution of the 
tetrasulphide simply salts out the latter compound, but the product 
is always contaminated with sodium ethoxide, and the washing 
necessary to remove it results in a considerable loss of the tetra- 
sulphide. 

Analysis of such a product resulted as follows: 

0°3515 gave 0°2907 Na,SO,. Na=26°79. 

0°3521 ,, 1°8456 BaSO,. S=71°98. 

075941 ,, 03186 S. (S)=53°62. 

NaS, requires Na=26°44; S=73°56; (S)=55°11 per cent. 
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The figures indicate that a small amount of sodium ethoxide was 


still present. 
Sodium Disulphide. 


The preparation was carried out by dissolving 2 grams of sodium 
in 50 c.c. of absolute ethyl alcohol and saturating the solution with 
hydrogen sulphide. 4°17 Grams of sulphur were added, and the 
solution was boiled on the water-bath for about one hour, a rapid 
current of hydrogen being passed through it. In one experiment 
excess of sodium (4 grams) was added to the hot solution, and 
after boiling for a short time the bright yellow precipitate was 
collected, washed with absolute ethyl alcohol, and dried in a 
vacuum over phosphoric oxide: 


0°3166 gave 0°4066 Na,SO,. Na=41°60. 

0°2697 ,, 1°1362 BaSO,. S=57°96. 

0°3902 ,, 0°11028. (S)=28°24. 

Na,S, requires Na =41°82; S=58°18; (S) =29°09 per cent. 

Using lower proportions of sodium for effecting the reduction, 
a similar precipitate was obtained, but analysis showed that the 
ratios of sodium to polysulphide sulphur and to total sulphur 
were, as a rule, slightly low. It is probable that small quantities 
of the tetrasulphide separate out with the disulphide owing to the 
salting out action of the sodium ethoxide mentioned above. The 
disulphide is only sparingly soluble in alcohol, and it ought there- 
fore to be possible to wash out the more soluble tetrasulphide, but 
it was noticed that continued washing, especially with hot alcohol, 
appeared to bring about slight decomposition of the product, and 
white patches appeared on its surface. 

Sodium disulphide is a bright yellow, micro-crystalline powder. 
It dissolves readily in water, forming a deep yellow solution, which, 
unlike that of the tetrasulphide, becomes only slightly darker on 
boiling. It is only sparingly soluble in cold alcohol, but on heating 


with alcohol an intensely green solution is produced, which becomes 


yellow and cloudy on further heating. This occurs to some extent 
in the case of the tetrasulphide, and appears to be due to slight 
decomposition and the probable liberation of sulphur. The 
disulphide is apparently more sensitive in this respect, as a minute 
amount heated with excess of alcohol gives a bright blue solution, 
a phenomenon which has been noticec in the case of other sulphur 
compounds. The green coloration is evidently the superimposed 
effect of the blue colour due to decomposition and the yellow colour 
of the actual solution of the polysulphide. 

The disulphide behaves very like the tetrasulphide on heating, 
as it becomes red, and finally fuses to a dark red liquid. 


i 
| 


cod SEI Ee 


RESEARCHES ON RESIDUAL AFFINITY AND CO-ORDINATION, 189 


Since the di- and tetra-sulphides have been obtained in the pure 
anhydrous state, it is now possible to settle the question of the 
existence of polysulphides higher than the pentasulphide, and also 
of the various intermediate polysulphides which have been described. 
With this object in view, we are at present making use of the 
di- and tetra-sulphides for carrying out an investigation of the 
freezing-point curves of the system sodium-sulphur. 


INORGANIC LABORATORIES, 
UNIVERSITY OF LIVERPOOL. 


XXIV.—Researches on Residual Affinity and Co-ordt- 
nation. Part I. Metallic Acetylacetones and 
thei, Absorption Spectra. 

By Gitsert T. Morcan and Henry WessvEeR Moss. 


Tue remarkable properties exhibited by many metallic acetyl- 
acetones, their non-ionisable character, their solubility in anhydrous 
organic solvents, their stability on heating, and, in certain instances, 
their anomalous colours, have led to the view that in these com- 
pounds the metallic atoms are combined with the unsaturated 
organic complex, not only through their principal valencies, but 
also by means of their residual affinity or auxiliary valency. More- 
over, as the univalent organic complex (formula I) consists of an 
open-chain of five atoms, its intimate association with the metal is 
assumed to arise from the general tendency to form six-membered 
rings (formula II), the metallic atom serving as the connecting link 
between the ends of the organic group: 


CH; se 
CH<G0 _ CH<G OM’ 
| 


Influence of Symmetry on the Stability of Metallic Acetylacetones. 


The acetylacetone radicle (I) being univalent, the number of 
these groups combining with a metallic atom will depend primarily 
on the principal valency of this atom, and as each acetylacetone 
group is equivalent to two associating units it follows that the 
acetylacetones of univalent, bivalent, tervalent, and quadrivalent 
metals will be characterised respectively by a molecular arrange- 
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ment of two, four, six, and eight points on the sphere of influence 
of the metallic atom. 

Of these arrangements the last two will probably correspond 
with the octahedron and the cube. The second case may corre- 
spond with the tetrahedron, or alternately the molecule may have 
the less symmetrical plane configuration. The first case, that of 
two points on the sphere, cannot in the circumstances be a sym- 
metrical arrangement. In an earlier communication (T., 1913, 
103, 81) the authors advocated the view that co-ordination is due 
not only to the residual affinity of the central atom, but also to 
the mutual attractions of the associating units, and, this hypothesis 
being accepted, the most stable systems will be those in which the 
forces interacting between the associating units are symmetrically 
distributed, a condition which is satisfied by arranging these units 
symmetrically round the sphere of influence of the central atom. 

Acetylacetones of Univalent Metals (Formula II).—On the fore- 
going assumption, these compounds should manifest their want of 
symmetry by their instability. Lithium and thallous acetylacetone 
are the most stable members of this series, and both are decom- 
posed on heating, the latter at 160° (Kurovski, Ber., 1910, 68, 
1078). The sodium, potassium, and cesium acetylacetones char 
on heating, and are unstable in solution or in a moist condition. 
They are decomposed by hot water into acetone and alkali acetate 
(Combes, Compt. rend., 1887, 105, 871). Silver acetylacetone 
decomposes spontaneously at the ordinary temperature, with the 
liberation of silver. 

This summary of the properties of the acetylacetones of univalent 
metals justifies the contention that dissymmetry leads to instability. 

Acetylacetones of Bivalent Metals.—The compounds of this series, 
which may possess either a tetrahedral (formula III) or a plane 
(formula IV) configuration, are on either alternative more sym- 
metrical than the acetylacetones of univalent metals. They also 
display a higher degree of stability. 

The acetylacetones of the metals of the second periodic series 
have all been prepared; those of the alkaline earth metals are 


(I1I.) (1V.) 


decidedly more stable than the corresponding compounds of the 
alkali metals (Tanatar and Kurovski, J. Russ, Phys. Chem. Soc., 
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1906, 40, 580). Glucinum and zinc acetylacetones can be distilled 
without decomposition, the former under atmospheric, and the latter 
under reduced pressure (Combes, Compt. rend., 1894, 119, 1222; 
Tanatar and Kurovski, loc. cit.): 

The following metals functioning as diads have also yielded stable 
acetylacetones: copper, lead, iron, cobalt, nickel, and platinum 
(Combes, Compt. rend., 1887, 105, 868; Gach, Monatsh., 1900, 21, 
98; Werner, Ber., 1901, 34, 2584). 

The bivalent radicles, vanadyl, VO", and uranyl, UO,™, have 
furnished stable acetylacetones, which may be of this type (T., 1913, 
108, 86; Biltz, Zeitsch. anorg. Chem., 1904, 40, 221). 

From the ease with which the acetylacetones of bivalent metals 
form stable additive compounds (Biltz, Joc. cit.; Werner, loc. cit.) 
of the type R™Ac,,2X having the co-ordination number 6, and con- 
sequently an octahedral symmetry, it is probable, although it does 
not necessarily follow, that these acetylacetones themselves have 
the plane configuration (formula IV). 

Acetylacetones of Tervalent Elements.—The case of boron is of 
great interest; this element resembles carbon in having a very 
small atomic volume, and probably on this account it also resembles 
carbon in having a maximum co-ordination number 4, as exhibited 
by fluoboric acid, H(BF,), and its salts. Boron accordingly asso- 
ciates only with two acetylacetone radicles, and the products have 
the general formula [BAc,|X, where X is an ionisable radicle 
(Dilthey, Annalen, 1905, 344, 326). 

The acetylacetones of the tervalent metals, which are the most 
stable examples of this class, undoubtedly possess the octahedral 
symmetry, although they have not yet been resolved into their 
enantiomorphous components (compare T., 1913, 103, 84). Alumin- 
ium and indium acetylacetones can be distilled (Combes, Compt. 
rend., 1889, 108, 405; Chabrié and Rengade, zbid., 1900, 181, 
1300), and vaporisable acetylacetones of tervalent vanadium, 
chromium, manganese, iron, and cobalt have also been prepared 
(T., 1913, 183, 85; Urbain and Debierne, Compt. rend., 1899, 129, 
302). Many members of the rare earth metals (lanthanum, sama- 
rium, neodymium, praseodymium, and tervalent cerium) have 
yielded fairly stable acetylacetones (Hantzsch and Desch, ibid., 
1902, 323, 26; Biltz, Annalen, 1904, 331, 334), and the scandium 
compound can be distilled without decomposition. 

The behaviour on heating of this group of acetylacetones justifies 
the contention that a symmetrical arrangement of associating units 
conduces to stability. 

Acetylacetones of Quadrivalent Metals.—These compounds, which 
correspond with an arrangement of eight associating units round 
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the central atom, have in all probability a cubic symmetry, and 


should be resolvable into two stereoisomeric non-enantiomorphous 
components (V and VI): 


ty P } 
s é j \ . ‘ | / 
*. Ac | . Ac : ce ei 
A : Ac |, Ac 7 Ac + . 
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Four cf these compounds are now known, namely, thorium, 
zirconium, ceric and uranous acetylacetones (Urbain, Bull. Soc. 
chim., 1896, [iii], 15, 338, 347; Biltz, Zeitsch. anorg. Chem., 1904, 
40, 219; Job and Goissedet, Compt. rend., 1913, 157, 51). 


Residual Affinity of Metallic Acetylacetones: Additive Compounds. 


The additive compounds of metallic acetylacetones with water, 
alcohol, ammonia, or organic bases may be divided into two classes: 
the more stable additive compounds in which addition is accom- 
panied by an increase of symmetry, and an unstable class, in which 
the addition decreases the symmetry. The acetylacetones of 
bivaient metals furnish the best examples of the first class, for they 
combine additively with two molecular proportions of alcohol, 
ammonia, or organic amine, yielding in general compounds having 
the general formule, M™Ac,,2X, where X may be water, alcohol, 
ammonia, pyridine, or aniline (Tanatar and Kurovski, loc, cit.; 
Biltz, Zeitsch. anorg. Chem., loc, cit.). Whether the acetylacetones, 
M™Ac,, have the tetrahedral or the plane configuration (formule 
III and IV), there can be little doubt that the additive compounds 
have the octahedral symmetry. 

The unstable additive compounds are formed by the combination 
of ammonia or an organic amine with acetylacetones of the metals 
of the rare earths, including thorium ; the products have the general 
formule 2M™Ac;,NH;, 3M™Ac;,2NH;, and 2ThAc,,NH,; (Biltz, 
Annalen, loc. cit.). It is noteworthy that the acetylacetones which 
combine in this way with ammonia also manifest their .residual 
affinity by forming complex molecules, (M™ Acs), in solution. 

Scandium acetylacetone, the most stable compound of the series, 
neither combines with ammonia nor exhibits association in organic 
solvents, in this respect resembling aluminium acetylacetone. 
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The Structure of the Organie Complex in the Metallic 
A cetylacetones. 


Compounds resembling the metallic acetylacetones have been 
obtained with benzoylacetone, acetylmethylacetone, ethyl aceto- 
acetate, acetyl mesityl oxide, and numerous other A-diketones and 
B-keto-esters. These substances and their metallic derivatives may 
be represented by either of the formule VII and IX, from which 
it will be seen that structural isomerism is possible if the arrange- 
ment is regarded as static in either case, but inasmuch as at present 
there is no experimental evidence that isomerism of this kind exists 
among these compounds, it is much more likely that these two 
formule are analogous to the two phases of Kekulé’s benzene 
formula. The configuration of the metallic acetylacetones and 
their analogues may oscillate between these two extreme positions, 
or a rearrangement may lead to an intermediate centric distribution 
of the chemical affinities corresponding with the Armstrong-Baeyer 
centric formula for benzene and its homologues. This arrangement 
is indicated by the formula VIII: 


0 0 0 
SN J |. p 
CH,¢ H(M’) CH. /H(M’) CH,C H(M’) 

ae ae 
HC O = Ho” ‘O ~~ HE O 
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(VII.) (VIII.) (IX.) 


When R=CHs, as in acetylacetone and its metallic derivatives, 
the organic complex in formula VIII becomes symmetrical on either 
side of the metallic radicle M', and, if this symmetry exists in the 
molecule, the acetylacetones of bivalent metals would not be resolv- 
able into enantiomorphs, even although possessing the tetrahedral 
configuration indicated by formula III. 

An examination of the absorption spectra of fourteen acetyl- 
acetones shows that, with the exception of the chromium compound, 
which has two bands, they all exhibit one absorption band like the 
parent diketone itself. The character of the absorption is not 
materially altered by substituting the benzoylacetone for the acetyl- 
acetone complex (T., 1913, 108, 89). Neither is any change effected 
by substituting methyl for the hydrogen attached to the a-carbon 
atom in formula VII, VIII, or IX, as is done by the use of acety]- 
methylacetone instead of acetylacetone. The absorption band, which 
characterises this whole series of A-diketones and their metallic 
derivatives, is certainly not due to any oscillatory migration of 
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labile hydrogen from its carbon attachment to an enolic combination 
with oxygen, for in the case of vanadyl bisacetylmethylacetone the 
band persists even when both labile hydrogens have been sub- 
stituted, one by methyl and the other by vanadyl (T., 1913, 108, 
90). 

EXPERIMENTAL. 


Acetylacetones of Univalent Metals. 
oe -| .--O:C(CH 
Lithium Acetylacetone, Lil o-oo C4 | 


Lithium carbonate does not react to any appreciable extent with 
acetylacetone in dilute alcohol, even after prolonged boiling. 
Lithium oxide, prepared by igniting lithium nitrate, was boiled in 
a reflux apparatus for two hours with acetylacetone in 60 per cent. 
alcohol. The filtered solution on concentration yielded acicular 
crystals of lithium acetylacetone, but the yield was not good, as 
much of the oxide remained undissolved. A solution of lithium 
hydroxide, prepared by boiling aqueous lithium carbonate with 
fresh lime (from calcite) in a nickel basin for two hours, was filtered 
through asbestos, and treated whilst warm with excess of acetyl- 
acetone, when, after concentrating, several crops of crystalline 
lithium acetylacetone were obtained : 

0°3508 gave 0°1724 Li,SO,. Li=6°27. 

C;H,O,Li requires Li=6°55 per cent. 

Lithium acetylacetone chars on heating, without exhibiting any 
definite melting point. When pure the compound is colourless, 
but its alcoholic and aqueous solutions soon become yellow, owing 
to the decomposition of the organic complex by the alkali set free 
by hydrolysis. It dissolves readily in water, sparingly in cold, more 
freely in hot alcohol, and is insoluble in benzene or chloroform. 

Caesium acetylacetone, a colourless, crystalline substance, was 
produced by the interaction of cesium hydroxide and acetylacetone 
in alcoholic solution, the filtered solution being concentrated under 
diminisned pressure at the ordinary temperature until the product 
separated. (Found, Cs=59°81. C;H,O,Cs requires Cs=57°33 per 
cent.) The compound is very soluble in water or alcohol, and 
attempts to purify it by repeated crystallisation led to decomposi- 
tion. It charred on heating, and had no definite melting point. 

Silver Acetylacetone—Interaction between silver nitrate and 
acetylacetone in aqueous or aqueous-alcoholic solution generally led 
to the production of a silver mirror. The compound was obtained as 
a white, granular mass by shaking freshly prepared moist silver 
oxide in the cold with excess of acetylacetone. The product 
rapidly blackened on exposure; it was sparingly soluble in water, 
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but the solution was unstable, generally depositing the silver as a 
mirror. 

Thallous acetylacetone (compare E. Kurovski, Ber., 1910, 48, 
1078).—Interaction between thallous hydroxide and acetylacetone in 
aqueous solution gave rise to a basic product crystallising from 
alcohol, which even after recrystallisation contained approximately 
one molecular proportion of thallous hydroxide combined with the 
normal acetylacetone. The normal compound was prepared by 
isolating thallous hydroxide, obtained by the double decomposition 
of thallous sulphate, and crystallised barium hydroxide; the yellow, 
acicular crystals were dissolved in alcohol containing acetylacetone, 
and the solution concentrated at the ordinary temperature under 
diminished pressure. Thallous acetylacetone separated in well- 
defined, colourless, flattened needles and flakes, very soluble in 
warm alcohol; it melted sharply, and decomposed at 153°. 


Acetylacetones of Bivalent Metals (compare Tanatar and 
Kurovski, J. Russ. Phys. Chem. Soc., 1908, 40, 580). 

Calcium acetylacetone, Cal <OcoH > CH | prepared by the 
interaction of aqueous calcium hydroxide and alcoholic acetyl- 
acetone, crystallised in needles, and was freed from water of crystal- 
lisation by drying in a vacuum desiccator over sulphuric acid 
at 60°: 

0°4134 gave 0°2442 CaSO,. Ca=17°37. 

C19H,,0,Ca requires Ca=16°80 per cent. 

The calcium compound had no definite melting point, but charred 

on heating. 


Barium acetylacetone, Bal o-oo CE | , prepared by dis- 
-. 2 


solving crystallised barium hydroxide in warm water and boiling 
with alcoholic acetylacetone for a few minutes; the filtrate yielded 
the compound in nacreous flakes and plates, the yield being practi- 
cally quantitative. The dihydrated acetylacetone (Found, Ba= 
36°47. Calc., Ba=36°92 per cent.) was dehydrated in a vacuum 
over sulphuric acid at 60°: 

0°7350 gave 0°5053 BaSO,. Ba=40°46. 

C,9H;,0,Ba requires Ba=40°89 per cent. 
The compound charred on heating. 
Zine acetylacetone zn] o-oo) CH | formerly described 
, O-C(CH,)* % 

as a yellow compound (Tanatar and Kurovski, loc. cit.), was 
obtained in well-defined, colourless needles by boiling zinc hydroxide 
with aqueous acetylacetone, and allowing the filtrate to cool: 
oO 2 
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0°1385 gave 0°0435 ZnO. Zn=25°20. 
C,)H,,0,Zn requires Zn=24°81 per cent. 


Zinc acetylacetone melted to an opaque, white liquid at 138°. 

Cadmium acetylacetone, which is much less soluble than its zinc 
analogue, was prepared by digesting cadmium hydroxide with 
excess of aqueous acetylacetone, and also by double decomposition 
from cadmium acetate and sodium acetylacetone: 


0°5084 gave 0°3402 CdSO,. Cd=36°08. 
C,)H,,0,Cd requires Cd =36°21 per cent. 


Mercuric acetylacetone was obtained by mixing equivalent 
amounts of mercuric chloride and sodium acetylacetone in aqueous 
solution ; it separated at once as a sparingly soluble, granular, white 
precipitate. 

When mercurous nitrate was employed in this reaction, partial 
reduction occurred, the precipitate containing mercury and mercuric 
acetylacetone. Copper acetylacetone was prepared by the inter- 
action of cupric chloride, acetylacetone, and aqueous sodium 
acetate, the powdery, pale blue precipitate crystallising from chloro- 
form in deep violet-blue needles. This compound dissolved in 
quinoline, and the solution on cooling deposited green crystals of 
an additive compound. 


Acetylacetones of Tervalent Metals. 


Scandium Acetylacetone, Se] <O: oH CH | . (compare 


R. J. Meyer and Winter, Zeitsch. anorg. Chem., 1910, 67, 398). 


For the scandia employed in the following experiments, the 
authors are indebted to Sir William Crookes, and tender their best 
thanks. The oxide (1'0164 grams) was covered with pure concen- 
trated nitric acid, and digested for about four hours on the steam- 
bath. The product was syrupy scandium nitrate with about 6 per 
cent. of undissolved oxide. After dilution with water and filtration, 
the solution was digested in a reflux apparatus with a moderate 
excess of acetylacetone and ammonia in the presence of benzene. 
The organic solvent removed quantitatively the scandium acetyl- 
acetone from the aqueous solution, and after concentration deposited 
colourless plates of scandium acetylacetone. The substance was 
purified by dissolving in benzene, in which it was readily soluble, 
and precipitating with light petroleum, when it separated in colour- 
less needles. From chloroform, scandium acetylacetone crystallised 
in colourless, square plates, and it also separated from alcohol in 
similar, colourless, acicular prisms. The mother liquors from these 
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crystallisations become yellow, and on warming evolved an odour 
resembling that of p-benzoquinone: 

0°1985 gave 0°0402 Sc,0,. Sc=13'14. 

0°2520 ,, 0°0525 Sc,0,. Se=13°15. 

(a) 0°1186 gave 0°2264 CO, and 0°0755 H,O. C=52°14; H=7°08. 

(6) 071228 ,, 0°2340CO, ,, 0°0728 HO. C=51:95; H=6°58. 

C,;H,,0,Se requires Se=12°90; C=52°78; H=6'15 per cent. 

The preparations used in the foregoing analyses were purified 
by crystallisation (a) from benzene and light petroleum, (b) from 
alcohol. When dried at the ordinary temperature these prepara- 
tions melted somewhat indefinitely from 177° to 187°. The indefi- 
niteness of the melting points of acetylacetones of other metals of 
the rare earths was previously commented on by Biltz (Annalen, 
loc. cit., p. 349). Comparative experiments on the distillation of 
the acetylacetones of scandium and thorium showed that scandium 
acetylacetone was the more stable at temperatures near its melting 
point. 

Volatility of Scandium Acetylacetone.—Recrystallised specimens 
of this compound dried at 80° were heated in small tubes placed 
in a metal bath, the pressure being reduced to 8—10 mm. At 157° 
the substance began to sublime appreciably, and condensed on the 
cooler parts of the tubes in small, well-defined, brilliant, colourless 
crystals of cubical form. The sublimation proceeded smoothly until 
the melting point (187°) was reached, when the distillation was 
rapidly completed. The purified specimens, as prepared for 
analysis, sublimed completely below the melting point, and left 
no non-volatile residue. There was no charring, and the sublimed 
contents of the tubes had no odour of acetylacetone or other organic 
material. 

Sublimed scandium acetylacetone melted sharply at 187—187°5°. 
Under atmospheric pressure very little scandium acetylacetone 
distilled below 190°; colourless crystals sublimed from 210° to 250°. 
At 260° the sublimate showed a yellow tinge, but even at 360° 
very little decomposition was noticed. 

Thorium acetylacetone, purified by crystallisation and through 
its ammonia additive compound (Biltz, loc. cit.), melted at 168—169° 
(Urbain gives 171—172°, Bull. Soc. chim., 1896, [iii], 15, 338). 
When heated under 8—10 mm. pressure it began to sublime at 
160° in colourless crystals, closely resembling those of the scandium 
compound. Very little volatilisation occurred below the melting 
point; the compound boiled at about 260—270°, and the condensed 
solid showed a faint yellow tinge. 

Under the atmospheric pressure very little thorium acetylacetone 
sublimed below 210°. At 250° the distillate was yellow, and only 
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partly solid. At 260° further decomposition occurred, and a brown, 
charred residue remained. 

These comparative experiments showed that scandium acety]l- 
acetone could be distilled under atmospheric pressure without 
decomposition, whereas in similar circumstances the thorium 
compound underwent considerable decomposition. 

Molecular-weight determinations by the ebullioscopic method 
showed that scandium acetylacetone did not undergo association 
in boiling chloroform or benzene: 


0°074 in 20°00 CHCl, gave At=0'039. M.W.=347. 

0°1016 ,, 12°40 C,H, » At=0°060. M.W.=312. 
Sc(C;H,O,), requires M.W.=341. 

The acetylacetones of tervalent chromium, iron and cobalt were 
prepared by the general method (Urbain and Debierne, Compt. 
rend., 1899, 129, 302), and for the purpose of comparison the corre- 
sponding compound of bivalent cobalt was also obtained (Gach, 
Monatsh., 1900, 21, 98). 


Ultra-violet Absorption Spectra of Metallic Acetylacetone. 


The compounds were dissolved in absolute alcohol to M/5000- 
solutions, and examined in thicknesses of 1°6, 2°5, 4°0, 6°3, 10°0, 
20°0, 31°6, 50°1, and 100°0 mm. with a one-prism Hilger spectro- 
meter and an iron are. In Fig. la the absorption curve of lithium 
acetylacetone (unbroken line) is compared with that of acetylacetone 
itself (dot and dash line). The two curves are closely coincident, 
but the band of the lithium compound is less persistent than that 
of the parent B-diketone. This comparison is of interest because 
next to hydrogen, lithium is the element of least atomic weight 
available for the purpose of these comparative experiments. 

On Fig. 2a the absorption curve for thallous acetylacetone is 
shown by the broken line (dash and two dots). The metal in this. 
compound has the high atomic weight of 204, and functions as a 
univalent element. The absorption band is as persistent as that 
of the lithium compound, but is decidedly narrower. 

The third curve on Fig. la (dotted line) representing the absorp- 
tion band of copper acetylacetone is remarkably like the absorption 
of vanadyl bisacetylacetone (T., 1913, 108, 89), the band being 
equally persistent, but shifted towards the more refrangible end of 
the spectrum. 

The five curves of Fig. 15 are those of certain bivalent metals 
of the second vertical series of the periodic classification. The 
calcium acetylacetone curve (unbroken line) has an absorption band 
with its head at 1/A 3500; the barium acetylacetone curve (dash 
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and two dots) has a wider, shallower absorption band, with its head 


at 1/A 3650. The zine acetylacetone curve (dotted line) and the 


Fig. la. 
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cadmium acetylacetone curve (dot and dash) are closely coincident, 


but the former has the deeper band. 


curve (dash and three dots) shows a shallower band than those due 
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to zinc and cadmium, with a decided shift towards the more refrang- 
ible end, the bands being situated as follows: Zn 1/A 3550, 
Cd 1/4 3500, and Hg™ 1/a 3700. 


Fic. 2a, 
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Fig. 26 shows the absorption curves of the acetylacetones of 
chromium (unbroken line), iron (dotted line), tervalent cobalt (dash 
and three dots), and bivalent cobalt (dash and two dots). The curve 
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for the chromium compound is exceptional in showing two bands, 
the more refrangible being undoubtedly the acetylacetone band, 
whereas that towards the red end is probably due to the metallic 
radicle. 

The curve for ferric acetylacetone shows a shallow band with 
head at 1/A3750. The curve for cobaltic acetylacetone, like the 
preceding curve, exhibits a somewhat shallow band, the band for 
cobaltous acetylacetone being much deeper. 

The change from cobaltous to cobaltic acetylacetone involves a 
shifting of the band towards the more refrangible end, similar to 
the change observed in passing from vanadyl bisacetylacetone to 
vanadium teracetylacetone (T., 1913, 103, 89), the heads of the 
bands being situated as follows: 

VO" 1/3300; Co™ 1/3500. 
VU 1/0 3600; Co™ 1/3600. 


Fig. 2a shows the absorption curves for scandium acetylacetone 
(unbroken line) and yttrium acetylacetone (dotted line); the two 
curves are almost superposable, each exhibiting a strong band at 
1/A 3450. The absorption spectrum of thorium acetylacetone, which 
was previously examined by Baly and Desch (T., 1904, 85, 1029; 
1905, 87, 766), exhibited a strong band at 1/A 3600. 


The authors desire to express their thanks to the Research Grant 
Committee of the Royal Society for a grant which has partly 
defrayed the expenses of this investigation. 


Roya Co.Lecr oF ScrENcK FoR IRELAND, 
DuBLIN. 


XXV.—Chemical Examination of Sarsaparilla Root. 
By Freperick BeLpinc Power and ArtHuR Henry Sauway. 


Sarsaparilla root is obtained from different species of Smilax which 
are indigenous to tropical America, from Mexico to Brazil. It has 
been used medicinally for several centuries, and still maintains a 
place in the various national Pharmacopceias. 

The above-mentioned root has been the subject of numerous 
chemical investigations, which appear to have been conducted chiefly 
with the object of ascertaining the nature of its so-called active 
principles, or the constituents to which the assumed therapeutic 
virtues of the root are due. The earliest of these investigations was 
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apparently that of Pallotta (J. Pharm. Chim., 1824, 10, 543), who 
obtained a substance in the form of a white powder, possessing a 
peculiar odour and a bitter taste. This evidently impure substance 
was considered to be a new organic base, and was designated 
pariglina or parillin. Berzelius, in 1826, suggested for it the name 
smilacin. Products were subsequently obtained by Thubeuf (J. 
Pharm. Chim., 1832, 18, 734; 1834, 20, 162, 679) and by Batka 
(Annalen, 1834, 11, 313; J. Pharm. Chim., 1834, 20, 43), which 
were designated respectively salseparin and parillinic acid, but it 
was shown by Poggiale (J. Pharm. Chim., 1834, 20, 553) that these 
substances, although obtained by different methods, were practically 
identical in composition and properties with the pariglina (parillin) 
of Pallotta. The investigations mentioned were followed by various 
others, which need not be here enumerated, until Fliickiger (Arch. 
Pharm., 1877, 210, 535) isolated and described a substance, for 
which he retained the original name of parillin. This was definitely 
shown to be a glucoside, and to belong to the class of saponins, the 
glucosidal nature of ‘“‘smilacin” having previously been observed 
by O. Gmelin (Annalen, 1859, 110, 174). Fliickiger proposed for 
parillin the alternative formule, Cyj)H7)0,g or CygHgg0jg, and con- 
sidered that the saponins as a class might be represented by the 
general formula C,Hon-190}s. 

The most recent extended investigation of sarsaparilla root was 
conducted by W. v. Schulz (Pharm. /J., 1892, 52, 6; Arb. des 
pharmakol. Inst. zu Dorpat, 1896, 14, 14), who has stated it to 
contain three distinct saponin glucosides, to which the following 
names, formule, and characters were assigned : 

I. Parillin, of Pallotta and of Fliickiger (‘‘Smilacin” of Ber- 
zelius), CogH4y,049,24H,O. M. p. 176°14°; [a], —42°33°. Crystalline, 
and almost insoluble in cold water. 

II. Smilasaponin (“Smilacin” of Merck), (Cy9H3.0,9);,12H,0. 
[a], —26°25°. Amorphous, and soluble in water. ; 

III. Sarsasaponin,  (CooH3010)3.,24H,O. M. p. 220°26°; 
[a], —16°25°. Crystalline, and readily soluble in water. 

It was noted by v. Schulz that although the analysis of the last- 
mentioned compound gave somewhat higher figures for the hydrogen 
than the formula C,.H,,0,) requires, and the formula Cy,H,0,, 
would therefore appear at first sight to be more correct, he has 
adopted the former expression in order to bring the substance into 
the series having the general formula C,H.,-s0;).. This general 
formula has been considered by Kobert to represent the composition 
of all the above-mentioned compounds, as well as that of a number 
of other substances belonging to the class of saponins (compare van 
Ryn, Die Glykoside, p. 217). It has, furthermore, been stated by 
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v. Schulz that the hydrolysis of the sarsaparilla glucosides is not 
easily effected by heating under ordinary conditions with dilute 
acids, and that it is most completely accomplished when the opera- 
tion is conducted in a sealed tube. The ultimate products of the 
hydrolysis, besides sugar, have been designated respectively as 
parigenin, smilasapogenin, and sarsasapogenin, and to all of these 
the formula C,,H,3;0, or C.,H,,0, has been assigned. 

It has been assumed by v. Schulz (/oc. cit.) that the above- 
mentioned behaviour of the sarsaparilla glucosides on heating with 
dilute acids is due to the presence of several sugar complexes in 
the molecule, which become successively eliminated, and that the 
first products of hydrolysis therefore still retain the character of 
glucosides. This view has also been entertained by Rosenthaler 
and Strém (Arch. Pharm., 1912, 250, 290) with respect to the 
saponin obtained from the white or Levant soaproot (from a species 
of Gypsophila). The last-mentioned authors propose to designate 
the first product of hydrolysis as ‘“‘ pro-sapogenin,” restricting the 
term sapogenin to the final product: of hydrolysis, which is obtained 
by heating the glucoside with acid under pressure. The so-called 
pro-sapogenin, although crystalline, did not yield satisfactory results 
on analysis, which it was thought might be due to the presence of 
some impurity, such as sapogenin. 

Although some glucosides are known which, by suitable methods 
of hydrolysis, are capable of yielding intermediate glucosidal 
products, such, for example, as amygdalin and apiin (Ber., 1895, 
28, 1508; Annalen, 1901, 318, 121), it appears very doubtful 
whether the saponins in a pure state actually possess this character. 
The present investigation of sarsaparilla root has shown it to contain 
but one definite saponin glucoside, which agrees fairly well in its 
percentage composition and characters with the sarsasaponin of 
v. Schulz (Joc. cit.), and this name has therefore been retained, 
although a different formula has now been assigned to it. The 
sarsasaponin of the present authors is, however, readily hydrolysed 
by heating with dilute acids, without the formation of an inter- 
mediate product, but it has now been ascertained that it is accom- 
panied in sarsaparilla root by a phytosterolin (phytosterol gluco- 
side), which, as has recently been shown (T., 1913, 103, 399, 1022), 
is not changed by the ordinary methods of hydrolysis. There can 
be little doubt that the glucosidic products other than sarsasaponin 
which have hitherto been obtained from sarsaparilla root were not 
pure substances. The composition and characters assigned to the 
so-called parillin would appear to indicate that it consisted essen- 
tially of a mixture of the substance now designated as sarsasaponin 
with varying proportions of a phytosterolin, whilst in the course of 
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the present investigation it has been definitely ascertained that 
smilasaponin (“‘smilacin”’) is not a homogeneous compound. 

With consideration of the confusion which has existed respecting 
the glucosides of sarsaparilla root, and the fact that nothing has 
been known of its other constituents, apart from the recorded pres- 
ence of starch, traces of an essential oil, a little fatty oil, resin, and 
inorganic salts, it has seemed desirable to subject this root to a more 
systematic and complete chemical examination. The results of the 
present research, together with the deductions from them, are 
summarised at the end of this paper. 


EXPERIMENTAL, 


The material employed for this investigation consisted of a good 
quality of commercial grey Jamaica sarsaparilla, such as is recog- 
nised by the British Pharmacopeeia, and which is there described 
as the dried root of Smilax ornata, Hooker, fil. 

In order to ascertain whether an enzyme were present, a quantity 
(500 grams) of the powdered material was mixed with water and 
kept for two days at the ordinary temperature. The mixture was 
then filtered under pressure, and alcohol added to the filtrate. A 
flocculent precipitate was thus produced, which, when dried in a 
vacuum over sulphuric acid, amounted to 2°6 grams, or 0°52 per 
cent. of the weight of root employed. This substance slowly hydro- 
lysed amygdalin, thus indicating its enzymic activity. 

Another portion (10 grams) of the powdered root was tested for 
the presence of an alkaloid, but with a negative result. 

Twenty-five grams of the powdered root were next extracted 
successively in a Soxhlet apparatus with various solvents, when the 
following amounts of extract, dried at 100°, were obtained : 


Petroleum (b. p. 35—50°) extracted 0°11 gram 0°44 per cent. 


Ether és O1l ,; = 0° a 
Chloroform - oT « = 4a 
Ethy] acetate ai 020 , = 006 i 
Alcohol Pe ie « = OR 6 


ERNE Siasictjassaeen 1°79 grams= 7°16 per cent. 


i 


For the purpose of a complete chemical examination 22°1 kilo- 
grams of the ground material were extracted by continuous perco- 
lation with hot alcohol. After the removal of the greater portion 
of the alcohol, a viscid, dark-coloured extract was obtained, amount- 
ing to 2°95 kilograms. 
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Distillation of the Extract with Steam. 
Essential Oil. 


The whole of the above extract was mixed with water, and a 
vigorous current of steam passed through the mixture for several 
hours. The distillate, on extraction with ether, yielded 2°6 grams 
of an essential oil, being thus equivalent to about 0°01 per cent. 
of the weight of root employed. This essential oil, when distilled 
under diminished pressure, passed over between 70 and 200°/15 mm. 
as a pale yellow liquid, which possessed a pleasant, somewhat 
aromatic odour, a density of 0°977 at 15°/15°, and was not com- 
pletely soluble in 70 per cent. alcohol. It was found to contain 
furfuraldehyde, and also gave a bluish-black coloration with ferric 
chloride, thus indicating the presence of a phenolic substance. 

After the above operation the steam distillation flask contained 
a considerable quantity of a brown resin, which formed with the 
aqueous liquid a viscid emulsion. Since the resin did not separate 
on keeping, the mixture was agitated with hot amyl alcohol. By 
this means a very dark-coloured aqueous liquid (A) was obtained, 
whilst the amyl-alcoholic extract contained the resin (B), partly 
in solution and partly in suspension. This extract was filtered, the 
filtrate well washed with water, the solvent then removed, and the 
residual semi-solid resin, together with that portion of the resin 
which was insoluble in amyl alcohol, put aside for subsequent 
examination. 


Separation of an 


Examination of the Aqueous Liquid (A). 
Isolation of a new Dicarborylic Acid, Sarsapic Acid, CgH,Og. 


The aqueous liquid from which the resin had been removed, as 
above described, was repeatedly extracted with ether. The combined 
ethereal extracts were then concentrated to a convenient volume 
and shaken with an aqueous solution of ammonium carbonate. On 
acidifying the ammonium carbonate extract it yielded about 6 grams 
of a semi-solid substance, which was dissolved in ether, the ethereal 
solution being washed, dried, and the solvent removed. The residue, 
which gradually solidified, was first freed from a little adhering oil 
by drying on a porous tile, and then crystallised from hot water 
containing a little alcohol. A substance was thus obtained which 
separated in slender, colourless needles, melting at 305°: 

0°0850 gave 0°1307 CO, and 0°0200 H,.O. C=41'9; H=2°6. 

C,H,0, requires C=41'9; H=2°3 per cent. 

0°1728 required for neutralisation 20°0 c.c. V/10-KOH. N.V.= 

64°9. 
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A dicarboxylic acid, C,;H,O,, requires N.V.= 65-2. 
The molecular weight of the substance was determined by Barger’s 
microscopic method, with the following result : 
0°0700 in 5°6 c.c. alcohol was between 0°065 and 0°075 mol. 
Mean M.W.=179, C,H,O, requires M.W.=172. 


It is evident from these results that the above substance is a 
dibasic acid possessing the empirical formula C,H,O,. The only 
compounds of this formula hitherto recorded are tetrahydroxybenzo- 
quinone, COS lon ):c10H yO and 3:5-dihydroxy-4-pyrone-2- 
carboxylic acid, CO OR bE 
is identical with the’ above-described substance. Since the latter 
is therefore a new compound, it is proposed to designate it sarsujic 
acid, with reference to the source from which it has been obtained. 

Sarsayic acid, CyH,0,(CO,H)., is sparingly soluble in cold water 
or ether, but very soluble in alcohol. It is moderately soluble in 
hot water, from which it separates, on cooling, in colourless needles. 
It gives no coloration with ferric chloride. Its methyl ester, 

‘,H,O,(CO,°CH3)., prepared by passing dry hydrogen chloride into 
a hot methyl-alcoholic solution of the acid, crystallises from alcohol 
in colourless leaflets, melting at 121°. This substance is volatile 
in steam, and, when gently heated, possesses an odour suggestive of 
safrole. It was analysed with the following result : 

0°0995 gave 0°1746 CO, and 0°0363 H,O. C=47'9; H=4'l. 

C,H,O, requires C=48°0; H=4°0 per cent. 

From the above-mentioned properties of sarsapic acid it would 
appear to contain two carboxylic groups, which would account for 
the state of combination of four of the oxygen atoms. In order to 
ascertain the manner in which the two remaining oxygen atoms 
are combined, methyl sarsapate was heated for some time with 
acetic anhydride, but no change took place. The same ester was 
heated for several hours with sodium acetate and hydroxylamine 
hydrochloride in aqueous alcohol, but no reaction occurred. It 
would appear, therefore, that sarsapic acid contains neither a 
hydroxyl nor a carbonyl group. With consideration of these facts 
it is highly probable that the acid possesses the constitution : 

-UH:C(CO,H 
<OH:0(007 H)> * 


>O, neither of which, however, 


O: 


The ethereal liquid, which had been shaken with aqueous ammon- 
ium carbonate for the removal of the sarsapic acid, as described 
above, was subsequently extracted with aqueous solutions of sodium 
carbonate and sodium hydroxide. Both of these extracts, on acidi- 
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fication, yielded only a small amount of a brown, amorphous solid, 
whilst the ethereal liquid remaining after the treatment with 
alkalis also contained nothing definite in character. 

The aqueous liquid, after being extracted with ether as above 
described, gave on agitation a copious and persistent froth, and 
evidently contained some saponaceous substance. In order to isolate 
the latter, if possible, the aqueous liquid was extracted repeatedly 
with amyl alcohol. The combined extracts were first washed with 
a little water, and then concentrated under diminished pressure, 
when a considerable quantity (20 grams) of a pale brown, amor- 
phous solid was deposited. This substance was found to be gluco- 
sidic in character, and also to possess saponin-like properties, but 
no definite compound could he isolated directly from it. With the 
object of ascertaining whether any definite hydrolytic product 
could be obtained from the substance, the latter was heated for 
some time with dilute sulphuric acid, when a brown solid soon began 
to separate. After the hydrolysis was complete the mixture was 
extracted with ether, when some indefinite material remained undis- 
solved. The ethereal solution was then first washed with aqueous 
sodium hydroxide, which removed some colouring matter, and 
subsequently with water, after which it was dried and the ether 
removed, when about 1 gram of a crystalline solid remained. This 
substance was purified by recrystallisation from alcohol, when 
it formed colourless, prismatic needles, melting at 183°. It was 
found to be identical with sarsasapogenin, C.,H,.03, the hydrolytic 
product of the glucoside (sarsasaponin) which was subsequently 
isolated, as described below. 

The aqueous liquid obtained in the above-described hydrolysis 
was treated with baryta water for the removal of the sulphuric 
acid, and concentrated to a small volume. It then readily reduced 
Fehling’s solution, but no osazone could be prepared from it. 

It is evident from the above results that the brown, amorphous 
solid which had been obtained by extraction with amyl alcohol 
contained a small amount of sarsasaponin, together with a consider- 
able proportion of indefinite material. 

The amvl-alcoholic filtrate remaining after the removal of the 
above-described brown, amorphous solid also yielded a small amount 
of sarsasapogenir on hydrolysis with sulphuric acid. 

The original aqueous liquid, after having been extracted with 
amyl alcohol as above described, was treated with an excess of basic 
lead acetate, when an abundant, dark brown precipitate was 
produced. This was collected and washed with water, then sus- 
pended in water, and decomposed by hydrogen sulphide. The 
filtered liquid, which was very darkly coloured, was concentrated 
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to a small volume, but nothing crystalline separated on keeping. 
A portion of the liquid was therefore heated for a short time with 
aqueous potassium hydroxide, after which treatment the mixture 
was acidified and extracted with ether. The ethereal liquid was 
then shaken with aqueous ammonium carbonate, which removed a 
small quantity of a crystalline acid. This substance, after purifica- 
tion, melted at 305°, and was identified as sarsapic acid, C,H,O,, 
which had previously been isolated as described above. Since this 
small amount of acid was only obtained after heating with alkali, 
it must have been present in the aqueous liquid in some form of 
combination. The ethereal liquid, after the removal of the sarsapic 
acid, contained only indefinite colouring matter. 

The filtrate from the basic lead acetate precipitate was treated 
with hydrogen sulphide for the removal of the excess of lead, and 
the filtrate concentrated to a syrup. On keeping the latter for some 
time about 10 grams of a crystalline solid separated in long needles. 
This substance consisted of potassium nitrate, which had previously 
been observed to occur in sarsaparilla root. The syrup also con- 
tained an abundance of sugar, since it readily yielded d-phenyl- 
glucosazone, melting and decomposing at 212°. In order further 
to confirm the identity of the sugar a portion of the syrup was 
heated with acetic anhydride. An acetyl derivative was thus 
obtained, which, when crystallised several times from alcohol, melted 
at 130—131°, and consisted of 8-penta-acetyldextrose. The above- 
mentioned syrup gave no precipitate with potassium-mercuric iodide, 
iodine, phosphomolybdic acid, or mercuric nitrate, but, when heated 
with potassium hydroxide, ammoniacal vapours were evolved. Since 
it still possessed saponaceous properties, a portion of the syrup was 
heated with 5 per cent. aqueous sulphuric acid, and the mixture 
subsequently extracted with ether, when a small amount of sarsa- 
sapogenin, C.,H,.O3, was obtained, thus indicating the presence of 
sarsasaponin in the original aqueous liquid. 


Examination of the Resin (B). 


The crude resin, which had been separated from the aqueous 
liquid (A) by means of amyl alcohol as above described, was 
dissolved in alcohol, mixed with purified sawdust, and the dried 
mixture successively extracted in a large Soxhlet apparatus with 
light petroleum, ether, chloroform, ethyl acetate, and alcohol. 


Petroleum Extract of the Resin. 
Isolation of Sitosterol, C,H4,0. 


The petroleum extract of the resin was a dark-coloured, viscid 
solid, amounting to 125 grams. Since it consisted chiefly of fatty 
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matter, it was heated for some time with 50 grams of potassium 
hydroxide in the presence of alcohol. The greater portion of the 
alcohol was then removed, water added, and the mixture subse- 
quently extracted many times with ether. The combined ethereal 
extracts yielded on evaporation 10 grams of an oily residue, which 
rapidly solidified. This material was dissolved in a hot mixture of 
alcohol and ethyl acetate, when, on cooling, a substance separated 
in colourless needles, melting at 135—-136°, which gave the colour 
reaction of the phytosterols: 

0°0958, heated at 110°, lost 0°0040 H,O. H,O=4°2. 

00918 * gave 0°2818 CO, and 0°0995 H,O. C=83°'7; H=12°0. 

Cy,H,,0,H,O requires H,O=4°5 per cent. 
Cy,7Hy,O requires C=83°9; H=11°9 per cent. 

A determination of the optical rotatory power of the substance 
gave the following result: 

0°3048,* made up to 20 c.c. with chloroform, gave a, —0°50’ in a 

2-dem. tube, whence [a], —27°3°. 

The acetyl derivative, when crystallised from a mixture of alcohol 
and ethyl acetate, separated in stellar clusters of colourless needles, 
melting at 126—127°. 

It is evident from these results that the above-described substance 
is sitosterol. 


Isolation of Sitosterol-d-glucoside (Phytosterolin), CagH 5.0. 


The alkaline liquid, from which the above-described sitosterol had 
been removed by ether, was acidified with dilute hydrochloric acid, 
and the precipitated material extracted with ether. A portion of 
the precipitate, amounting to about 3 grams, was very sparingly 
soluble in ether. This was therefore separately collected, and then 
purified by crystallisation from amyl] alcohol. It was thus obtained 
in microscopic needles, melting and decomposing at 280—285°: 

0°1062 gave 0°2802 CO, and 0°0984 H,O. C=72'0; H=10°3. 

Cz3H 5,0, requires C=72°3; H=10°2 per cent. 

From the analysis and properties of the above-mentioned sub- 
stance it appeared to consist of a phytosterolin (phytosterol gluco- 
side). The correctness of this supposition was confirmed by hydro- 
lysing the substance in amyl-alcoholic solution with hydrochloric 
acid (compare T., 1913, 103, 403), when it was resolved into 
dextrose, which was identified by means of its osazone, and a 
substance melting at 136°. The latter gave the characteristic 
colour reaction of the phytosterols, possessed an optical rotation in 
chloroform of [a], —35°2°, and yielded an acetyl derivative melting 
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at 124°. This hydrolytic product was thus identified as sitosterol, 
and the substance from which it was obtained was consequently 
sitosterol-d-glucoside. 


Identification of the Fatty Acids. 


The above-mentioned ethereal solution, from which the phyto- 
sterolin had been removed by filtration, yielded, on evaporation, 
about 70 grams of crude fatty acids. These were converted into 
their methyl esters, and then subjected to fractional distillation 
under diminished pressure, when the greater portion passed over 
at 210—230°/15 mm., but a small fraction was collected above 
230°/15 mm. The latter fraction solidified in the receiver, and, 
when crystallised from ethyl acetate, separated in glistening leaflets, 
melting at 58—59°: 

0°1174 gave 0°3354 CO, and 0°1381 H,O. C=77'9; H=13'1. 

C,3H,,0, requires C=78°0; H=13°0 per cent. 

The above substance appeared to consist of methyl behenate, and 
this view of its character was confirmed on hydrolysis, when a 
fatty acid was obtained melting at 76—77°, and possessing a 
neutralisation value of 157 (Cy.H,,O, requires N.V.=165). The 
fatty acid was thus identified as behenic acid. 

The fraction of methy] esters distilling at 210—230°/15 mm. was 
hydrolysed, and the resulting fatty acids separated into liquid and 
solid portions by conversion into the lead salts, and treating the 
latter with ether. 

The Solid Acids——This portion of acid, amounting to about 
30 grams, was crystallised once from a mixture of alcohol and ethyl 
acetate, when it melted at 54—56°. The product was analysed with 
the following result: 


071148 gave 0°3168 CO, and 0°1289 H,O. C=75°3; H=12°5. 
Cy>Hg.0, requires C=75°0; H=12°5 per cent. 
C,H 30, ve C=761; H=12°7 ,, 

It is thus evident that the solid acids consisted of a mixture of 
palmitic and stearic acids. 

The Liquid Acids.—These acids, when distilled under diminished 
pressure, passed over between 230° and 240°/15 mm., and amounted 
to 20 grams. An analysis and a determination of the iodine value 
gave the following results: 

0°1132 gave 0°3178 CO, and 0°1170 H,O. C=76°6; H=11°5. 

0°1492 absorbed 0°2333 iodine. Iodine value=156. 

C,,H,O, requires C=76°6 ; H'=12'1 per cent. Iodine value=90°1. 
CisHyO9, _;, C=771; H=11°4 ,, ,, Iodine ,, =181°4. 
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From these results it would appear that the liquid acids consisted 
of a mixture of oleic and linolic acids, the latter predominating. 


Ethereal Extract of the Resin. 


This extract was a dark-coloured solid, amounting to 32 grams. 
It was digested with a considerable volume of ether, when a portion 
was found to be very sparingly soluble. The mixture was therefore 
filtered, and the insoluble material purified by crystallisation from 
a mixture of amyl and ethyl alcohols, when about 1 gram of a 
microcrystalline solid, melting at 295—300°, was obtained. This 
substance was identified as sitosterol-d-glucoside, since it yielded, on 
hydrolysis, sitosterol and dextrose. 

The ethereal liquid from which the above-mentioned glucoside 
had been removed was next shaken with aqueous ammonium 
carbonate. The alkaline liquid, on acidification, yielded 1°5 grams 
of an oily acid, which became partly crystalline on keeping. The 
crystals were freed from oily matter by pressing on a porous plate, 
and then recrystallised from dilute alcohol, when colourless needles, 
melting at 300—305°, were obtained. This acid yielded a methyl 
ester, melting at 121°, and was thus identified as sarsapic acid, 
C;H,O,, which had previously been isolated from the aqueous 
liquid. 

The ethereal liquid was subsequently shaken with aqueous sodium 
carbonate, but only a small amount of a brown, amorphous solid 
was thus removed. It was then treated with a 10 per cent. solution 
of sodium hydroxide, when an extract was obtained which, on 
acidification, yielded a quantity of a brown, amorphous solid. This 
was collected and dissolved in hot alcohol, from which it separated 
in an indistinctly crystalline form. Attempts were made to obtain 
this substance in a purer condition, but after several separations 
from alcohol it still retained a brown colour, and was not definitely 
crystalline. It began to sinter at 78°, and melted completely at 
145°. It was glucosidic in character, for, on heating with hydro- 
chloric acid in the presence of alcohol, it yielded an aqueous liquid 
which readily reduced Fehling’s solution, and also a hydrolytic 
product melting at 50—55°. The latter possessed the properties 
of a fatty alcohol, but the amount obtained was not sufficient for 
its complete characterisation. It would appear probable, however, 
from the result, of the hydrolysis, and also from the properties of 
the glucoside, that the latter was somewhat impure cetyl-d-glucoside, 
which is known to sinter at 78°, and become completely melted at 
150° (Salway, T., 1913, 108, 1028). 
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Identification of Stigmasterol, Cyg,H5 0. 


The ethereal liquid, which had been shaken with alkalis, as above 
described, was finally washed with water, dried, and the ether 
removed. A crystalline solid, amounting to 2 grams, was thus 
obtained, which, when recrystallised from a mixture of ethyl acetate 
and alcohol, separated in colourless leaflets, melting at 140°. The 
substance possessed the properties of a phytosterol, and evidently 
consisted for the most part of sitosterol, which had previously been 
isolated from the petroleum extract of the resin. Its high melting 
point indicated, however, the presence of some stigmasterol, and 
the substance was therefore successively acetylated and brominated, 
according to the method described by Windaus and Hauth (Ber., 
1906, 39, 4378; 1907, 40, 3681). In this manner a sparingly 
soluble bromo-derivative was isolated, which crystallised from a 
mixture of alcohol and chloroform in colourless leaflets, decom- 
posing at 208°: 

0°0656 gave 0°1162 CO, and 0°0408 H,O. C=483; H=6°9. 

C,.H;,0,Br, requires C=48°7; H=6°6 per cent. 

From the analysis and properties of the above compound it is 
evidently identical with tetrabromoacetyl stigmasterol, thus proving 
the presence of stigmasterol in sarsaparilla root. 


Chloroform and Ethyl Acetate Extracts of the Resin. 


These extracts were dark-coloured, brittle solids, amounting to 
55 and 20 grams respectively. Both of these extracts were gluco- 
sidic in character, but no definite glucoside could be isolated from 
them. The ethyl acetate extract of the resin, however, on heating 
with dilute sulphuric acid, yielded a small amount of sarsapic 
acid, C,H,Og. 


Alcohol Extract of the Resin. 


This extract was a dark brown solid, amounting to 45 grams. It 
was dissolved in alcohol, and the solution kept for some time, when 
a quantity of a crystalline solid separated, which was collected. 
The alcoholic liquid was then concentrated to a convenient bulk, 
and heated for some time with aqueous hydrochloric acid. After 
removing the alcohol in a current of steam, the remaining aqueous 
liquid was separated by filtration from a dark-coloured resin, and 
the filtrate extracted with ether. The resin also was digested with 
ether, which, however, dissolved but a small proportion of it. The 
two ethereal liquids were united, washed first with aqueous sodium 
hydroxide, subsequently with water, then dried, and the solvent 
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removed. A crystalline residue (0°2 gram) was thus obtained, which 
melted at 183°, and was found to be identical with the sarsa- 
sapogenin described below, 


Isolation of Sarsasaponin, Cy,H70o9,7 HO. 


The above-mentioned crystalline solid, which separated from the 
alcoholic solution of the resin, was purified by several crystallisations 
from alcohol, when colourless, elongated needles were obtained, 
which began to sinter at about 200°, and melted completely at 
248°. The substance was glucosidic in character, and its aqueous 
solution, when agitated, yielded a copious and persistent froth. It 
thus possessed the properties of a saponin. The amount of pure 
substance isolated from the above extract of the resin was 1°5 grams, 
It was analysed, with the following results: 


0°1089, on heating at 125°, lost 0°0130 H,O. H,O=11°9. 
0°0934 * gave 0°1967 CO, and 0°0663 H,O. C=57'4; H=7°9. 
0°1048* ,, 0°2213 CO, ,, 0°0758 H,O. C=576; H=8°0. 
CH 709,7H,O requires H,O=12°0 per cent. 
C,H 7,09 requires C=57'1; H=8'2 - 
4411720 99 ” C=57'4; H=78 _ 

The above analytical figures will be seen to be in somewhat 
better agreement with the formula C,,H,.0,) than with Cy,H7_Ooo, 
but the data subsequently obtained by the hydrolysis of the 
glucoside are more in accordance with the latter formula, and this 
has therefore been adopted as having the greater probability of 
correctness. 

W. v. Schulz (loc. cit.) had previously isolated from sarsaparilla 
_root a saponin glucoside, which possessed nearly the same per- 
centage composition as that above described (Found, C=57'1; 
H=8'1), and was designated sarsasaponin. This compound, to 
which the formula (Cy,H3¢0,9)3,24H,O was assigned, was stated to 
melt at 220°26°, to have [a], —16°25°, and to yield an indefinite 
hydrolytic product of variable composition. Its hydrolysis was, 
however, considered to result in the formation of sarsasapogenin, 
C.,H,,0,, dextrose, and an undetermined acid or mixture of acids, 
C,H,O,, in accordance with the following equation: 

2(CogH 3019) + 2H,O = CogH gO, + 2CGHj 0, + CpH Og. 

The saponin glucoside, which has now been isolated from 
sarsaparilla root, yields a well-defined, crystalline, hydrolytic 
product, which will subsequently be described. Although this 
glucoside differs in some of its other characters, such as melting 
point and optical rotation, from the sarsasaponin of v. Schulz, and 
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a somewhat different formula has now been assigned to it, there can 
be no doubt of the fundamental identity of the compounds. It is 
therefore deemed desirable that the name sarsasaponin should be 
retained for the glucoside which is here described. 

Sarsasaponin is readily soluble in water or hot alcohol, but only 
very sparingly soluble in ether. It cannot be crystallised from 
water, and is best purified by crystallisation from 95 per cent. 
alcohol. It shows, however, a great tendency to separate from 
concentrated alcoholic solutions in a gelatinous form. 

Sarsasaponin can be removed for the most part from its aqueous 
solution by shaking the latter with finely divided substances which 
are insoluble in water, and it had been observed by v. Schulz 
(loc. cit.) that when its lead compound was decomposed by hydrogen 
sulphide, the glucoside was contaiaed to a large extent in the 
precipitated lead sulphide. In the course of the present investi- 
gation sarsasaponin could only be isolated in a pure state from 
the resinous material, notwithstanding the fact that it is readily 
soluble in water, and was evidently contained, in part, in the 
aqueous liquid obtained by treating the alcoholic extract of the 
root with water. From the facility with which it is mechanically 
precipitated, as well as from the results of cryoscopic observations, 
it seems highly probable that sarsasaponin forms with water only 
colloidal solutions. The property of forming such solutions would 
also account for the persistent froth which is produced by the 
substances designated as saponins when shaken with water. 

When sarsasaponin is dissolved in acetic anhydride, and sub- 
sequently a few drops of concentrated sulphuric acid added, a yellow 
colour is produced, and the liquid rapidly develops a green 
fluorescence. On keeping for some time, or on the addition of a 
larger amount of sulphuric acid, the liquid acquires a reddish- 
brown colour. 

The specific rotatory power of sarsasaponin was determined with 
the following result: 

0°2130,* made up to 20 c.c. with water, gave a, —1°2’ in a 2-dem. 

tube, whence [a],, —48°5°. 

v. Schulz (Joc. cit.) has recorded that the substance designated 
by him as sarsasaponin had 4 rotation of [a], —16°25°. 


Hydrolysis of Sarsasaponin. 
Formation of Sarsasapogenin, CogH Os, and Dextrose. 


One gram of sarsasaponin, in aqueous solution, was heated with 
5 per cent. sulphuric acid, when, after a short time, a gelatinous, 
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hydrolytic product separated, which gradually became crystalline. 
The heating was continued for several hours, and the mixture then 
distilled in a current of steam, but no volatile product of hydrolysis 
was found in the distillate. After this operation there remained 
in the distillation flask a crystalline solid, which was collected by 
filtration, the filtrate being set aside for the subsequent examination 
of the sugar. The solid substance was washed with water, and 
recrystallised from alcohol, when it separated in slender, colourless 
needles, melting at 183°, and containing water of crystallisation: 
0°1936, heated at 120°, lost 0°0113 H,O. H,O=5°8. 

0°0961 * gave-0°2724 CO, and 0°0906 H,O. C=773; H=10°5. 

The molecular weight of the substance was determined by both 
the cryoscopic and the microscopic method, with the following 
results : 

0°1681,* in 19°8 c.c. benzene, gave At —0°100°, whence M.W. = 424. 

0°1820,* in 10 cc. alcohol, was between 0°05 and 0°04 mol. 

Mean M.W.=404. 
CygH4.03,14H,O requires H,O=6°3 per cent. 
CygH yO, requires C=77°6; H=10°4 per cent. M.W.=402. 

From the above results it is evident that the hydrolytic product 
of sarsasaponin, for which the name sarsasapogenin may be retained, 
possesses the empirical formula C,,H,,0O,. This is further con- 
firmed by the analysis of its acetyl derivative, described below. 

It has been stated by W. v. Schulz (loc. cit.) that the complete 
hydrolysis of sarsasaponin is only effected with great difficulty, 
and that the resulting hydrolytic product, sarsasapogenin, possesses 
the formula C,,H,,0,. Inasmuch as the sarsasaponin obtained in 
the present investigation was easily and completely hydrolysed by 
the above-described treatment, it is probable that the glucoside of 
v. Schulz was contaminated with some phytosterolin, such as is now 
known to be present in sarsaparilla root, and which is only very 
slowly hydrolysed by aqueous acids. 

Sarsasapogenin, CogH,,0,°OH, is readily soluble in chloroform or 
benzene, but only moderately so in ether or cold alcohol. When 
the substance is dissolved in acetic anhydride, and a few drops of 
concentrated sulphuric acid subsequently added, a yellow coloration 
is produced, and the liquid soon develops a green fluorescence. On 
keeping for some time, or on the addition of a larger amount of 
sulphuric acid, the liquid acquires a reddish-brown colour. Sarsa- 
sapogenin is optically active: 
0°1133, made up to 20 c.c. with methyl alcohol, gave a, — 0°41’ 

in a 2-dem. tube, whence [a], — 60°3°. 
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Monoacetylsarsasapogenin, Cy,H,,0,;CO°CH,.—This compound 
was prepared by heating sarsasapogenin for an hour with acetic 
anhydride, the solution being then concentrated to a small bulk, 
and a little alcohol .subsequently added. After a short time an 
acetyl derivative separated, which, when collected and recrystallised 
from alcohol, was obtained in colourless needles, melting at 137°. 
It was analysed and its specific rotation determined, with the 
following results: 

0°0968 gave 0°2684 CO, and 0°0872 H,O. C=75'6; H=10°0. 

C.,H,,0, requires C=75'7; H=9°9 per cent. 

0°1160, made up to 20 c.c. with chloroform, gave a, —0°40/ in 

a 2-dem. tube, whence [a], —57°5°. 


The acid, aqueous liquid resulting from the hydrolysis of sarsa- 
saponin was treated with just sufficient barium hydroxide to pre- 
cipitate the sulphuric acid completely, and the mixture then 
filtered. The filtrate, on evaporation, yielded a syrup, from which 
d-phenylglucosazone (m. p. 214°) was prepared, thus proving the 
presence of dextrose. No evidence .could be obtained of the 
formation of any other sugar as a product of hydrolysis of the 
glucoside. 

The above results have shown that sarsasaponin is resolved on 
hydrolysis into sarsasapogenin, C,,H,.O;, and dextrose. In order 
to ascertain the relative proportion of sarsasapogenin which is 
yielded by the glucoside, a definite quantity of the latter, dried at 
120°, was hydrolysed, and the respective hydrolytic product 
collected, dried at 110°, and weighed. The amount of sarsa- 
sapogenin thus obtained was 38 per cent. of the weight of sarsa- 
saponin employed (CyH,O.) requires Cy ,H,.O,;=43°5 per cent.). 
The hydrolysis of the glucoside may thus be represented by the 
following equation: 

Cy4H 7g0 29 + HyO = CogHyoOg + 3C gH 0g. 

The assumption of v. Schulz (loc. cit.) that by the hydrolysis of 
sarsasaponin an acid or a mixture of acids is formed, together with 
the other products mentioned, cannot be confirmed, and is obviously 


incorrect. The acid observed by him was doubtless only such as is 
produced by the action of the hydrolysing agent on the sugar. 


Examination of “ Smilacin” (“ Smilasapomn” of v. Schulz). 


The substance described by v. Schulz (Joc. cit.) as “ smilasaponin,”’ 
and recorded in the literature under that name or as “smilacin,” 
was evidently regarded by him as a d'stinct glucoside of sarsaparilla 
root. Although an amorphous product, he assigned to it the 
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formula (Cy,H.0,9);,12H,O, and observed its optical rotation to be 
[a]y —26°25°. Inasmuch as the “smilasaponin” examined by 
v. Schulz was stated to have been the preparation known in com- 
merce as “sinilacin,” it was deemed desirable in connexion with the 
present investigation to determine its character. A small quantity 
of the preparation was therefore obtained from the same source 
of supply as had been indicated by v. Schulz. 

“Smilacin,” as procured from the source indicated, was a pale 
brownish-yellow, amorphous powder. It dissolved readily in water, 
yielding a yellow solution, which frothed strongly on agitation, and 
did not reduce Fehling’s solution. The substance, when heated in 
a capillary tube, began to sinter at 140°, and decomposed with 
evolution of gas at 160°. When heated at 110°, it lost 17°7 per 
cent. of its weight, and on ignit’on it left a small amount of 
inorganic residue. In view of the character of the substance, it 
was not deemed suitable for analysis, and on account of the colour 
of its aqueous solution the optical rotatory power could only be 
determined with approximate accuracy. 


0°2250 of anhydrous substance, made up to 20 c.c. with water, 
gave a, about —1°0/ in a 2-dem. tube, whence [a], —44°4°. 


When a little of the substance was dissolved in acetic anhydride, 
and a few drops of concentrated sulphuric acid subsequently added, 
a reddish-brown coloration was produced, the liquid also showing 
a faint green fluorescence. 

Hydrolysis of ‘‘Smilacin.”—Three grams of the substance were 
dissolved in 30 c.c. of amyl alcohol, and 10 c.c. of 15 per cent. 
aqueous hydrogen chloride added, together with sufficient alcohol 
(about 1 c.c.) to render the mixture homogeneous. This solution 
was heated for three hours, and the amyl alcohol then removed 
in a current of steam, when a dark-coloured solid remained in the 
distillation flask. The solid was extracted with ether, and the 
ethereal solution washed with aqueous sodium carbonate, which 
removed a small amount of brown, amorphous material. The 
ethereal liquid was then dried, and the solvent removed, when 
0°3 gram of a substance was obtained, which, when crystallised from 
alcohol, separated in colourless, feathery needles, melting at 
184—185°. When the substance was mixed with a specimen of 
pure sarsasapogenin (m. p. 183°) no depression of the melting point 
ensued. It also showed the same behaviour as the last-mentioned 
compound when dissolved in acetic anhydride and a drop of con- 
centrated sulphuric acid subsequently added. The identity of 
the substance with sarsasapogenin was further confirmed by 
analysis: 


218 CHEMICAL EXAMINATION OF SARSAPARILLA ROOT. 


0°0712 gave 0°2035 CO, and 0°0665 H,O. C=77°9; H=10°4. 
C.,H.03 requires C=77°6; H=10°4 per cent. 

The aqueous liquid resulting from the above-described hydrolysis 
was exactly neutralised with sodium carbonate, and then evaporated 
to dryness under diminished pressure. This residue was digested 
with hot alcohol, the mixture filtered, and the filtrate evaporated. 
A syrupy liquid was thus obtained, which readily reduced Fehling’s 
solution, and yielded an osazone melting at 212°. 

It is evident from the above results that the so-called ‘ smilacin,” 
which has now been examined, contained a relatively smail pro- 
portion of the glucoside sarsasaponin, but that it consisted for the 
most part of indefinite amorphous products. 


Summary and Conclusions. 


The material used for the present investigation consisted of a 
good quality of grey Jamaica sarsaparilla root. 

The root was found to contain a small amount of an enzyme, 
which slowly hydrolysed amygdalin. 

An alcoholic extract of the root, when distilled in a current of 
steam, yielded an amount of essential oil equivalent to about 0°01 
per cent. of the weight of root employed. This essential oil was 
a pale yellow liquid, which distilled between 70° and 200°/15 mm., 
and had a density of 0°977 at 15°/15°. 

The alcoholic extract was found to contain the following definite 
compounds: (i) a crystalline glucoside, sarsasaponin, Cy,H7g059,7 HO 
(m. p. 248°; [a], —48°5°), which, on hydrolysis, is resolved into 
sarsasapogenin, C.,H,.O, (m. p. 183°; [a], —60°3°), and dextrose. 
Sarsasapogenin yields a monoacetyl derivative, C.,H,,0,;*CO-CH, 
(m. p. 137°; [a],, —57°5°); (ii) sitosterol-d-glucoside (phytosterolin), 
Cy3H5g0, (m. p. 280—285°); (iii) sitosterol, C,,H,,O (m. p. 
135—136° ; [a], —27°3°); (iv) stigmasterol, C3,H,;,0, identified by 
its tetrabromoacetyl derivative, C.,H,OBr,-CO-CH, (m. p. 208°); 
(v) a new, crystalline, dicarboxylic acid, sarsapie acid, 
C,H,0,(CO,H)., melting at 305°, and yielding a dimethyl ester, 
C,H,O, (m. p. 121°); (vi) dextrose, from which B-penta-acetyl 
dextrose (m. p. 131—132°) and d-phenylglucosazone (m. p. 212°) 
were prepared ; (vii) a mixture of fatty acids, consisting of palmitic, 
stearic, behenic, oleic, and linolic acids. The alcoholic extract con- 
tained, furthermore, a small quantity of a substance which possessed 
the characters of cetyl-d-glucoside, and a considerable quantity of 
potassium nitrate was also present. The total amount of resinous 
material was equivalent to about 1°25 per cent. of the weight of 
the root. 
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The results of the present investigation have shown that Jamaica 
sarsaparilla root contains but one definite saponin glucoside, namely, 
sarsasaponin. This is accompanied, however, in the root by a 
phytosterolin (sitosterol-d-glucoside), which represents a class of 
compounds that has only quite recently been known to occur in 
plants (compare T., 1913, 103, 399, 1022). It is probable that the 
same or similar conditions exist with respect to the constituents of 
other commercial varieties of sarsaparilla root, and the composition 
and properties of the compound designated by v. Schulz and earlier 
investigators as parillin would, in fact, indicate that it consisted 
of a mixture of sarsasaponin and a phytosterolin. The so-called 
“smilacin” (“smilasaponin” of v. Schulz), as examined by the 
present authors, has been ascertained not to be a homogeneous 
substance, but to contain some sarsasaponin, together with indefinite 
amorphous products. 

It may finally be noted that v. Schulz (loc. cit.) had found 
sarsasaponin to be, physiologically, the most active of the glucosidic 
products described by him, and this observation is quite in 
accordance with the above conclusions respecting the character of 
“parillin” and “smilasaponin.”’ 

THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 
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XXVI.—The Identity of the Supposed B-2 : 5-Dimethyl- 
piperazine. 
By WI..1Am Jackson Pore and Joun Reap. 


In a recent paper (T., 1912, 101, 2325) we have called attention 
to the interesting character of the stereoisomerism which should 
be exhibited by substances of the constitution: 


apC<jp 5 >CaB, 
and have pointed out that the isomeride of the cis-configuration 
should possess an axis of two-fold symmetry, but should be of 
enantiomorphous molecular configuration. Such a substance would 
therefore be expected to exhibit optical activity in the amorphous 
state. 

For the purpose of experimentally illustrating the important 
stereochemical relationships which should hold between isomerides 
of the constitution depicted, we endeavoured to resolve beth of the 
described 2:5-dimethylpiperazines : 


CH. NU-CHN,.-CH 
H>C<on, NH? CS 
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into enantiomorphously related components; the substance of the 
trans-configuration should, in accordance with the van’t Hoff-LeBel 
conception, not be so resolvable, whilst the cis-compound ought to 
exist in enantiomorphous, and therefore optically active, modifica- 
tions. Although the methods which we employed were of exhaus- 
tive applicability, neither substance could be resolved; we were 
therefore forced to the conclusion that both the a- and B-2:5-di- 
methylpiperazines are potentially inactive, a conclusion which is in 
disaccord with the theoretical interpretation of the configurations. 
We have now subjected a- and §-2:5-dimethylpiperazine to a 
further experimental examination, and have arrived at the conclu- 
sion (1) that the substance described as 8-2 :5-dimethylpiperazine 
has not the constitution hitherto assigned to it, and must be the 


cis-2: 6-dimethylpiperazine, 
CH(CH,)*CHy wy 


NH<oH(CH:)-CH; 
the conclusion (2) is also drawn that the non-resolution of the 
a-2 :5-dimethylpiperazine indicates that this substance is trans-2 :5- 
dimethylpiperazine. 

Conclusion (1) is based on the following experimental evidence: 
The so-called 8-2:5-dimethylpiperazine cannot be resolved into 
optically active components by means of its salts with optically 
active acids or by means of its condensation products with d-oxy- 
methylenecamphor; as it is scarcely credible that these methods 
should fail to reveal potential optical activity, it would seem 
improbable that the substance is the cis-isomeride of the 2:5-di- 
methyl derivative. In the present paper we increase the evidence 
against the potential optical activity of this B-isomeride by failing 
to resolve its WV-dimethyl derivative, which, if it had the cis-con- 
figuration of the constitution 

CH N(CH,)-CH CH 
> O<CH-N(oH > Cy * 
should, together with the parent secondary base, be resolvable. 

It is, however, conceivable that in spite of E. Fischer’s demon- 
stration of a parallel case amongst the alanyl anhydrides (Ber., 
1906, 39, 467; 1906, 40, 3981), some discrepancy exists between 
theory and experiment, and that the cis-2:5-dimethylpiperazine 
and its V-dimethyl derivative are both potentially inactive, because 
the configuration of both contains an axis of two-fold symmetry 
although it is enantiomorphous. We have, however, prepared the 
monomethiodide of the tertiary base, and have been unable to 
resolve this substance into optically active isomerides; this com- 
pound should have the constitution 


w-CH(CH,):CH 
CH, N<Gu,-CH(CH,7 § (CHaals 


4 
4 
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and the configuration contains two dissimilar asymmetric carbon 
atoms, and possesses neither axes nor a centre of symmetry. The 
molecular configuration is therefore enantiomorphous in a different 
degree from those of the parent secondary or tertiary base, and 
should consequently again be resolvable, whether it possesses the 
cis- or the trans-configuration. 

These facts led us to suspect strongly that the so-called B-2 :5-di- 
methylpiperazine has not the constitution which this name 
indicates. 

If we assume that the failure to resolve the quaternary ammon- 
ium salt named proves the absence of asymmetric carbon atoms in 
the configuration of the compound, and that the preparation of the 
B-secondary base by reduction of a pyrazine derivative proves that 
the two methyl groups are attached to two different carbon atoms 
in the closed ring, the B-base can only be the cis-2: 6-dimethyl- 
piperazine of the constitution 


CH(CH,)-CH 

NH<OM(CH) CH me. 
This constitution, which is suggested by the failure to resolve the 
several compounds named above into optically active components, 
is capable of verification in a quite different manner. The two 
secondary nitrogen atoms in the above molecular constitution are 
different in kind, and each mono-acidic derivative of the base 
should therefore exist in two isomeric forms; we accordingly 
attempted to prepare isomerides of this kind, and were completely 
successful. The supposed f-2:5-dimethylpiperazine yields two 
monobenzoyl derivatives, melting at 117° and 109° respectively, 
and consequently the substance in question must have the constitu- 
tion of the 2:6-dimethylpiperazine given above. 

The preparation of a monobenzoyl derivative of a di-secondary 
base, in which the two tervalent nitrogen atoms exhibit the same 
order of basicity, is known to be difficult; with the B-base in 
question all modifications of the Schotten-Baumann reaction 
yielded the dibenzoyl derivative. The monobenzoyl derivative was 
ultimately obtained by treating the base in acetone solution with 
one molecular proportion of benzoyl chloride; as the latter reagent 
is added, the hydrochloride of the monobenzoyl derivative separates 
from solution, and is thus conserved from the further action of 
the acid chloride. In the present paper it is assumed, for purposes 
of description only and without other adequate ground, that this 
benzoyl group which first enters the molecule attaches itself to the. 
4-nitrogen atom. 

The preparation of the 1-monobenzoy] derivative is less simple. 
In our previous paper we have shown that dimethylpiperazino-d- 
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methylenecamphor results from treating the base with d-oxy- 
methylenecamphor in alcoholic acetic acid solution; we now find 
that on heating d-chloromethylenecamphor and the di-secondary 
base, the monomethylenecamphor derivative, 

>a CH(CH,)*CHN yay pCO 

NES HCH.) OH. CH:C< é Hi, 
separates as its hydrochloride. The resulting methylenecamphor 
derivative can be benzoylated by the Schotten-Baumann reaction ; 
the methylenecamphor radicle can then be eliminated by treatment 
with bromine in the manner previously described (T., 1912, 101, 
2337), and the l-monobenzoyl derivative of the secondary base is 
obtained. 

The two monobenzoy! derivatives thus obtained are, as already 
noted, different substances, and neither is resolvable into optically 
active components; in connexion with their preparation we have 
been able to prepare the isomeric 1-benzoy]-2 : 6-dimethylpiperazino- 
4-d-methylenecamphor and 4 - benzoyl - 2:6 -dimethylpiperazino-1- 
d-methylenecamphor, the different identity of which is made parti- 
cularly evident by the different rotation constants which they 
exhibit. These and other corresponding derivatives described in 
the present paper, in accordance with the conclusion that they are 
derived from the cis-2:6-dimethylpiperazine, have proved non- 
resolvable into optically active components. 

The mono-acidic derivatives of the dimethylpiperazine, in which 
one acidic radicle, 4, has been introduced in the 4-position by the 
new method, are capable of undergoing the Schotten-Baumann 
reaction ; a second acidic radicle, B, can thus be introduced in the 
1-position. We have thus been able to prepare pairs of isomeric 
diacidic derivatives of the parent base, of the constitutions 
4A .1-B and 4-B.1-A; this is again in accordance with the 
constitution now proposed for the base. 

Lastly, we have been able to introduce a d-methylenecamphor 
residue into the molecule of the base in the 4-position and a 
l-methylenecamphor radicle into the 1-position; the product is 
optically active, proving conclusively that the 1- and 4-positions are 
not identically similar. 

The experimental evidence, briefly summarised above and stated 
in detail in the following pages, which indicates that the so-called 
B-2:5-dimethylpiperazine is really the cis-2:6-dimethylpiperazine, 
appears to be convincing. It is, however, difficult to show in what 

manner the latter compound has resulted from the method of 
preparation used. 

Stoehr has described (7. pr. Chem., 1893, [ii], 47, 494; 1897, 55, 
49) several methods for the preparation of the 2:5-dimethyl- 
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pyrazine, which, by reduction, yielded him a-2 :5-dimethylpiperazine 
mixed with a very small proportion of the B-isomeride; he states 
that the parent tertiary base is conveniently obtained by the 
reduction of isonitrosoacetone, and that he was only able to isolate 
the B-reduction product in quantity from the residues obtained on 
working on an industrial scale. It may be suggested that in the 
technical process the 2:5-dimethylpyrazine used is not highly 
purified before reduction to the piperazine derivative, and that it 
contains a small proportion of the isomeric 2:6-dimethylpyrazine ; 
we are not able to settle this point. It should, however, be noted 
that Stoehr and Brandes (J. pr. Chem., 1896, [ii], 54, 492) separated 
a crystalliné base, which they presumed to be 2: 6-dimethylpyrazine, 
from the product of the action of ammonia on dextrose; the reduc- 
tion of this substance may be expected to yield the B-base now 
under discussion. 

The a-2:5-dimethylpiperazine described by Stoehr, which we have 
previously investigated, is, in the present paper, shown to differ 
in behaviour from the f-isomeride; on applying the methods which 
proved successful in the case of the latter substance it was not 
found possible to prepare derivatives containing but one acidic or 
methylenecamphor radicle in the molecule. There is therefore no 
reason to doubt that the constitution of the a-isomeride was 
correctly stated by Stoehr, and, since this substance has not been 
found capable of resolution into optically active antipodes, it appears 
safe to conclude that it is actually trans-2 :5-dimethylpiperazine. 

It is remarkable that the a- and 8-dimethylpiperazines, which we 
now show to be the trans-2:5- and cis-2:6-dimethylpiperazines 
respectively, resemble each other extremely closely in physical 
properties; the melting points, boiling points, and solubility rela- 
tionships are very similar, and, as has been indicated by Stoehr, 
the only certain rapid way to distinguish between them is by means 
of their dibenzoyl derivatives. The dibenzoy] derivative of the 
a-base melts at 225°, and that of the B-base contains a molecule of 
water of crystallisation and melts at 147—148°; it is very note- 
worthy that almost identical crystalline forms are assigned to the 
two by Fock (J. gr. Chem., 1893, [ii], 47, 505; 1897, 55, 61); they 
are monosymmetric, with the following axial ratios: 

a-Dibenzoyl, a:b :¢=2°6233:1:1°6623. B=71°52’. 
B-Dibenzoyl, a:b :c=2°6833:1:1°6013. B=72°17’. 

It is not easy to see how two isomeric substances, one anhydrous 
and the other containing a molecular proportion of water of crystal- 
lisation, can resemble each other so closely in crystalline form. 
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EXPERIMENTAL. 
cis-1 :2:4:6- “men ig avon 


CH(CH,) 
CH; ‘N<GHcH) ‘oH oF, 

The B-base, separated from technical residues, very kindly 
supplied by the Farbenfabriken vorm. F. Bayer & Co., in the 
manner previously described, is finally purified by crystallisation 
from petroleum (b. p. 90—100°) and acetone ; the colourless, trans- 
parent plates obtained in this way melt at 110—111°, and are only 
moderately soluble in hot acetone, which is therefore the most 
convenient solvent to use in the final purification. The dibenzoyl 
derivative prepared from it by the Schotten-Baumann reaction 
after drying at 100°, melts sharply at 153°; there is therefore no 
doubt that the B-base we have used in the present work is identical 
with that of Stoehr. 

The base is methylated in aqueous solution with methyl sulphate 
(three molecular proportions) ; the latter is added gradually together 
with dilute sodium hydroxide in such a manner that the solution is 
always kept cool and slightly alkaline. After warming to complete 
the reaction, solid sodium hydroxide is added when the liquid base 
and solid sodium methyl sulphate separate; the former is caused 
to rise to the surface of the liquid by slight warming, and, after 
removal from the aqueous layer, is dried with potassium hydroxide 
and distilled. The base is obtained as a colourless liquid boiling 
at 163—164°, which possesses a characteristic ammoniacal odour, 
and is practically non-volatile in steam; it is miscible with water 
and most organic solvents, including light petroleum, in all propor- 
tions. 

The platinichloride, CzH,gNo,H,PtCl,,2H,O, crystallises from hot 
water in lustrous, orange needles, which blacken at about 270° and 
decompose profoundly at 275°; it is moderately soluble in hot 
water, and practically insoluble in alcohol and other organic 
solvents : 


0°5816 lost 0°0350 at 100°. H,O=6°02. 
C,H,,N.,H,PtCl,,2H,0 requires H,O=6'12 per cent. 
0°3960, dried at 100°, gave 0°1393 Pt. Pt=35°17. 
C,H,,N,,H,PtCl, requires Pt= 35°35 per cent. 
The picrate forms small, yellow crystals, and is practically 
insoluble in water, alcohol, and acetone, but dissolves in excess of 
base or in dilute ammonia; it decomposes suddenly at about 280°: 


0°1257 gave 0°1864 CO, and 0°0524 H,O. C=40°44; H=4'66. 
C,H,gN2,2C,H,0,N; requires C=40°00; H=4°03 per cent. 
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The above base, practically non-volatile in steam, is the sole 
product of methylation with methyl sulphate under the conditions 
stated above. On treating the parent secondary base with alcoholic 
potassium hydroxide and methyl iodide (two molecular proportions) 
two tertiary bases appear to be produced; one of these is identical 
with that just above described, whilst the other volatilises readily 
in steam. The latter yields a platinichloride, which, like that of the 
previous base, contains two molecular proportions of water of 
crystallisation. The apparent difference between these two products 
has not yet been further studied as it does not affect the main 
question under investigation. 


Attempts to Resolve cis-1:2:4:6-Tetramethylyperazine, 


The base combines with two molecular proportions of d-camphor- 
B-sulphonic acid to yield a single crystalline salt, which melts at 
223°, and forms minute, glistening needles or prisms when crystal- 
lised from a mixture of alcohol and acetone: 

0°1096 gave 0°2221 CO, and 0°0819 H,O. C=55°27; H=8'36. 

C,H,,No,2C,,H,,0°SO,H requires C=55°44; H}=8°25 per cent. 

An aqueous solution of 0°1949 gram, made up to 30 c.c. with 

water at 20°, gave a+0°56° for the mercury-green line, 
whence [a] +21°6° and [M]/2 +65°3°. 

As no appreciable change in the rotatory power of the salt 
occurred on recrystallisation, and as the value obtained is practi- 
cally identical with that for the acidic ion in aqueous solution, it 
is clear that the base cannot be resolved by means of this salt. 


cis-1:2:4:6-Tetramethylpiperazine d-a-Bromocamphor-B- 
sulphonate, CzH,,No,2C,)H,,OBr°SO,H. 


This salt, prepared by evaporating to dryness an aqueous solution 
of the component base and acid, is very soluble in water or alcohol, 
and readily so in warm acetone. It separates from the latter 
solvent in minute, glistening crystals, melting at 175°; the crystals 
retain about 1°5 per cent. of water, which is driven off at 100°, 
and the data given below refer to the salt which has been thus 
rendered anhydrous: 

0°0984 gave 0°1570 CO, and 0°0547 H,O. C=43'47; H=6°21. 

CgHgN2,Co9Hg0,Br,S, requires C=43°97; H=6°33 per cent. 

The rotation constants are not altered by fractional crystallisa- 
tion: 0°1980 gram, made up to 30 c.c. with water, gave Gig green + 
2°57° in a 4-dem, tube at 20°, whence [a] + 97°4° and [M]/2 +3729. 
These results show that the base has not been resolved into optically 
active components by the aid of this salt. 

VOL, CV. Q 
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cis-1 :2:4:6-Tetramethylpiperazine d-a-Bromocamphor- 
n-sulphonate, CgH,,No,2C,»)H,,OBr°SO,H. 


This salt crystallises readily from acetone, in which it is sparingly 
soluble, containing a little alcohol, in fine, colourless needles, melting 
at 249°: 

0°0787 gave 0°1267 CO, and 0°0468 H,O. C=43°91; H=6'65. 

CyH,gNe,CopHgO,Br.S, requires C=43°97; H=6°33 per cent. 

An aqueous solution containing 0°2010 gram of the salt in 30 c.c. 
ZaVe Aug green + 2°36° at 20°, whence [a] +88°1° and [M]/2+336°5°. 
The final separation obtained on fractional crystallisation gave, 
with 0°2089 gram in 30 c.c., a + 2°46° for the same wave-length, 
whence [a] +88°3° and [M]/2 +337°. The molecular rotatory 
powers of the fractionated and unfractionated salt are nearly the 
same, and are practically identical with the value determined for 
the acidic ion; it is therefore concluded that no resolution has 
been effected. 

The anormal d-tartrate of the base dissolves readily in water, and 
is moderately soluble in alcohol, from which solvent it crystallises 
in white, opaque nodules containing about 10 per cent. of water 
of crystallisation, and melting below 100°. The salt, both before 
and after fractional crystallisation, gives the specific rotatory 
power of about [@] sg, green + 20° in aqueous solution; as it was clear 
that no resolution was effected by means of the tartrate the salt 
was not further examined. 

The picrate prepared from the fractionated d-tartrate proved 
inactive in ammonia solution. 


cis-1 :2:4:6-Tetramethylmperazine Monomethiodide, 
C,H,.N,,CH,I. 


On mixing acetone solutions of the tertiary base and excess of 
methyl iodide heat is evolved, and, provided the solution is not 
allowed to become too hot, long, lustrous, colourless needles of the 
methiodide slowly separate; the substance is readily soluble in 
water or alcohol, and moderately so in acetone. It crystallises from 
a mixture of alcohol and ether in small needles melting at 227°, 
and deliquesces in the air; the solutions are neutral in reaction, 
and the salt does not combine with a second equivalent of an 
acid: 

0°2025 precipitated 7°2 c.c. V/10-AgNO,. I=45'1. 
C,H,,N,,CH,I requires I=44°7 per cent. 
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cis-1:2:4:4:6-Pentamethylpiperazonium d-a-Bromocam phor- 
n-sul phonate, C,H,,N,° 8$0,°C,,H,,OBr,1 ‘5H,O. 


This salt is obtained by double decomposition between the above 
methiodide and the silver salt of the optically active acid in 
aqueous solution; it is extremely soluble in water or alcohol, and, 
when crystallised from a mixture of alcohol and acetone, is obtained 
in glistening plates melting at 214°: 

0°1017 * gave 0°1823 CO, and 0°0665 H,O. C=48°89; H=7°32. 

C,H,,N,"SO,°C,,H,,OBr requires C=48°79 ; H=7°55 per cent. 

0°8133 lost 0°0453 at 100°. H,O=5°57. 

C,H,,N,"SO,°C,;9)H,,0Br,1°5H,O requires H,O=5°47 per cent. 

The rotatory power of the salt was not appreciably changed by 
fractional crystallisation ; 0°2020 gram of the anhydrous substance, 
made up to 30 c.c. with water, gave at 20° Grp green +2°00° in a 
4-dem. tube, whence [a] + 74°3° and [M] +347°. No resolution is 
therefore effected with the aid of this compound. 


cis-1:2:4:4:6-Pentamethylpiperazonium d-a-Bromocamphor- 
B-sulphonate, CyH,,No°SO.°C,,H,,0Br. 


This salt, obtained by double decomposition in the same manner 
as the previous onc, is very soluble in water or alcohol, and crystal- 
lises from a mixture of alcohol and acetone in colourless, lustrous 
prisms, melting at 226-—227°; it does not retain water of crystal- 
lisation : 

0°1388 gave 0°2470 CO, and 00918 H,O. C=48°53; H=7°40. 

C,H,,N,"SO,°C,,>H,,OBr requires C=48°79; H=7°55 per cent. 

The salt as first prepared (a) and the final product of its frac- 
tional crystallisation (4) gave the following values for the rotation 
constants with solutions containing 0°2000 gram in 30 c.c. of 
aqueous solution at 20° for the mercury-green ray, 4-dem. tubes 
being used: 


(a) a +2°16°. [a] +81°0°. [M] +378°. 
(b) a +2°18°. [a] +81°8°. [M] + 382°. 
The fact that the molecular rotatory power is not appreciably 
altered by fractionation and is practically identical with that of the 
acid ion, indicates again that resolution has not been effected. 


cis-] :2:4:4:6-Pentamethylpiperazonium d-Camphor-B-sulphonate, 
CyH»,NoSO3°C,9H,,0,H,0. 
The salt prepared by the interaction of aqueous solutions of the 
methiodide and the silver salt of the optically active acid is very 
* Dried at 100°. 
Q 2 


228 POPE AND READ: THE IDENTITY OF THE 


soluble in water or alcohol, and crystallises from hot acetone, in 
which it is moderately soluble, in small, colourless needles, melting 
at 254°: 

0°1214 * gave 0°2609 CO, and 01014 H,O. C=58°61; H=9°35. 

CyH,,N,_°SO,°C,,H,,0 requires C=58°71; H=9°34 per cent. 
0°5160 lost 0°0205 at 100°. H,O=3°97. 
CyH,,N,"SO,°C,,H,,0,H,O requires H,O=4°43 per cent. 

The rotatory power of the salt was unchanged by fractionation, 
and is practically identical with that of the acid ion: 

0°2014 gram, dried at 100°, made up to 30 c.c. with water at 

20°, gave a +0°46° for mercury-green light in a 4-dcem. tube, 
whence [a] +-17°1° and [M] + 66°5°. 

The corresponding d-tartrates, containing one and two equiva- 
lents of the acid to one of the base, were also prepared; they are 
very soluble in water, but practically insoluble in alcohol or acetone, 
and are also very hygroscopic and difficult to obtain crystalline. 
In view of their unpromising character, they were not further 
investigated. 


cis-1:2:4:6-Tetramethylpiperazine Dimethiodide, 


\(CH).N< oH oH oH N(CH) 

The pure cis-1:2:4:6-tetramethylpiperazine boiling at 163—164° 
is heated at 150° in a sealed tube with a little methyl alcohol and 
rather more than two molecular proportions of methyl iodide for 
three hours ; the dark-coloured residue, after evaporation to dryness, 
is dissolved in alcohol and caused to crystallise. On repeated crystal- 
lisation from hot alcohol the dimethiodide is obtained in long, 
colourless needles, which are moderately soluble in the solvent and 
melt at 241—242°. The substance is deliquescent, and practically 
insoluble in acetone or chloroform: 

0°2000 precipitated 9°3 c.c. V/10-AgNO,. I=59°30. 

C,H,sN,,2CH,I requires I=59°63 per cent. 


cis-1:1:2:4:4:6-Hezamethylyiperazonium d-a-Bromocamphor- 
m-sulphonate, C,yH,,N,(SO,°C,,H,,0Br),,H,O. 


The dimethiodide reacts readily in aqueous solution with the 
silver salt of the optically active acid; the new salt is extremely 
soluble in water or alcohol, and insoluble in acetone. It crystallises 
from a mixture of alcohol and acetone in lustrous, colourless 


needles, melting at 287°: 


* Dried at 100°, 
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0°5317 lost 0°0112 at 100°. H,O=2°11. 
C,»>H.,N,(SO3°C,,>H,,0Br),,H,O requires H,O=2°22 per cent. 
0°1344 * gave 0°2252 CO, and 0°0769 H,O. C=45°'70; H=6°40. 
C,)H,,N,(SO,°C,>H,,OBr), requires C=45°43; H=6°62 per cent. 
On fractional crystallisation it was found that all the fractions 
exhibit the same rotatory power; the weights of the first (a) and 
last fractions (6) noted below, dried at 100°, were made up to 
30 c.c. with water at 20°, and the rotatory powers determined for 
mercury-green light in 4-dem. tubes: 
(a) 0°2001 gram: a +2°32°. [a] +87°0°. [M]/2 +344°. 
(6) 01987 ,, a@+2°29°. [a] +8649. [M]/2 + 342°. 
The constancy of the molecular rotation and the fact that it 
approximates closely to that for the acidic ion indicates that the 
salt is a uniform substance. 


cis-1:1:2:4:4:6-Hexzamethylyiperazonium d-a-Bromocamphor- 
B-sulphonate, C,yH.,N,(SO,°C,,>H,,OBr)>. 


This salt, prepared in the same manner as the preceding one, 
separates from a mixture of alcohol and acetone in soft, colourless 
needles, melting at 262°; on heating at 100° it loses less than 
1 per cent. in weight. The following data refer to material dried 
at 100°, and the rotation constants for the first (a) and last (6) 
fractions are stated in the same terms as before: 

0°1107 gave 0°1848 CO, and 0°0676 H,O. C=45°53; H=6°83. 

C,,>H,,N.(SO3°C,)H,,0Br), requires C=45°43; H=6°62 per cent. 
(a) 0°2070 gram: a +2°55°% [a] +92°5°. [M]/2 +366°. 
(bo) 0°2041 ss, @+2°54°. [a] +93°3% [M]/2 +370°. 

No indication of resolution is thus obtained, and the observed 
molecular rotatory power is practically identical with that of the 
acidic ion. 


cis-1:1:2:4:4:6-Hexamethylpiperazonium d-Camphor- 
B-sulphonate, C\gH.,N,(SO3°C,9H,;0).,H,0. 


This salt was prepared by the interaction of the dimethiodide 
and the silver salt of the acid, and is very soluble in water or 
alcohol; it separates in glistening, colourless leaflets or needles on 
adding acetone to its warm alcoholic solution, and melts at 306°: 

0°3566 lost 0°0110 at 100°. H,O=3°09. 

C,)»H,,N,(SO,°C,9H,;0).,H,O requires H,O=2°76 per cent. 
0°1153 * gave 0°2287 CO, and 0°0878 H,O. C=56°46; H=8°52. 

Cio Ha N_(SOz°Ci9H,,0). requires C=56°73; H=8°58 per cent. 

* Dried at 100°. 
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0°2001 gram of the salt, dried at 100°, made up to 30 c.c. with 
water at 20°, gave a +0°56° for mercury-green light in a 
4-dem. tube, whence [a] +21°0° and [M]/2 +66°5°. 

The several fractions had the same rotatory power, so that no 
evidence of resolution is afforded. 

The experimental results described in the previous pages indicate 
that the V-dimethyl derivative of Stoehr’s “ 8-dimethylpiperazine ” 
and the corresponding mono- and di-methiodides, like the original 
secondary base, are irresolvable into optically active components. 


Mono-acidic Derivatives of “ B-Dimethylpiperazine.” 
cis-4-Benzoyl-2 : 6-dimethylmperazine, 


CH(CH,)-CH 
NE< OH (CH}).CH > NCO-C.H,, 

We spent some time in finding a method for the preparation 
of these substances, in view of their importance, and are able to 
describe the following method, which is of general application. 

An acetone solution of benzoyl chloride (1 mol.) is slowly run 
into an acetone solution of the base (1 mol.) with constant stirring ; 
the solution becomes hot, and a white, crystalline solid separates. 
After remaining for an hour the deposit is collected and well washed 
with acetone ; analysis shows it to be the pure hydrochloride of the 
monobenzoyl derivative: 

0°2515 precipitated 10°2 c.c. V/10-AgNO,. Cl=14°36. 

C,;H,,ON,,HCl requires Cl=13°95 per cent. 

The hydrochloride is obtained in theoretical yield, and is readily 
soluble in water or alcohol ; it separates in minute, colourless crystals 
on slowly adding acetone to its alcoholic solution. 

The salt is dissolved in water, rendered alkaline with sodium 
hydroxide, and the solution distilled in steam to drive off any 
unchanged §-base; the residual liquor is then extracted with 
benzene, and the monobenzoyldimethylpiperazine obtained by dis- 
tilling off the benzene. The free base is soluble in water, but is 
deposited from the solution on addition of much sodium hydroxide ; 
it is very soluble in the ordinary organic solvents, with the excep- 
tion of light petroleum. It separates slowly from the cooled 
solutions in hot light petroleum in arborescent growths of colourless, 
fine needles, melting at 117°; the crystals retain about one-half a 
molecular proportion of water of crystallisation, which is driven off 
at 100°: 

0°1000 * gave 0°2629 CO, and 0°0778 H,O. C=71'70; H=8°71. 

C,3H,,ON, requires C=71'51; H=8'32 per cent. 
* Dried at 100°. 
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The base is readily hydrolysed by boiling dilute hydrochloric acid, 
ard benzoic acid crystallises out on cooling; it is noteworthy that 
the corresponding dibenzoyl derivative is stable even towards 
boiling concentrated hydrochloric acid. 

The platinichloride separates from hot water in small, glistening, 
yellow crystals, melting and decomposing at 256°; it is practically 
insoluble in alcohol : 

0°4007 gave 0°0921 Pt. Pt=23°02. 

(C,3H,g30No)o,H,PtCl, requires Pt= 23°05 per cent. 


cis-4-Benzoyl-2 : 6-dimethylmiperazine d-Camphor-B-sulphonate, 
C,H,3N.°CO’C,H;,C,9H,,0° S0,H. 


On evaporating an aqueous solution of equivalent quantities of 
the acid and base to dryness a gummy residue is obtained, which 
slowly becomes crystalline; after‘ well washing with acetone the 
crystalline salt is fractionally crystallised from hot acetone, in 
which it is sparingly soluble. The salt is obtained in fine, colourless 
needles, melting at 197—199°, and is very soluble in water: 

0°1007 gave 0°2260 CO, and 0°0661 H,O. C=61'21; H=7°35. 

C,3H,gON,,C,9H,,0,8 requires C=61'29; H=7'61 per cent. 

The various fractions of the salts proved to be identical; the 
first (a) and last (6) fractions gave the following rotatory powers 
under the conditions previously stated : 

(a) 0°2074 gram: a +0°41° [a] +14°8°. [M] +66°7°. 
(6) 0°2004_,, a+0°40°. [a] +15°0°. [M] +67°4°. 

The molecular rotatory power is practically that of the acidic ion, 

and consequently no resolution has occurred. 


cis-4-Benzoyl-2 :6-dimethylmperazine Hydrogen d-Tartrate, 
C,H,,N.*CO-C,H,,C,H,O,. 


The base and d-tartaric acid in molecular proportions are evapor- 
ated to dryness in aqueous solution with repeated addition of 
alcohol; the gummy residue is dissolved in a little alcohol and 
precipitated as a gum by addition of excess of acetone. On boiling 
the solution the gummy mass becomes crystalline, and is collected ; 
after several crystallisations from boiling alcohol the salt is obtained 
in minute, colourless, glistening crystals, melting at 227—228°: 

0°1462 gave 0°2978 CO, and 0°0846 H,O. C=55°55; H=6°48. 

C,3H,,ON,,C,H,O, requires C=55°40; H=6°57 per cent. 

The salt has a specific rotatory power in aqueous solution for 
mercury-green light of about [a] +12°, and the rotation is not 
changed by fractional crystallisation. The base separated from the 
frequently crystallised salt was optically inactive in alcoholic 
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solution, as was also the base recovered from the gummy residues 
of the salt. 

The normal tartrate could not be obtained crystalline, and the 
two d-bromocamphorsulphonates, although crystalline, were so 
soluble as to be unsuitable for fractional crystallisation. 

On treating the monobenzoyl derivative with benzoyl chloride 
and sodium hydroxide solution it undergoes the Schotten-Baumann 
reaction, and the ordinary dibenzoyl derivative of the B-base is 
formed. 

cis-p-Nitro-4-benzoyl-2 : 6-dimethyl piperazine, 
CH(CH,)°CH, 
NAOH OH) CH N COC NO,. 

The B-dimethylpiperazine reacts with p-nitrobenzoyl chloride in 
acetone solution in the manner just above described, and the hydro- 
chloride of the mono-acidic derivative separates as a crystalline 
powder; the salt is dissolved in warm water, the solution filtered 
and allowed to crystallise, when the hydrochloride is obtained in 
small, opaque, white crystals. It is sparingly soluble in cold water 
and less so in alcohol: 

0°3010 precipitated 10°0 c.c. V/10-AgNO,;. Cl=11°80. 

C,3H,7,0,N;,HCl requires Cl=11°85 per cent. 

The free base is obtained by adding sodium hydroxide solution 
to the hydrochloride and extracting with benzene; it dissolves 
readily in hot water, benzene, alcohol, or acetone, and crystallises 
from a mixture of acetone and light petroleum in small, glistening, 
yellow crystals, which melt at 135—136°: 

0°1211 gave 0°2647 CO, and 0°0686 H,O. C=59°61; H=6°34. 

C,3H,,0;N; requires C=59°28 ; H=6°51 per cent. 

The salts of this base do not crystallise well, and no crystalline 
salts with optically active acids could be obtained. 

When the crude hydrochloride is dissolved in water during its 
purification a slight residue remains undissolved; this consists of 
the corresponding diacidic derivative. The di-p-nitrobenzoyl deriv- 
ative is a very sparingly soluble substance, which crystallises from 
boiling nitrobenzene in minute, yellow needles, melting at 315°; it 
is not produced by aid of the Schotten-Baumann reaction on the 
corresponding mono-substituted acidic derivative. 


cis-p-Bromo-4-b enzoyl-2 : 6-dimethylpiperazine, 
C,H, ;N2° CO *C,H,Br. 


The base and the acid chloride interact in acetone solution in the 
usual way, and the hydrochloride is obtained in a 90 per cent. 
yield as a heavy, white precipitate; on treatment with sodium 
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hydroxide the mono-substituted base results. This substance is 
practically insoluble in water, but dissolves readily in alcohol or 
warm acetone, from which it separates in aggregates of large, 
lustrous, opaque crystals, melting at 126°: 

0°0997 * gave 0°1931 CO, and 0°0557 H,O. C=52°82; H=6°25. 

C,3H,,ON,Br requires C=52°51; H=5°77 per cent. 

The salts with optically active acids proved so soluble that they 
could not be subjected to fractional crystallisation. 

The di-p-bromobenzoyl derivative is not formed during the above 
method of preparation, but is obtained by the Schotten-Baumann 
reaction as a colourless compound, which crystallises from hot 
alcohol in glistening leaflets melting at 215—216°. 

cis-4-A nisoyl-2 :6-dimethylpiperazine is obtained as its hydro- 
chloride in good yield with the aid of anisoyl chloride in acetone 
solution ; the base forms a viscid gum, which crystallises very slowly. 
The d-camphor-B-sulphonate crystallises in small, glistening needles, 
and its molecular rotatory power, [Mp c:cen +62°5° in aqueous 
solution, is not changed by fractional crystallisation. The 
d-a-bromocam phor-n-sulphonate could not be caused to crystallise. 

} 
cis-4-Naphthalene-a-sulphonyl-2 : 6-dimethyl piperazine, , 
C,H, 3N_°S0,°C,,H;. 


Since the experimental results described above indicate that the 
salts of the carboxylic derivatives of ‘“ 8-dimethylpiperazine” with 
optically active acids do not, as a class, crystallise readily, and it 
was desirable to obtain further evidence as to the non-resolvability 
of the mono-substitution derivatives, an attempt was made to 
prepare corresponding derivatives of the aromatic sulphonic acids. 
a-Naphthalenesulphonyl chloride reacts with the B-base in acetone 
solution, and the precipitation of the resulting hydrochloride is 
completed by warming on the water-bath. 

The salt formed is completely soluble in water, and is cleansed by 
washing with acetone; after filtration, it is treated in aqueous 
solution with sodium hydroxide, when the base separates as a gum, 
which rapidly crystallises. On crystallisation from aqueous alcohol 
it is obtained in glistening, colourless prisms, melting at about 100° 
in its water of crystallisation; after drying at 100° the base melts 
at 122—123°. It is readily soluble in the ordinary organic solvents, 
but practically insoluble in water: 

0°1099 gave 0°2486 CO, and 0°0646 H,O. C=61°69; H=6'58. 

0°3474 lost 0°0084 at 100°. H,O=2°42. 

C,gH0.N.8,4H,O requires C=61'29; H=6°76; 
H,O = 2°88 per cent. 
*_ Dried at 100°. 
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The hydrochloride separates in minute, glistening crystals when 
an acetone solution of the base is treated with concentrated hydro- 
chloric acid in the requisite quantity ; it dissolves readily in water: 

0°3006 precipitated 8°9 c.c. V/10-AgNO,. Cl=10°50. 
C,H »O0,N,8,HCl] requires Cl=10°41 per cent. 


cis-4-Naphthalene-a-sulphonyl-2 : 6-dimethylpiperazine d-Cam phor- 
B-sulphonate, C,H 0 ,N.8,C,9H,,0°SO,H. 

Equivalent quantities of the base and acid are mixed with water, 
and sufficient alcohol added to effect solution at the boiling tempera- 
ture; the salt separates on cooling in glistening, colourless needles, 
melting at 256—257°: 

0°1055 gave 0°2240 CO, and 0°0644 H,O. C=57'91; H=6°83. 

C,H 90,N,8,C,,H,,0,8 requires C=58'16; H=6°76 per cent. 

The salt was found to be homogeneous on fractional crystallisa- 
tion from aqueous alcohol, and all the fractions exhibited the same 
rotatory power ; 0°2023 gram, made up to 30 c.c. with water, gave 
Gy, green +0°33° in a 4-dem. tube at 20°, whence [a] +12°2° and 
[M] +65°6°. The rotatory power is not sensibly different from that 
attributable to the acidic ion. The base liberated from the several 
fractions of the salt proved to be optically inactive in alcoholic 
‘ solution. 


i cis-4-Naphthalene-a-sulphonyl-2 : 6-dimethylpiperazine d-a-Bromo- 
cam phor-B-sul pho na te, C,.H»0,N,8,C,,H,,OBr- SO,H. 


This salt is prepared in the same manner as the preceding one, 
and is practically insoluble in water, although freely soluble in 
alcohol or acetone; it crystallises from aqueous alcohol in large, 

; glistening, colourless prisms, melting at 240—241°: 
0°1066 gave 0°1976 CO, and 0°0572 H,O. C=50°55; H=6°00. 
CigH0,N.8,C,9H,,;0,BrS requires C=50°70; H=5°73 per cent. 
The rotatory power of the salt is unaffected by repeated crystal- 
lisation from aqueous alcohol; 0°1022 gram, made up to 30 c.c. 
with water, gave Qy¢creen +0°83° in a 4-dem. tube at 20°, whence 
[a] +60°9° and [M] +375°. Alcoholic solutions of the base liber- 
ated from the various fractions of the salt were found to be 
optically inactive. 


cis-4-Naphthalene-a-sulphonyl-2 :6-dimethylpiperazine d-a-Bromo- 
camphor-n-sul phonate, C,,Hj0,N,8,C,)H,,OBr-SO,H,H,O. 
On evaporating an aqueous alcoholic solution of corresponding 


weights of the acid and base to dryness, a gummy residue is 
obtained, which slowly crystallises; after washing the solid with 
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cold water it is recrystallised from warm aqueous alcohol. The salt 
is thus obtained in fine, soft, colourless needles, which char at 150° 
and begin to melt at about 185°. A slight loss of weight occurs at 
100°, but the whole of the water of crystallisation can only be 
accounted for in the combustion; the salt readily dissolves in 
alcohol or acetone, but is very sparingly soluble in water: 

0°1112 gave 0°2012 CO, and 0°0585 H,O. C=49°35; H=5°89. 

C,H 0,N,8,C,9H,,0,Br8,H,O requires C=49°26; 
H=5'89 per cent. 

The rotatory power is not appreciably altered by fractional 
crystallisation ; 0°1008 gram, made up to 30 c.c. with water, gave 
Oy, green +0°72° in a 4-dem. tube at 20°, whence [a] +53°6° and 
[M] +339°. The base separated from the several fractions proved 
to be optically inactive in alcoholic solution. 


cis-4-d-Cam phor-B-sulphonyl-2 : 6-dimethylpiperazine, 


+—CH(CH,)*CH 
BN RCH CH N'S80r°C,oH,0- 

The exhaustive attempts described above indicate that the 
4-benzoyl and 4-naphthalene-a-sulphonyl derivatives of the parent 
base cannot be resolved into optically active isomerides, and another 
method of effecting the resolution was therefore applied. A 4-acidic 
derivative of the base was prepared, in which the acidic group itself 
was optically active ; the possession of an enantiomorphous molecular 
configuration by the original base should then reveal itself by the 
production of two isomerides, containing the d- and /-forms of the 
base respectively associated with the d-form of the acid radicle 
(compare Kipping and Salway, T., 1904, 85, 438). 

On mixing acetone solutions of equivalent amounts of the base 
and d-camphor-8-sulphony! chloride, reaction occurs, and is com- 
pleted by boiling for a short time; the hydrochloride of the above 
secondary monamine separates as a white, crystalline powder, which 
is completely soluble in water, and is purified by washing with 
acetone. The base is separated from the salt by addition of sodium 
hydroxide to the aqueous solution and extraction with benzene; it 
crystallises from hot aqueous alcohol in large, lustrous, colourless 
needles, melting at 166—167°: 

0°1516 gave 0°3260 CO, and 0°1164 H,O. C=58°65; H=8'59. 

C,gH2,0,N.8 requires C=58°48; H=8°60 per cent. 

The base is readily soluble in alcohol or benzene, but dissolves 
sparingly in water; the rotation constants were determined in alco- 
holic solution with the appended results. In this and the following 
sets of rotatory-power determinations given in the present paper, 


+ taBens . © 


ae 
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the weight of substance was made up to 30 c.c. with the solvent, 
and the measurements made in 4-dem. tubes at 20°: 


0°1535 gram in alcohol. 


Hg, 5461. Hg, 5780. Na, 5893. 
i wainsnaabiaaen +0°73° +0°63° + 0°58° 
DOE nic cacsessce +35°7 +30°8 +28°3 
1 | aE +117°0 +101°0 +92°8 
Hg, 5461/Na, 5893=1°259. Hg, 5780/Na, 5893=1-086. 


The hydrochloride separates in a pure state on adding concen- 
trated hydrochloric acid to the acetone solution of the base, and 
forms minute, white crystals, very soluble in water: 

0°4142 precipitated 11°4 cc. V/10-AgNO;. Cl=9°76. 

C,g¢H,,0,N,8,HCl requires Cl=9°74 per cent. 


0°3106 gram in water. 


Hg, 5461. Hg, 5780. Na, 5893. 

Bi aktaxencades +0°90° +0°75° +0°70° 
Re +217 +18°1 +16°9 
| sa +79°2 +66°0 +61°6 
Hg, §461/Na, 5893 =1°286. Hg, 5780/Na, 5893=1°071. 


The platinichloride separates from water, in which it is sparingly 
soluble, in small, granular, yellow crystals, melting at 264°; it is 
insoluble in alcohol : 

05000 gave 0°0911 Pt. Pt=18°22. 

(CigH.g0;N,8).,H,PtCl, requires Pt=18°29 per cent. 

Although this optically active compound gave every indication of 
being homogeneous, it appeared desirable to ascertain whether it 
is resolvable by crystallisation with the d- and /-a-bromocamphor-z- 
sulphonic acids ; the following salts were therefore examined : 


cis-4-d-Cam phor-B-sul phonyl-2 : 6-dimethyl piperazine 
d-a-Bromocam phor-n-sulphonate. 


The salt was prepared by crystallisation from equivalent amounts 
of the base and acid in hot dilute alcoholic solution ; it is sparingly 
soluble in boiling water, from which it separates in fine, long, 
glistening needles, melting at 277—279°: 

0°1302 gave 0°2324 CO, and 0°0748 H,O. C=4868; H=6°43. 

C,¢H.,0,N,8,C,9H,,0,BrS requires C=48°79; H=6°78 per cent. 


SUPPOSED §-2: 5-DIMETHYLPIPERAZINE. 


0°2071 gram in water. 


Hg, 5461. Hg, 5780. Na, 5893. 
iil Sesciiteesndd +1°82° +1°55° +1°46° 
ie 2. +65°9 +561 +52°9 
i eecosceie +421°0 +359°0 +338°0 
Hg, 5461/Na, 5893 =1°247. Hg, 5780/Na, 5893 =1-062. 


During the fractional crystallisation of this salt a very small 
proportion was separated from the final mother liquors, which was 
very soluble in water and acetone, and melts at 260—264°; analysis 
showed this salt to be isomeric with the main product (C=48'98 ; 
H=6'78 per cent.), but the substance exhibits a molecular rotatory 
power in aqueous solution of only [M]-1, crc, +372°. The quantity 
of this salt obtained was so small that it affords no evidence that 
the base has been resolved; its production indicates rather that 
d-camphor-B-sulphonyl chloride is not a uniform substance. 


cis-4-d-Cam phor-B-sulphonyl-2 : 6-dimethyl piperazine 
1-a-Bromocam phor-n-sulphonate. 

This substance is prepared in the same way as its isomeride, and 
is somewhat more readily soluble in boiling water than is that 
compound ; it crystallises in short, glistening prisms, melting at 
284—285° : 

0°1395 gave 0°2484 CO, and 0°0842 H,O. C=48°56; H=6°75. 

C,,H,,0,N,8,C,>H,,0,BrS requires C=48°79; H=6°78 per cent. 


0°2011 gram in water. 


Hg, 5461. Hg, 5780. Na, 5893. 
i” Sanscsccae —1-09° — 092° — 0°88° 
eee -40°7 -— 34°3 — 32°8 
[M]............° —2600 -219°0 ~210°0 
Hg, 5461/Na, 5893 =1°239. Hg, 5780/Na, 5893 =1-045. 


On endeavouring to trace the quantitative correspondence which 
should exist between the molecular rotatory powers of these two 
salts (dBdA and dB/A), the hydrochloride of the base (dB,HCl) 
and the ammonium salt of the acid (NH;,dA; Pope and Read, T., 
1910, 9'7, 2201), no very close agreement is observed. The calcula- 
tion is summarised in the appended table: 


[M] in water. Hg, 5461. Hg, 5780. Na, 5893. 
dBdA (observed) ..........+. +421°2 +358°7 + 337°8 
dBlA ae) co cezecspabed — 259°7 —219°2 — 209°6 
dl} ion (calculated) ......... +8077 +69°7 +64°1 
aB,HCl (observed) ......... +79°2 +66°6 +61°6 
dA ion (calculated) ......... +340°4 + 288°9 +273°7 


dA,NH, (observed) ......... +346°6 +295°2 +278°7 
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From the final mother liquors obtained during the fractional 
crystallisation of the above salt a small fraction was again separ- 
ated, which differed from the main bulk of the salt; this substance 
melted at 271—274°, had the same composition as the latter 
(C=49'17; H=6°50 per cent.), and gave the molecular rotatory 
power for the mercury-green of [M] — 240° in aqueous solution. 


Isomeric Diacidic-cis-2 : 6-dimethylmperazines, 


The application of the method given above for introducing one 
acidic group into position 4 of the cis-2:6-dimethylpiperazine 
molecule, together with the Schotten-Baumann reaction, by means 
of which two acidic groups may be simultaneously introduced into 
the 4- and 1-positions in the molecule, renders it possible to prepare 
diacidic derivatives in which the two acidic radicies introduced are 
different in constitution or composition. We can also introduce the 
two acidic radicles in the two alternative orders so as to produce 
isomeric diacidic derivatives of the constitutions 1A4B and 1B4A; 
the characterisation of isomerides thus related naturally supports 
our conclusion that the 1- and 4-positions in the molecule of the 
parent base are constitutionally different in environment. On 
applying benzoyl chloride to the cis-4-benzoyl-2 : 6-dimethylpiper- 
azine described above in accordance with the Schotten-Baumann 
reaction, the ‘“ dibenzoyl-8-2:5-dimethylpiperazine” of Stoehr is 
obtained. 


cis-4-Benzoyl-p-nitro-1-b enzoyl-2 : 6-dimethyl piperazine, 


CH,°CH(CH 
CyHy CONCH CHICH >NCOCiH,-NOy. 

On treating cis-4-benzoyl-2:6-dimethylpiperazine with p-nitro- 
benzoyl chloride according to the Schotten-Baumann method, both 
substances being dissolved in acetone before addition of the aqueous 
sodium hydroxide solution, reaction occurs readily in‘the cold; 
after addition of excess of alkali and dilution with much water the 
precipitated diacidic derivative is collected. The product crystal- 
lises from hot alcohol, in which it is freely soluble, in clusters of 
faintly yellow, lustrous needles, melting at 198°; the isomeric 
compound described below is not formed at the same time, and if a 
trace of the latter is mixed with the substance melting at 198° the 
mixture melts very indefinitely from 190° upwards: 

071193 gave 0°2860 CO, and 0°0596 H,O. C=65°38; H=5'59. 

C9H2,0,N, requires C= 65°36; H=5°77 per cent. 
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cis-1-Benzoyl-p-nitro-4-benzoyl-2 : 6-dimethyl piperazine, 


CH(CH,):CH 
C,H,"CO-N H(CH’): on CO-C,H,:NO.. 


This substance is obtained by treating cis-p-nitro-4-benzoy]-2 : 6- 
dimethylpiperazine with benzoyl chloride and sodium hydroxide 
solution; it is somewhat less soluble in hot alcohol than its 
isomeride, and separates as the solution cools in small, yellow, 
crystalline granules, melting at 206—207°. On melting the com- 
pound with a trace of its isomeride the mixture begins to soften 
at 192°, but does not melt completely until 202°; the non-identity 
of the two substances is thus proved by the test devised by Kipping 
and Pope (T., 1893, 63, 557): 

0°1145 gave 0°2762 CO, and 0°0602 H,O. C=65°79; H=5°88. 

CypHs,0,Ng requires C=65°36; H=5°77 per cent. 


cis-4-Benzoyl-p-bromo-1-benzoyl-2 : 6-dimethylmperazine, 


CH,°CH(CH,) 
C,H,*CO- N<oq?. -CH(CH: NON: CO-0,H,Br. 


The compound is obtained by the Schotten-Baumann reaction 
with p-bromobenzoyl chloride on the 4-monobenzoy] derivative of 
the parent base already described; it separates from its hot alco- 
holic solution in long, transparent, colourless prisms, melting at 
185—186°. Addition of asmall quantity of the isomeride described 
below depresses the melting point to about 182°: 

0°1073 gave 0°2375 CO, and 0°0507 H,O. C=60°37; H=5:29. 

C,,H,,0,N,Br requires C=59°85 ; H=5°28 per cent. 


cis-1-Benzoyl-p-bromo-4-benzoyl-2 : 6-dimethyl piperazine, 


CeO w-CH(CH;)* CHW yan. : 
C,H,°CO N<Gu(cu?)-cH-> CO-C,H,:Br. 

The isomeride of the preceding substance is produced by the 
Schotten-Baumann reaction with benzoyl chloride and cis-p-bromo- 
4-benzoy]-2 : 6-dimethylpiperazine; it is more sparingly soluble in 
hot alcohol than the above compound, and crystallises in opaque 
aggregates of colourless leaflets melting at 192—193°. Addition 
of a trace of the isomeride depresses the melting point to about 
182°: 

0°1027 gave 0°2267 CO, and 0°0479 H,O. C=60°:20; H=5°22. 
C.,)H,,O,N,Br requires C=59°85 ; H=5°28 per cent. 


tn. i 


POPE AND READ: THE IDENTITY OF THE 


cis-4-Benzoyl-l-anisoyl-2 : 6-dimethyl piperazine, 


CH,°CH(CH, 

CHOON GH? ‘oH(CH CO-C,H,-0-CH,, 

Anisoy] chloride reacts with the 4-monobenzoy] derivative in the 
presence of aqueous sodium hydroxide to yield the above com- 
pound ; the latter is readily soluble in most organic solvents, and 
cerystallises from aqueous alcohol in fine, glistening needles, melting 
at 140—141°: 

0°1202 gave 0°3162 CO, and 0°0752 H,O. C=71°83; H=7°01. 

C,,H,,0,N, requires C=71°55; H=6'87 per cent. 


cis-1-Benzoyl-4-amisoyl-2 : 6-dimethyl piperazine, 


CoH, CONG GH. cH C0-0,H,-0-CH,. 


This compound is prepared by the action of benzoyl chloride on 
cis-4-anisoyl-2 :6-dimethylpiperazine and sodium hydroxide; it is 
more easily soluble than its isomeride, and separates as a soft, 
opaque crust of crystals from its aqueous alcoholic solution. It 
melts not quite sharply at 87—91°: 

0°1002 gave 0°2636 CO, and 0°0623 H,O. C=71'75; H=6°96. 

C,,H,0,N, requires C=71°55; H=6°87 per cent. 

The preparation of the above three pairs of isomeric diacidic 
derivatives of “ 8-dimethylpiperazine” proves the dissimilarity of 
the 1- and 4-positions in the molecule. 


cis-4-Benzoyl-1-d-methylenecam phor-2 : 6-dimethylyperazine, 


,-CH,°CH(CH,) Co 
C,H,"Co-) Non CH(CH CH: a oh 

Since we have been able to prepare cis-4-benzoyl]-2 : 6-dimethy]- 
piperazine it should be possible to obtain from it a monomethylene- 
camphor derivative by the same process which we have applied in 
making the dimethylenecamphor derivative of the parent diamine 
(T., 1912, 101, 2334). cis-4-Benzoyl-2:6-dimethylpiperazine, dis- 
solved in 30 per cent. acetic acid, is treated in the manner previ- 
ously described with one molecular proportion of d-oxymethylene- 
camphor dissolved in ethyl alcohol; after warming for a short time 
the solution is diluted with water and extracted with benzene. 
After extracting the benzene solution once with dilute hydrochloric 
acid and several times with dilute sodium hydroxide solution it is 
evaporated, and the solid residue crystallised from a mixture of 
acetone and light petroleum. The new compound is then obtained 
in small, glistening leaflets, melting at 165—166°: 
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0°1164 gave 0°3260 CO, and 0°0950 H,O. C=76°38; H=9°13. 
C,,H3,0.N, requires C=75°73 ; H=8'48 per cent. 


0°1020 gram in alcohol. 


Hg, 5461. Hg, 5780. Na, 5893. 
me slits! = +5°64° +4°79° +4°54° 
EN +415°0 +352°0 +3340 
ae +15760 +1338°0 + 1268°0 

Hg, 5461/Na, 5893 =1°242. Hg, 5780/Na, 5893 =1:055. 


The constants are unaltered by fractional crystallisation, so that 
the compound is evidently homogeneous. The substance is readily 
hydrolysed by hot concentrated hydrochloric acid in the usual 
manner, and on treatment with bromine in alcoholic solution yields 
the hydrobromide of the parent 4-benzoyl derivative; the base 
recovered from the hydrobromide melts as before at 117°, and is 
optically inactive in alcoholic solution. 


cis-4-d-Methylenecamphor-2 : 6-dimethylmperazine, 
-CH(OH,) CHA, py GU 
FNS u(CH,)-CH, CH:C< b Hi,” 

It appeared desirable to attempt the preparation of this com- 
pound by a method similar in kind to that used in making the 
corresponding 4-acidic derivatives ; the methylenecamphor derivative 
should yield a monobenzoyl derivative isomeric with the compound 
just described, and, since both must be optically active, a further 
confirmation of the difference between the 1- and the 4-position in 
the parent diamine should be furnished by observation of differ- 
ences between the optical properties of the two isomerides. 

On warming together equimolecular proportions of d-chloro- 
methylenecamphor (Bishop, Claisen, and Sinclair, Annalen, 1894, 
281, 361), B-dimethylpiperazine, and a small quantity of acetone 
on the water-bath, the mixture soon becomes crystalline; when the 
product is dissolved in boiling alcohol, and acetone added after 
concentrating the solution, the hydrochloride of the new secondary 
base quickly separates in small, colourless crystals. After separat- 
ing the salt it is dissolved in water and sodium hydroxide added ; 
the base is extracted with benzene, and the benzene solution evapor- 
ated after washing with water to remove any unchanged diamine. 

The compound is very soluble in most organic solvents, but 
practically insoluble in water; it crystallises from light petroleum 
in very lustrous, glistening, colourless plates, melting at 71°, which 
contain water of crystallisation. After drying at 100° the anhydrous 
substance melts at 65—66°: 
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0°2551 lost 0°0198 at 100°. H,O=7°76. 
0°1071 gave 0°2726 CO, and 0°1004 H,O. C=69°42; H=10°49. 
C,,H,,ON,,H,O requires C=69°33; H=10°28; H,O=6'12 per cent. 


0°1576 gram in alcohol. 


Hg, 5461. Hg, 5780. Na, 5893. 
it  Rdedeacines +10°86° +9°18° +8°68° 
Ee +517°0 + 437°0 +4130 
|) err +1519°0 +1284°0 +1215°0 

Hg, 5461/Na, 5893=1°251. Hg, 5780/Na, 5893=1:058. 


: The hydrochloride, C,,H,,ON,,HCl, separates in fine, colourless 
; needles when acetone solutions of hydrogen chloride and the base 
are mixed iu equivalent quantities; it is very soluble in water, 
and is hydrolysed by addition of excess of hydrochloric acid, the 
cis-2:6-dimethylpiperazine hydrochloride produced being optically 
inactive : 
0°4038 precipitated 13°0 c.c. V/10-AgNO,. Cl=11°42, 
C,,H,,0N,,HCl requires Cl=11°34 per cent. 


0°2029 gram in water. 


Hg, 5461. Hg, 5780. Na, 5893. 
OO  srseadecsess +11°75° +9°9"° +9°30° 
ener + 434°0 + 366°0 +344°0 
 ccsdvieiases +1357°0 +1144°0 +1074°0 
Hg, 5461/Na, 5893 =1°263. Hg, 5780/Na, 5893=1 065. 


. The solution in water exhibits slight mutarotation, and the 
| values give above were obtained one hour after the solution had 
been made up; the value of a;.,,; +11°75° fell to +11°25° in forty- 
two hours, and after three days rose to a constant value of + 11°33°. 
The sensitiveness of the base towards acid made it impossible to 
, prepare the platinichloride; when an aqueous solution of the pure 
hydrochloride is boiled, d-oxymethylenecamphor sepadrates, The 
monomethylenecamphor derivative is therefore much more readily 


hydrolysed than are the corresponding dimethylenecamphor deriv- 
: atives (T., 1912, 101, 2336). 
cis-1-Benzoyl-4-d-methylenecam phor-2 : 6-dimethylpiperazine, 
4 . CH(CH,)-CH, ~_-CU 
C,H,*CO'N s 2 >N°CH:C< J ‘ 

q aiing ScH(CH,)-cH.” Sou, 

The hydrochloride of the previously described secondary base 
i reacts readily with benzoyl chloride in accordance with the 


Schotten-Baumann reaction ; care must be taken to keep the solution 
alkaline, as otherwise hydrolysis occurs, and d-methylenecamphor 
benzoate and cis-dibenzoyl-2:6-dimethylpiperazine are produced. 
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When about 50 per cent. excess of benzoyl chloride is added in 

portions to the alkaline mixture, excellent yields are obtained. The 

new derivative which separates is readily soluble in alcohol, and 

cerystallises from dilute alcohol in colourless, glistening plates 

melting at 202—203°: 

0°1183 gave 0°3293 CO, and 0°0881 H,O. C=75'92; H=8°33. 
C,H3,0,N, requires C=75'73; H=8:48 per cent. 


0°1066 gram in alcohol. 


Hg, 5461. Hg, 5780. Na, 5893. 
D cer sicisanns +5°52° + 4°67° +4°45° 
/ eee +388°0 +327°0 + 313°0 
in tg +1476°0 +1254°0 +1190°0 
Hg, 5461/Na, 5893 =1°240. Hg, 5780/Na, 5893=1°049. 


On boiling with dilute hydrochloric acid the substance readily 
hydrolyses, yielding the 1-monobenzoy! derivative described below 
and d-oxymethylenecamphor. 


cis-1-Benzoyl-2 : 6-dimethyl piperazine, 


CH(CH,)-Cu.n .. 
C,H;CON<Gy ‘ony. CH’ 2>NI. 

On titrating the warm alcoholic solution of the previously 
described substance with bromine, evaporating, and shaking the 
residue with benzene and water, the hydrobromide of the new 
secondary base is found in the aqueous solution; after rendering 
the latter alkaline and extracting with benzene, the base is obtained 
in theoretical yield as a crystalline mass on evaporating off the 
solvent. The base is conveniently crystallised from hot light 
petroleum, in which it is readily soluble, and is obtained in hard, 
colourless, glistening prisms, melting at 109—110°. The substance 
retains about 2°3 per cent. of water of crystallisation, which is 
driven off at 100°, after crystallisation from petroleum ; the analysis 
was made with the anhydrous material : 

0°1100 gave 0°2877 CO, and 0°0812 H,O. C=71°33; H=8°26. 

C,3H,,ON, requires C=71°51; H=8°32 per cent. 

It will be seen that this substance is quite different in properties 
from the isomeric 4-benzoyl derivative; it has a lower melting 
point, and is much more soluble than the latter compound. Further 
confirmation is thus obtained of the difference between the 1- and 
4-positions in the molecule of the parent base. 

It seemed desirable to attempt the resolution into optically active 
components of the 1-benzoyl derivative in the same manner as was 
done with the isomeride. 
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cis-1-Benzoyl-2 : 6-dimethylpiperazine d-Camphor-B-suiphonate, 
C,3;H,,ON,,C,)H,,0°SO,H. 


On evaporating an aqueous solution of the component base and 
acid a gummy residue is obtained, which crystallises on keeping ; 
the salt is extremely soluble in water or alcohol, but dissolves less 
readily in dry acetone. By fractional crystallisation from acetone 
a number of identical fractions are obtained, consisting of small, 
glistening crystals, melting at 165°; the several fractions gave the 
molecular rotatory power [M] y, gece, + 67°4° in aqueous solution : 

0°1026 gave 0°2293 CO, and 0°0693 H,O. C=60°95; H=7°56. 

C,;H,;,ON.,C,9H,,0,8 requires C=61'29; H=7°61 per cent. 


cis-1-Benzoyl-2 : 6-dimethylpiperazine d-a-Bromocam phor- 
B-sulphonate, C,3H,gON>,C;9>H,,OBr-SO,H. 


This salt crystallises readily on evaporation of the aqueous 
solution of the component acid and base; it separates from a 
mixture of acetone and alcohol in soft, minute needles, melting at 
209°, and is shown to be homogeneous by fractional crystallisation 
from the mixed solvent. All the fractions exhibit approximately 
the same molecular rotatory power of [M] perc, +382° in dilute 
aqueous solution: 

0°1031 gave 0°1979 CO, and 0°0595 H,O. C=52°35; H=6°46. 

C,3H,;,0N,,C,9H,;0,BrS requires C=52°15; H=6°28 per cent. 

It is thus not possible to resolve the base by crystallisation with 
the two optically active sulphonic acids. , 


cis-4-d-1-1-Dimethylenecam phor-2 : 6- sa cM 
rH CH,°CH(CH,) 
‘414 , 

(4) bg POOH N< ogy oH(CH,) SN _— oct 


The cis-4-d-methylenecamphor - 2 : 6-dimethylpiperazine hydro- 
chloride described above is dissolved in water, and the equivalent 
quantity of sodium hydroxide solution added; after acidifying with 
dilute acetic acid one molecular proportion of J-oxymethylene- 
camphor is added in alcoholic solution. After warming on the 
water-bath the mixture is diluted with water and extracted with 
benzene; the benzene solution is extracted once with dilute hydro- 
chleric acid and several times with dilute sodium hydroxide solu- 
tion, and then evaporated to dryness. The crystalline residue is 
readily soluble in most organic solvents, and separates from aqueous 
alcohol in fine, glistening scales, melting at 259—260°; fractional 
crystallisation showed it to be a homogeneous substance: 
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0°1068 gave 0°2990 CO, and 0°0904 H,O. C=76°35; H=9°47. 
C,3H ON, requires C=76°64; H=9°66 per cent. 


0°2020 gram in alcohol. 


Hg, 5461. Hg, 5780. Na, 5893. 
re +2°18° +1°84° +1°74° 
eee +81°0 +68°3 +64°6 
{Se +355°0 +299°0 + 283°0 

Hg, 5461/Na, 5893 =1°253. Hg, 5780/Na, 5893=1:057. 


The fact that this substance, although centaining d- ana 
l-camphor residues in equal amount, is strongly optically active, 
furnishes a strong proof that the 1- and 4-positions in the molecule 
of the parent base are not identically similar. It is interesting to 
note that the d-camphor residue, which is apparently present in 
the lighter end of the molecule, exercises a much greater optical 
effect than does the /-camphor residue, the di-derivative being very 
strongly dextrorotatory. We have previously described the isomeric 
compound, in which two d-camphor residues are present (T., 1912, 


101, 2335). 


cis-1 :4-Dinaphthalene-a-sulphonyl-2 : 6-dimethylpiperazine, 
CeHj:No(SOg°C,)H)o. 


This substance was prepared by the Schotten-Baumann reaction 
for comparison with the isomeride formed from the trans-2:5-di- 
methylpiperazine as described below. It crystallises from aqueous 
alcohol in minute, colourless needles, melting at about 97° in their 
water of crystallisation; after drying at 100° the substance melts 
at 117—118°: 

0°4112 lost 0°0224 at 100°. H,O=5°45. 

0°1165 gave 0°2556 CO, and 0°0720 H,O. C=59°84; H=6°94. 

C,H .0,N,8,,1°5H,O requires C=59°85; H=5°61; 
H,0=5°'18 per cent. 


Preparation of d-Chloromethylenecamphor. 


d-Chloromethylenecamphor was first prepared by Bishop, Claisen, 
and Sinclair (Annalen, 1894, 281, 361) by treating d-oxymethylene- 
camphor with phosphorus trichloride; as these authors remarked, 
the yield is small because of the production of considerable quanti- 
ties of a phosphorus ester of methylenecamphor. We find that this 
disadvantage may be avoided by preparing the substance with the 
aid of phosphorus pentachloride. d-Oxymethylenecamphor is 
ground in a mortar with an equal weight of phosphorus penta- 
chloride ; when the evolution of hydrogen chloride has ceased and 
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the whole mass has become liquid, the product is poured into 
crushed ice. The chloro-derivative is then extracted with ether, 
and its subsequent purification effected in the manner described 
by Claisen and his pupils; the yield is very satisfactory. 


trans-2 :5-Dimethyl piperazine. 


For the reasons detailed in the early pages of this paper we 
now regard the a-2:5-dimethylpiperazine of Stoehr as the trans- 
2:5-dimethylpiperazine; in the molecule the two nitrogen atoms 
occupying the 1- and 4-positions are constitutionally similar in 
environment. It was consequently of interest to attempt the 
preparation of the monoacidic derivatives of the trans-2:5-base in 
the same manner as we have effected that of the corresponding 
derivatives of the cis-2:6-isomeride; the methods applicable to 
the latter case, however, fail completely in the former one. 

On treating trans-2:5-dimethylpiperazine, melting at 115—116°, 
with benzoyl chloride in acetone solution under the conditions 
described above, a copious precipitate results; part of this dissolves 
in water and is the hydrochloride of the diamine, whilst the 
remainder proves to be the dibenzoyl derivative melting at 226°. 
Several modified methods of applying the reagent were adopted, 
but always with the same results as just mentioned. 

On applying a-naphthalenesulphonyl chloride to the trans-2:5- 
base under similar conditions a mixture of the hydrochloride of 
the original base with trans-1 :4-dinaphthalene-a-sulphonyl-2 :5- 
dimethyl piperazine is obtained; the new derivative is sparingly 
soluble in the ordinary organic solvents, and separates from chloro- 
form in minute, colourless needles, melting at. 269—270°: 

0°1083 gave 0°2512 CO, and 0°0591 H,O. C=63:27; H=6:11. 

CogHog0,N.8, requires C=63°11; H=5°30 per cent. 

Similarly, on treating the trans-2:5-base with d-chloromethylene- 
camphor in the manner which, with the cis-2 : 6-isomeride, yields the 
monomethylenecamphor derivative, only the hydrochloride of 
unchanged base can be isolated, together with the dimethylene- 
camphor derivative previously described. 

It is thus clear that the methods by aid of which the 4-mono- 
substituted acidic derivatives of cis-2:6-dimethylpiperazine can be 
prepared fail when applied to the trans-2:5-base; it is suggested 
that this is due to the similarity of the 1- and 4-positions in the 
constitutiona! formula of the latter substance. 


THE CHEMICAL LABORATORY, 
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XXVII.—The Relation of Uranous Salts to Thorium. 


By ALEXANDER FLECK. 


In the beginning of 1913 the law governing the evolution of the 
radio-elements through the periodic table was formulated, and it 
was then shown that when an element gave off an a-ray, the number 
of the group of the periodic system to which the resulting product 
belonged was diminished by two units, and that when an element 
gave off a B-ray the number of the group was increased by one 
unit. It was further shown that when any number of radioactive 
elements occupied one place of the periodic table these elements 
were non-separable from one another (Russell, Chem. News, 1913, 
107, 49; Fajans, Physikal. Zeitsch., 1913, 14, 131; Ber., 1913, 
47, 422; Soddy, Chem. News, 1913, 107, 97; Jahrb. Radioaktiv. 
Elektronik., 1913, 10, 188). Thus mesothorium-l1 gives off two 
B-particles and then one a-particle to become thorium-X. These 
two substances cannot be separated from one another once they 
have been mixed together in solution, although they have a different 
atomic weight. Such non-separable elements have been termed 
“isotopic elements” or “isotopes” (Soddy, Nature, 1913, 92, 399). 

So far as radioactive changes show, the successive places between 
thallium and uranium correspond with unit difference of charge 
in the atomic constitution, as has been proposed generally for the 
whole table by Van der Broek (Nature, 1913, 92, 372), and 
recently verified for the elements calcium to zinc by the experiments 
of Moseley (Phil. Mag., 1913, [vi], 26, 1024). The point here 
experimentally tested was whether the change of atomic charge 
in ordinary electrochemical change of valency in one element would 
produce changes of chemical character indistinguishable from those 
observed in radioactive changes. The oxidation of quadrivalent 
uranium (uranous compounds) to sexavalent uranium (uranyl 
compounds) may be regarded as a process in which the uranium 
atom loses two electrons, and it is analogous to the process in which 
uranium-X, isotopic with thorium, loses two f-particles, and forms 
uranium-2, isotopic with uranium. The point examined was there- 
fore whether uranous salts, so long as their valency is not allowed 
to change, would prove to be non-separable from thorium-salts. 
If so, it might reasonably be concluded that the electrons concerned 
in the two cases came from the same part of the atom, the outer 
shell rather than the central nucleus on Rutherford’s theory. 

When the literature concerning thorium and uranous compounds 
was examined, it was seen that, apart from their differences of 
colour, both possessed chemical properties very much alike. There 
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did not appear to be any reaction in which it was definitely proved 
that thorium could be completely separated from uranous com- 
pounds by one operation. It was therefore decided to try some of 
these reactions which precipitated thorium and uranous com- 
pounds in a fractional manner, and then to examine the relative 
proportions of uranium and thorium in the various precipitates. If 
thorium and uranous salts are chemically non-separable, then the 
ratio of the quantity of thorium to the quantity of uranium will 
be constant throughout one experiment. This ratio will, of course, 
not be affected by estimating the uranium in the uranyl condition. 

Uranous compounds are easily oxidised to uranyl compounds if 
allowed to come into contact with the air. It was therefore 
essential that the various precipitates should be collected, and the 
filtrate again treated with a further quantity of the reagent 
without permitting the entrance of air into the mixture of thorium 
and uranium in the lower state of oxidation. 

The principle employed in operating an apparatus for this purpose 
was to use differences of gas pressure to move the liquid, either 
clear or holding a precipitate in suspension, from a vessel into the 
filter pump and back again to the vessel. In the case of the first 
apparatus that was constructed, the air was exhausted by means 
of a water-pump, and any gas required to give a difference of 
pressure to force the liquid from the reaction vessel or back again 
into it was obtained from a Kipp’s carbon dioxide apparatus. The 
liquid was thus during the progress of the experiment at a pressure 
of only a few centimetres of mercury. This first apparatus was 
open to the objection that through any small leak air would travel 
inwards and come into contact with the mixture of thorium and 
uranous salts. Two reactions were used with this apparatus, 
namely, the fractional precipitation of a mixture of thorium and 
uranous salts, (1) by gradually decomposing by boiling the excess 
of ammonium carbcnate holding these salts in solution, and (2) by 
the addition of successive small quantities of oxalic acid to an 
acid solution of the mixed salts. In both of these experiments the 
precipitates were treated with nitric acid and the uranous salts 
thus oxidised to the uranyl condition before the quantities of 
thorium and uranium were estimated by the usual well-known 
gravimetrical methods. In the first case it was found that uranous 
carbonate is more insoluble than thorium carbonate, that is, the 
first fractions that were precipitated contained more uranium than 
the latter fractions. In the oxalic acid experiment the contrary 
was found to be the case, and it was seen that uranous oxalate was 
more soluble than thorium oxalate. 

In both of these experiments it was noticed that after no further 
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precipitates were obtained the solution that remained possessed the 
characteristic green coloration of uranyl compounds. The reactions 
were carried out in a partial vacuum at a temperature approaching 
100°, and there were present large amounts of compounds con- 
taining oxygen. Under these conditions these compounds might 
very readily be reduced, oxidising some of the uranous salts in the 
process. This oxidation process will be continuous during the 
progress of the experiment, and consequently, even if thorium and 
uranous salts are chemically identical, the ratios of the quantities 
of the two elements will vary in different precipitates. Neither 
of these two experiments can therefore be regarded as conclusive 
that thorium and uranous ions have different chemical properties. 
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In order to overcome the objections mentioned above to those 
experiments, it was decided to precipitate fractionally a mixture 
of thorium and uranous salts in the cold, and so decrease the 
readiness with which oxidation would take place. For this purpose 
a cold solution of potassium fluoride was used as the precipitant. 
The experiment was also conducted in an apparatus free from air 
and containing carbon dioxide at a pressure greater than atmo- 
spheric. In this way, if there was any leak in the apparatus, gas 
would force its passage outwards, allowing no air to come in. The 
apparatus shown in the figure was constructed. Excess of pressure 
is obtained from a carbon dioxide cylinder, and a safety valve is 
formed by dipping the long limb of a T-tube below four feet of 
water. By means of a three-way tap a pressure can be applied 
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to the liquid in the tap funnel to force it into the reaction vessel A, 
or to the liquid in the reaction vessel to force it into the filter 
pump. By exerting a pressure on the liquid in A, and opening 
the taps M and JM, the liquid is forced into the Biichner funnel, 
and passes into B in a clear condition. The taps M and W are 
closed, and the three-way taps at A turned so that pressure is 
exerted on the liquid in B. The tap F# is opened in the proper 
direction, and the liquid in B flows back into the vessel A, where 
it can be subjected to a further treatment with the reagent. A 
wooden collar is used to clamp the ground glass to the top of the 
filter funnel. The mixture of uranium and thorium salts is placed 
in A and reduced there by means of pure zine and sulphuric acid, 
a considerable evolution of hydrogen being maintained for one to 
one and a-half hours. The reduced liquid is then forced into B, 
and excess of sulphuric acid added to the vessel A. When all the 
zinc is dissolved, the tube entering the filter funnel is momentarily 
disconnected, and the zinc sulphate solution blown out. This tube 
is then replaced, and the reduced solutions forced back into the 
vessel A by applying a pressure on to the top of the liquid in B. 
Small quantities of the precipitant are forced into this vessel from 
the tap funnel, the liquid being filtered between the addition of 
each quantity of the reagent. After the liquid is filtered it is 
forced back into the vessel A, and all the taps closed before the 
cover of the filter funnel is lifted to take out and to replace the 
filter paper. In this way, by using a cold solution of potassium 
fluoride, a number of successive fractions—usually five—of a 
mixture of thorium and uranous fluorides was obtained. Thorium 
fluoride is a very insoluble substance, and it-was found that con- 
centrated nitric acid had no effect, and that sometimes even a large 
excess of aqua regia failed to dissolve completely the uranium when 
an attempt was made to convert the uranous fluoride into a 
sexavalent condition. The method that was subsequently adopted 
to obtain both the thorium and uranous fluorides in solution was 
to treat the precipitate with concentrated ammonium carbonate 
solution and a few c.c. of 10 per cent. solution of hydrogen 
peroxide. On warming the solution the whole of the mixed pre- 
cipitates was dissolved. The quantities of thorium and uranium 
could then be estimated in the usual way. The result of one 
experiment is as follows: 
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Potassium Fluoride Experiment. 


Number of Weight of Weight of Ratio of 
precipitate. uranium oxide. thorium oxide. U,0,/ThO,. 
1 0°0201 0°1230 0°1634 
2 0°1242 0°6857 0°181 
3 02841 1°0392 0 274 
4 0°4586 0°2744 1°67 
5 1°1501 0°1417 8°12 


At the conclusion of this experiment the solution which remained 
in the flask was quite colourless, showing that no oxidation had 
gone on during the progress of the experiment. None of the 
objections that were raised to the former experiments could there- 
fore be applied to this one. 

It is quite evident that although the properties of the uranous 
and thorium ions are similar, yet there is a distinct difference, and 
that they can be separated chemically from one another. This i 
means, then, that there is an essential difference between the loss 
of two electrons by means of electrochemical change and the loss 
of two electrons expelled as two successive B-rays. The theoretical 
considerations involved have been discussed by Soddy in a letter 
to Nature (1913, 92, 399) on “Intra-atomic Charge,” and all 
that requires to be said here is that so far as these experiments 
are concerned one must definitely regard the electrons expelled in 
B-ray changes as coming from the central nucleus of the atom, on 
Rutherford’s theory, and not from its external ring. The electrons 
of the external ring can either give up or receive other electrons 
from the exterior as in ordinary electrochemical change of valency. 
There are electrons in the nucleus, but in chemical changes there 
is no transference of them to the outer ring. 
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I desire to thank Mr. Soddy for suggesting this research, and 
for his advice in connexion with it 
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XXVIII.—Fluorone Derivatives. Part Il. Resorcinol- 
benzein. 


By Frank Grorce Pope. 


RESORCINOL-BENZEIN is the name which was originally given by 
Doebner to the compound he obtained by the condensation of 
resorcinol with benzotrichloride, when the reacting components were 
heated together for some hours at 180—190° (Annalen, 1883, 217, 
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234). The empirical formula C,,H,,O, was assigned to the benzein, 
and the reaction was considered to take place in the following 
manner : 
C,H;Cl, + 2C,H,O0, = 2HCl + C,,H,,0,Cl, 
the intermediste chloro-derivative so formed being expected to 
yield, by exchange of its chlorine atom for a hydroxyl group, a 
tetrahydroxytriphenylcarbinol : 
C,)H,,0,Cl + HOH = HCl + C,9H,,0;. 
Apparently, however, anhydride formation takes place, and 
resorcinol-benzein is produced : 
2C,9H,,0,Cl + H,O = 2HC! + C3,H 4,05, 
and Doebner considers that structurally it may be represented by 
the expanded formula: 
[CsH;(OH),-C(OH)(C,H;)-C;H;(OH)|,0. 

The benzein was described as crystallising from a mixture of 
alcohol and glacial acetic acid in large crystals, exhibiting a violet- 
red reflex. They remained unaffected when heated to 100°, but on 
raising the temperature to 130°, two molecules of water were lost, 
and analysis of the residual compound pointed to the composition 
Cs3H,,0;. No definite results were obtained either on acetylation 
or bromination. 

Somewhat later, Cohn (Ber., 1891, 24, 2064; J. pr. Chem., 1893, 
[ii], 48, 387) obtained the same compound by the condensation of 
benzoic acid with resorcinol in the presence of zinc chloride, and 
stated that it formed an unstable compound with hydrochloric 
acid, and yielded with bromine a series of different bromo- 
derivatives, according to the amount of halogen employed and 
the temperature at which the reaction was carried out. 

Here the matter rested for some time, until Kehrmann (Ber., 
1908, 41, 3442; 1909, 42, 873) pointed out that resorcinol-benzein 
was probably identical with the 3-hydroxy-9-phenylfluorone that he 
had obtained from the product of the action of benzotrichloride on 
acetyl-m.aminophenol in nitrobenzene solution. In confirmation 
of this idea he prepared the benzein by Doebner’s méthod, and 
working with a highly purified product showed that its molecular 
weight agreed with that of 3-hydroxy-9-phenylfluorone (C,)H,,0,), 
and that on methylation with methyl sulphate, the methyl ether 
of the fluorone was obtained. Pope and Howard (T., 1910, 97, 
1025) also drew attention to the fact that the benzein might be 
considered as identical with Kehrmann’s 3-hydroxy-9-pheny]l- 
fluorone. 

H. v. Liebig (J. pr. Chem., 1908, [ii], 78, 534) has, however, 
objected to Kehrmann’s views, and supports the older Doebner 
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view, considering that in the preparation of the benzein from 
benzoic acid and resorcinol, benzoic anhydride may be used in 
place of the acid, the reaction then proceeding: 

0,H,c0 H,{C,H,(OH),], _ CoHs"C2(CpHy"OH),0 

CH CO7? + HIG HOH), i ay 
8 242 0, H,*C:(C,H,"OH),O 


the compound thus obtained being Doebner’s C,,H,,0,, Numerous 
fresh derivatives of the benzein were described, amongst others 
being an anhydro-compound, C,,H;,0,;,C,H;-OH, formed by the 
action of ammonia on the benzein, a second anhydro-compound, 
C75H;4014,CH,°CO,H, obtained by heating the benzein with glacial 
acetic acid, a barium salt, C,,H,.0,.Ba,, a hydrochloride, 
C15H5y0j.,4HCl, a compound, C.,H.O0, (m. p. 147°), formed by 
fusion of the benzein with an alkali hydroxide, an acetyl derivative, 
C,)H,,0(0-CO-CH;),,C,H;;OH, and a second acetyl compound, 
C33;H»,03,(0°CO-CHs),, prepared when the acetylation was carried 
out in the presence of zinc dust. 

In 1912 v. Liebig (J. pr. Chem., 1912, [ii], 85, 97, 241) published 
two further communications dealing with the benzein, in which 
no reference is made to the two different anhydro-compounds 
obtained previously. Using the Doebner method of synthesis, he 
concludes that the reaction mixture contains  a-resorcinol- 
benzein, C,,H,,03, B-resorcinol-benzein, (C,)Hj,O.),,C,H,-OH, and 
y-resorcinol-benzein, (C,)H,.03),,H,O,C,H;-OH, and the dihydroxy- 
benzophenone compound of the y-benzein, of the composition 
(Cj9Hj203),H20,C,3H 1,03. 

The a-compound is considered as identical with Kehrmann’s 
3-hydroxy-9-phenylfluorone, whilst the 8- and y-benzeins are formu- 
lated respectively as: 

OH OH 
O 0 O O 0 
P wo YYY YY YY 
VY YY NYY 


A 
Ph OEt 
ry OH 
¥. no YA AW “Now no AAA on 


~ Yo VA, fo Wyn AA) 
o) CPh OPh 


Using the Cohn method of synthesis, a 5-benzein, (C\gH,,03,H,O),, 
is also described, whilst the compound C,H,,O) (m. p. 147°), 
mentioned in the earlier paper, is now recognised as 2: 4-dihydroxy- 
benzophenone. 
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In the portion of v. Liebig’s paper dealing with his practical 
details, the term resorcinol-benzein is used very indiscriminately 
without reference to whether it applies to the a-, B-, y-, or 5-forms, 
and it is described as crystallising from nitrobenzene in red needles, 
having the composition (C,jgH,.03),,3H,0,C;H;-NO., and from 
aniline in dark red needles with a blue reflex, having the com- 
position (C,)H,,0;),,C,;H;;-NH,. These two compounds contain 
respectively 1°05 and 1°12 per cent. of nitrogen, and the following 
analytical data are given: 


0°1128 gave 1°1 c.c. N, at 21° and 722 mm. N=1°07. 
N (cale.) =1°05. 

0°1092 gave 1°5 c.c. Ng at 15° and 724 mm. N=1°55. 
N (calc.) =1°12. 


results which, seeing the small quantity of substance taken, and the 
consequent amount of nitrogen obtainable, may be considered as 
open to a considerable amount of doubt, whilst the origin of the 
water of crystallisation (!) is not apparent. 

Various hydrochlorides are also described, the a-benzein yielding 
one of the composition C,,H,,0O;,HCl; the B-, one of the composition 
(Cj9H,03)3,3HC1,C,H;-OH; and the y-, one of the composition 
(Ci9H,03)4,4HC1,H,O. The following observations may perhaps 
be offered with regard to the 8- and y-benzeins. The B-form having 
the composition (C,,H,,03)3,3C,H;-OH, when heated to 140°, loses 
two molecules of alcohol, and since the third molecule is difficult to 
remove, the product obtained is considered as an ether-like com- 
bination of the benzein and alcohol, namely: 


OH OH 
O O O O 


O 
on YY VY YY) 
AAJ DAY NV 
CPh C CPh 


fs 
Ph OEt 
but it is difficult to see why the ethoxy-group should be attached 
in this way, and no reason is given for affixing it in the position 
shown. When heated with alcoholic ammonia and the excess of 
ammonia is subsequently removed, it is said to yield a compound 
of the composition (C,)9H,,03)3,H,O,2C,H;-OH, which at 140° loses 
water and alcohol, giving (C,,Hj,O03);,C,H;-OH, finally passing at 
240° into (C,9H,,03)s. 
With regard to the y-benzein, obtained by the action of alcoholic 
ammonia on dihydroxybenzophenone-y-resorcinol-benzein, this is 
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represented as (C,9H.03),,2H,O,C,H;;OH. At water-bath tem- 

perature, by loss of water, it passes into the compound 
(CygH203)4,H,O,C,H,-OH, 

which loses alcohol when heated to 140°, yielding (CjgH.03),,H,O 


or 
“= OH 
no/ \~™ Aon HO/- YY NY 
\“N4; %\ “No. ie VY Va ; 


and finally, at 240°, the last molecule of water is removed, and the | 
anhydrous product, CjgH,,03, results. It seems curious that, on J 
heating, the water molecule should be removed before the alcohol 
molecule, and that v. Liebig in this instance does not make use of 
an ether formulation to explain the tenacity with which the alcohol 
molecule is held, whereas such a method was adopted with the 
8-compound. 

With the object of trying to decide between the conflicting 
opinions of Kehrmann and v. Liebig, resorcinol-benzein was pre- 
pared by the Doebner method, and the following results were 
obtained. The crude product, when boiled with water, yielded an 
aqueous extract containing benzoic acid, some 2: 4-dihydroxybenzo- 
phenone, unchanged resorcinol, and a small quantity of a red 
colouring matter which was not further examined. The residual 
solid was digested with dilute ammonia and the mixture filtered, 
when a reddish-coloured residue was left. This is apparently the 
benzoyl derivative of the benzein, since it is insoluble in cold 
alkali, and on hydrolysis by means of mineral acid is decomposed 
very slowly with formation of benzoic acid. 

The ammoniacal filtrate was acidified with acetic acid, and the 
precipitated solid purified by conversion into its hydrochloride. 
The hydrechloride was dissolved in ammonia, the base then pre- 
cipitated by the addition of acetic acid, and finally recrystallised 
from a suitable solvent. 

It was at first thought that by fractional crystallisation of the 
hydrochloride, two isomerides were obtained, but on liberation of 
the base from the two specimens, compounds of identical melting 
points were produced, and when a mixed melting point of the two 
specimens was taken, no depression was observed. Moreover, on 
fusion of the two specimens with an alkali hydroxide, both yielded 
2: 4-dihydroxybenzophenone, and thus apparently only one product 
of reaction is produced. 

The resorcinol-benzein so prepared is identical with Kehrmann’s 
3-hydroxy-9-phenylfluorone, as is shown by the analytical data 
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obtained from the base, its hydrochloride, the sodium and barium 
salts, the acetyl derivative, and the acetyl derivative obtained on 
acetylation in presence of zinc dust. No trace of v. Liebig’s various 
hydrochlorides was observed, and the same analytical results were 
produced whatever solvents were used for recrystallising the 
benzein. Liebig’s anhydro-compounds could not be obtained either 
by the action of alcoholic ammonia or acetic acid; in each case the 
product formed gave the melting point of the unchanged benzein 
and furnished corresponding data on analysis, whilst no depression 
of melting point was observed on mixing the so-called anhydro- 
compounds with a specimen of the benzein. 

In order to obtain confirmatory evidence of the fluorone structure 
of the benzein, it was subjected to the action of phosphorus penta- 
chloride, when the 3: 6-dichloro-9-phenylxanthonium chloride 
obtained by Howard and Pope (T., 1911, 99, 550) from the action 
of the pentachloride on 3-hydroxy-9-phenylfluorone was produced, 
the identity being further established by the conversion of the 
xanthonium chloride into 3: 6-dianilino-9-phenylxanthenyl chloride 
and the corresponding 3: 6-di-8-nanhthylamino-compound on con- 
densation with aniline and B-naphthylamine respectively. 

These facts would seem to justify Kehrmann’s view as to the 
structure of resorcinol-benzein, and in the annexed table the 
formule of the various products obtained by v. Liebig and the 
author are contrasted. 


H. v. Liebig. F. G. Pope. 
Resorcinol-henzein ............ C33H 390g 
a-Resorcinol-benzein ............ 19,0. | 
8-Resorcinol-benzein ............ (astiaOs)arO2 H,;°OH - CygH,,05 
y-Resorcinol-benzein ............ (C,9H,.03)4, Hi, 0, C,H,;°OH 
5-Resorcinol-benzein ............  ( ‘9H ,05" Hot Ne 
Anhydroresorcinol- benzein (I) C75H50)3,C.H;"OH \ O.H..0 
II) C,H hes 
2 ( ) 76°*54~'14 J 
H ydroch lorides : 
© ctbacritsccsseccavensscsernets Sigiewiy Ck 
D ccseinctninsccesnenenrsoneoses (CjgHj,03)3,3HCl,C,H;°OH C,9H,,.0;,HCl 
Of dhasdadeacncesscattidacses cate (Cr0H205)44HCl, H,0 
Barium salt............sc.ccoscccce Crp tg Ure C53H.0,Ba 
Acetyl derivative ...... ......4. CnH*O'D- Co *CH;).,C,H;"OH Ci, Oe" 0°CO°CH; 
Reduced acetate  ..........s00 Cyg Hog03(0°CO*CHS) 4 Cy9H yg0(O°CO°CH,)o 
Alkali fusion ......scccce.c..s+e0s OseHyp0o + Cig H 90 C3 H 903 + CgH,(OH), 
EXPERIMENTAL. 


For the preparation of resorcinol-benzein, the method adopted by 
Kehrmann and Dengler (Ber., 1909, 42, 873) was used, and the 
product obtained was purified by means of its hydrochloride. 

It was thought that possibly the hydrochloric acid solution from 
which the hydrochloride of 3-hydroxy-9-phenylfluorone was 
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originally obtained might contain an isomeride, conceivably of the 
structure : 


O 
«KY 
WW/\/4_ 
CPh OH 


and with the object of ascertaining whether such were the case or 
no, the acid solution was concentrated, and the crystalline residue 
obtained subjected to purification by Kehrmann’s method. The 
base obtained was, however, identical with 3-hydroxy-9-pheny]l- 
fluorone, and when the two were mixed, no depression of me,ting 
point could be noticed, so that apparently only one product of the 
fluorone type is formed. 

Resorcinol-benzein is readily soluble in hot nitrobenzene, aniline, 
or pyridine, but sparingly so in alcohol. From the three former 
solvents it crystallises in small, red needles, which melt at 330—331° 
(Found, C=79°29; H=4°25. Cale, C=79°17; H=4'17 per cent.). 

The hydrochloride, Cjg)H,,03,HCl, is obtained by dissolving the 
base in alcohol and adding concentrated hydrochloric acid to the 
solution (see above). It crystallises from alcoholic hydrochloric 
acid in golden-yellow needles: 


0°2240 gave 0°5748 CO, and 0°0826 HO. 
01747 ,, 0077 AgCl. C=70°0; H=4:09; Cl=10°90. 
C,)9H,,03,HCl requires C=70°25; H=4°01; Cl=10°94 per cent. 


The sodium salt is prepared by suspending the base in water, 
and adding to the suspension one equivalent of sodium hydroxide 
also dissolved in water. A deep red solution, showing a yellow 
fluorescence, is produced, and on concentration the sodium salt 
separates in very small, red needles: | 


0°2838 gave 0°0652 Na,SO,. Na=7°44. 
C,9H,,0;Na requires Na=7°42 per cent. 


v. Liebig states that a soluble barium salt, C,,H,.0,.Ba, 
(Ba=32°35 per cent.), is formed when resorcinol-benzein is heated 
with baryta solution. On repeating this experiment it was found 
that the benzein is almost insoluble in cold baryta solution, but 
that on boiling it appears to dissolve, and a barium salt, in an 
impure condition, or possibly a basic salt, is formed. If, however, 
the sodium salt is first prepared and barium chloride added to its 
aqueous solution, a bright red precipitate of the barium salt of the 
fluorone is immediately produced. This was collected, well washed 
with hot water, and dried: 


VOL. CV. s 
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0°1253 gave 0°0408 BaSO,. Ba=19°14. 
(Ci9H,,;03),.Ba requires Ba=19°27 per cent. 

The acetyl derivative, C,g)H,,0,°O-CO°CHs;, was prepared by 
heating 5 grams of the benzein with 20 grams of acetic anhydride 
and 5 grams of anhydrous sodium acetate for four hours. The 
mixture was then poured into cold dilute alcohol, and warmed 
on the water-bath until the excess of the anhydride was destroyed. 
The residue was collected, washed, dried, and crystallised from 
alcohol or acetic acid, separating from the solvent in red needles: 

0°1449 gave 0°4046 CO, and 0°057 H,O. C=76'15; H=4°37. 

C,,H,,0, requires C=76°31; H=4°27 per cent. 

By carrying out the acetylation in the presence of zinc dust, the 

colourless 3: 6-dihydroxy-9-phenylzanthen diacetate is obtained: 


O 
Ac0é ae. + Node 
we NF 
CPh 
and on crystallisation from alcohol, separates in colourless needles, 
which melt at 175°: 
0°1048 gave 0°2840 CO, and 0°0436 H,O. C=73°91; H=4°62. 
C,3H,,0, requires C=73°80; H=4'81 per cent. 
According to v. Liebig, a compound which he designates as 
anhydroresorcinol-benzein, C,,H;,0,,,C,H;;OH, is obtained when 
the parent substance is heated with alcoholic ammonia. In order 
to test this statement, 4 grams of the benzein were heated on the 
water-bath for two days with successive quantities of al]coholic 
ammonia, the product thoroughly dried, and compared with the 
original benzein, with the following results: 
Resorcinol-benzein. Anhydroresoreinol-benzein. 
Red needles, m. p. 330—331°. Red needles, m. p. 330—331°. 
No depression of m. p. on mixing 


| with original substance. 


Hydrochloride, yellow. Hydrochloride, yellow. 


Analysis of the so-called anhydro-compound gave the following 
data : 

0°1758 gave 0°5084 CO, and 0°0652 H,O. C=78°88; H=4:'12. 

C,,H,,0, requires C=79°17; H=4'17 per cent. 

v. Liebig’s anhydro-compound would require C=74°88; H=4'64 
per cent. It would thus seem apparent that alcoholic ammonia 
is without action on resorcinol-benzein at water-bath temperature. 

Again, a second anhydro-compound, C,,H,,0,,,CH,*CO,H, is said 
to be formed on heating the benzein with glacial acetic acid. This 
experiment was repeated by heating the benzein for twelve hours 
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with the acid. The product obtained was collected and dried. It 
melted at 330—331°, and was in all respects identical with the 
unchanged benzein : 

0°2667 gave 0°7691 CO, and 0°1006 H,O. C=7865; H=4°19. 

C,9H,,.0, requires C=79'17; H=4°17 per cent. 
C,,H;40,4,CH,°CO,H requires C=74°88 ; H=4°64 per cent. 

In order further to establish the identity of the benzein with 
3-hydroxy-9-phenylfluorone, the reaction between the benzein and 
phosphorus pentachloride was examined. For this purpose 5 grams 
of the benzein were dissolved in 20 grams of phosphoryl chloride 
and warmed on the water-bath, with the gradual addition of 10 
grams of phosphorus pentachloride. The blood-red liquid obtained 
was warmed until all the pentachloride dissolved, allowed to remain 
for five minutes, and then poured into 300 c.c. of light petroleum. 
The yellow precipitate obtained was collected, well washed with 
light petroleum, and dried in a vacuum. It is insoluble in non- 
hydroxylic solvents, but readily decomposes in the presence of 
hydroxylic solvents. A chlorine estimation served to establish its 
identity with the 3: 6-dichloro-9-phenylxanthonium chloride 
described by Howard and Pope (T., 1911, 99, 550) (Found, 
Cl=29°06. Calc., Cl=29°49 per cent.). 

Confirmation of this result is seen in the reaction of the above 
chloro-derivative when brought into contact with aniline and with 
B-naphthylamine. In the first case 5 grams of the dichlorophenyl- 
xanthonium chloride were heated for five minutes with 25 cc. of 
aniline, and the resulting paste was added to 200 c.c. of water, the 
whole rendered alkaline, and distilled in a current of steam to 
remove the excess of aniline. The residue was acidified, the pre- 
cipitate collected, well washed with water, and dried. For purifi- 
cation, the bluish-purple solid was recrystallised from alcohol, 
separating from the solvent in very small needles, which dissolve 
in alcohol to a purple solution. Analysis showed that the substance 
obtained was identical in composition with the dianilinophenyl- 
xanthenyl chloride obtained from 3-hydroxy-9-phenylfluorone 
(Found, C=78°60; H=4°6; Cl=7°28. Calc., C=78°39; H=4'84; 
Cl=7°48 per cent.). 

Similar results were obtained by the condensation of the dichloro- 
xanthonium chloride with B-naphthylamine, the xanthenyl chloride 
formed recrystallising from nitrobenzene in small crystals showing 
a fine bronze reflex, and giving analytical data corresponding with 
the xanthenyl chloride obtained similarly from 3-hydroxy-9-phenyl- 
fluorone (Found, Cl=5'97. Calc., Cl=6°18 per cent.). 

From the above results it thus appears that resorcinol-benzein 
as obtained by Doebner method is identical with Kehrmann’s 

$s 2 
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3-hydroxy-9-phenylfluorone, and is not a mixture of various forms, 
since the derivatives obtained by working with the two compounds 
are the same in both cases. 

On fusion with alkali hydroxides, or on boiling with a moderately 
concentrated solution of potassium hydroxide, the benzein yields 
resorcinol and 2: 4-dihydroxybenzophenone. To recover the latter, 
the fusion was acidified with hydrochloric acid and filtered. The 
precipitated matter was extracted with cold alcohol, the alcoholic 
solution evaporated to dryness, and the residue repeatedly re- 
crystallised from hot water. In this manner, pale yellow needles, 
melting at 143—144°, are obtained. This is the melting point of 
2: 4-dihydroxybenzophenone, and analysis furnished data confirm- 
ing this conclusion (Found, C=72°98; H=4°7. Cale., C=72°90; 
H=477 per cent.).* 


In conclusion, I desire to express my thanks to Mr. E. Turner, 
B.Sc., for his help in the practical work, and to the Research Fund 
Committee of the East London College for a grant to defray 
expenses, 
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XXIX.—The Surface Tension of Mixtures. Part J. 
Mixtures of Partly Miscible Liquids and the 
Influence of Solubility. 


By RatpH PatiiseR WORLEY. 


Tue most marked peculiarities of the surface tension of mixtures 
of liquids are, first, the lowness of the surface tension of aqueous 
solutions of liquids which are only partly miscible with water, 
and, secondly, the divergence of the surface tension-composition 
curves, in the case of liquids, which are perfectly miscible, from 
the straight line that would express the relationship between surface 
tension and composition if the former were merely an additive 
property ; that is to say, by what is generally called the admixture 
rule. The following investigations were carried out in order to 
throw more light, if possible, on these phenomena, and in the 


* While this paper was being written, I have been in communication with Prof. 
Kehrmann, who has forwarded me a dissertation of one of his students. Confirma- 
tion of v. Liebig’s results as to the different varieties of resorcinol-benzein was not 
obtained. 
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present paper will be found the results of the study of the surface 
tension of mixtures of partly miscible liquids. The case of mixtures 
of perfectly miscible liquids is dealt with in the succeeding paper. 

Before proceeding to a description of the experiments carried 
out, a short account of the results obtained by some other observers 
is necessary to show wherein the peculiarities lie. 

Duclaux (Ann. Chim. Phys., 1878, [v], 13, 76) carried out a 
series of experiments on the surface tension of mixtures of the 
homologous series of aicohols and fatty acids with water in varying 
proportions. His measurements were made by means of the drop 
pipette. He pointed out that a considerable drop in surface 
tension occurred on passing from pure water to a weak alcoholic 
solution, and that this drop increased in magnitude as the molecular 
weight of the alcohol increased. The following numbers are taken 
from his tables, and represent the surface tensions of 1 per cent. 
solutions by volume, that of pure water being taken as unity: 


Methy] alcohol and water ..........06......e0eees eee 0°962 
Ethyl ey Sh) Egle Worsted stisdbapedtebawenn 0°933 
isoPropyl ,, Bee i Me omarnnaptoneesaetGeces 0 900 
isoButyl ,, Sis dgGh | enahar? texmedamee stunner 0°742 
Amyl a ee ae Mie aetevpetctn 0°594 


He pointed out, moreover, that the surface tension-composition 
curves were of the form of hyperbolas, and the following formula 
was proposed to express the curves: 

y=k(e*—1), 
where y=surface tension, and «=percentage composition of the 
mixture by weight. 

J. Traube (Ber., 1884, 17, 2294) determined the capillary 
heights of mixtures of the alcohols, fatty acids, and isomeric esters 
with water. Unfortunately he did not find the densities of the 
mixtures, so it is impossible to convert his results into surface 
tension expressed as dynes per centimetre. However, the numbers 
obtained agree relatively with those found by Duclaux. He also 
noticed the decreasing value of the surface tension of a solution of 
given strength with increasing molecular weight of the solvent, and 
he formulated the following expression to represent the relationship 
between the two: 


ha — h’, _ M. 
he = h's Ms 


where h, and h* represent the heights to which solutions of the 
same concentration of two substances the molecular weights of 
which are M, and Mg respectively will rise in a given capillary 
tube, and h’, and h’, the heights corresponding with another equal 
concentration of the same two liquids. 
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What neither of these investigators * pointed out, however, and 
what has hitherto escaped attention is that there is a marked fall 
in the surface tension of a solution of given strength on passing 
from the members of a homologous series which are miscible with 
water in all proportions to those members which are only partly 
miscible at the ordinary temperature. This fact is clearly shown in 
the above table. It seems remarkable, too, that such a weak 
solution of amyl alcohol as 1 per cent. should have a surface tension 
only one-half as great as that of water, whilst a solution of ethyl 
alcohol of the same composition has a surface tension almost as 
great as that of water itself. It seemed probable from such con- 
siderations as the above that a relationship exists between the 
solubility of the solute and the surface tension of its solutions. 

With a view, therefore, to learn more concerning the relation 
of surface tension to mutual miscibility, experiments were made 
with aniline, phenol, and isobutyl alcohol, the approximate solu- 
bilities at 15° being for aniline 1 part in 30, for phenol 1 part in 15, 
and for isobutyl alcohol 1 part in 10. 

The method adopted of measuring the surface tension was the 
method of capillary rise, the surface tension being calculated from 
the formula: 


S=4rghd, 


where S =surface tension in dynes per centimetre ; 
r=radius of capillary tube in centimetres; 
g=981 dynes; 
h=capillary rise in centimetres; 
d=density of liquid. ' 

Two factors have been neglected in the above formula, d’ the 
density of the vapour above the liquid which ought to be sub- 
tracted from d, and 4r, which ought to be added to the capillary 
height 4. Both of these quantities are, however, so small that no 
appreciable errors have been introduced in omitting them. 

The apparatus consisted of a tube 25 cm. long and 2 cm. wide, 
which contained the liquid to be examined. It was sealed off at 
the lower end, and closed by means of a rubber stopper at the 
upper end. The stopper was perforated to hold a glass rod which 
passed down into the tube, and to this rod the capillary tube was 
fastened by means of fine platinum wire. By the vertical motion 


* The’ following investigators may also be referred to: Rodenbeck (Diss., 
Bonn, 1879) ; Whatmough (Zeiisch. physikal. Chem., 1902, 39, 158) ; Volkmann 
(Ann. Phys. Chem., 1882, [iii], 16, 321; Torch (Ann. Physik, 1905, [iv], 17, 744); 
Lewis (Phil. Mag., 1908, [vi], 15, 499); Lohnstein (Ann. Physik, 1906, [iv], 20, 
614); Ramsden (Proc. Roy. Soc., 1903, 72, 156); Drucker (Zeitsch. physikal. 
Chem., 1905, 52, 678) ; Milner (Phil. Mag., 1907, [vi], 18, 96). 


J De rnatea 
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of the rod, therefore, the capillary tube could be raised or lowered 
in respect to the surface of the liquid. In order to obtain accurate 
results, it is absolutely necessary that the liquid be made to flow 
over the end of the capillary tube before each reading to ensure 
the walls of the tube above the meniscus being wet and the surface 
of the liquid fresh. The whole was contained in a jacket made of 
glass tubing of wide bore. Water at various constant temperatures 
was passed through this jacket, the temperature being adjusted by 
increasing or decreasing the rate of flow of the water. 

The diameters of the capillaries were measured by means of a 
microscope furnished with a micrometer eyepiece. Measurements 
were taken in four directions, and unless these agreed the tubes 
were rejected. 

The tubes were cleaned and dried by drawing through them 
boiling chromic acid, distilled water, alcohol, and dry ether in the 
order named. 

The capillery heights were measured by means of a cathetometer 
which read to a hundredth of a millimetre. Four readings were 
taken in each case, the tube being lowered and raised again by 
means of the glass rod before each observation. The rod was 
adjusted each time so that the meniscus fell to a point 1 cm. from 
the top of the capillary tube. The capillary heights contained in 
the tables are the means of the four observations.* 

The densities were measured by means of a 25 c.c. Sprengel tube. 


Effect on the Surface Tension of Decreasing the Solubility of 
Aniline in Water by the Addition of Common Salt. 


The solubility of aniline in water is greatly diminished by the 
addition of salt. The effect of this change of solubility on the 
surface tension of the mixture was the first thing to be investigated. 
Twenty-five c.c. of a solution of aniline in water (containing 1 part 
in 60) were taken, and salt was added in quantities of 1 gram at 
a time until the solution became turbid. The capillary height and 
the density were measured after each addition of salt, and the 
results obtained are contained in table I. The symbols at the head 
of each column refer to the quantities above mentioned, whilst 
G=number of grams of salt added. The temperature was 20°. 


* A tube of different diameter was always used in addition so as to keep a check 
on the results. The two tubes gave results which never differed by more than 
one-tenth of adyne. The results obtained from the second tube are not contained 
in the tables. 


2 het ae eee alee ete 


i 


264 WORLEY: THE SURFACE TENSION OF MIXTURES. PART I. 


TABLE [. 

G. r (cm.). d. h (cm.). 8. 

0 002154 1°000 5191 54°834 
1 0°02154 1°026 4°780 51°816 
2 0°02154 1°051 4°470 49°590 
3 0°02154 1‘070 4°222 47°772 
4 0°02154 1°094 3°989 45°940 
5 0°02154 1°119 3°875 45°803 


Tis solution became turbid when the fourth gram had been 
added, and the fifth gram had very little further effect. The 
surface tension of pure aniline at 20° is 42. 

The change in surface tension brought about by the addition 
of salt to water is very small, and consists, moreover, in an increase 
of the tension. Thus, according to Whatmough (Zeitsch. physikal. 
Chem., 1902, 39, 149), the surface tension of a 2N-solution of 
sodium chloride is 79°35, that of water being 75°57. The con- 
siderable fall in surface tension shown in the above table cannot 
therefore be due to the mere addition of the salt, but most probabiy 
it may be due to the diminution of the solubility of the aniline in 
water. The evidence, however, is not conclusive, and the following 
further investigations were therefore carried out. 


The Effect of Temperature and the Accompanying Changes in 
Solubility on the Surface Tension. 


Since the mutual miscibility of such liquids as aniline, phenol, 
and isobutyl alcohol with water is greatly dependent on the tem- 
perature, the liquids becoming soluble in all proportions at high 
temperatures, it seemed necessary to find out how the surface 
tension of these mixtures varied when the temperature was 
increased. A series of experiments was therefore made with 
aqueous solutions of varying strength of the three liquids men- 
tioned, and the surface tension was found at several temperatures 
from the room temperature up to 100°. The surface tension of 
the distilled water used to make up the solutions was measured at 
four different temperatures. 


1.—Aniline and Water. 


The aniline used was of constant boiling point. Solutions of 
different concentration were made up, and the surface tension 
was determined at various temperatures. The results are set forth 
in the following tables: 
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TaB.e IT. 
3°33 c.c. of Aniline and 100 c.c. of Water. (Curve 6.) 

t. 7 (em.). d, h (cm.). S. 
15° 0°0250 10028 3°887 48°206 
55 0°0250 0°9920 4°077 49°222 
95 0°0250 0°9665 4°274 50°729 

TaBLe III. 

2°5 c.c. of Aniline and 100 c.c. of Water. (Curve 5.) 

11° 0°0250 1:0027 4°106 50°496 
21 0°0250 1°0016 4°131 50°701 
32 0°0250 0°9997 4°169 §1°111 
46 0°0250 0°9927 4°231 51°504 
61 0 0250 0°9850 4°283 51°732 
80 0°0250 0°9761 4°364 52°230 
100 00250 0°9656 4°455 52°754 

TaBLeE IV. 

2 c.c. of Aniline and 100 c.c. of Water. (Curve 4.) 
16° 0°02154 1°0018 5064 53°596 
38 0°02154 0°9942 5°105 53°623 
60 0°02154 0°9915 5°156 54°012 
80 0°02154 0°9747 5°273 54°300 

TABLE V. 

15 c.c. of Aniline and 100 c.c. of Water. (Curve 3.) 
16° 0°02154 1:0013 5°364 56°744 
38 0°02154 0°9925 5°389 56°514 
60 0°02154 0°9900 5°355 56°012 
90 0°02154 09746 5°389 55°499 

TaBLE VI. 

1 c.c. of Aniline and 100 c.c. of Water. (Curve 2.) 
15° 0°02154 1°0012 5°720 60°505 
53 0°02154 09904 5°545 58 023 
85 0°02154 0°9741 5°563 57 °254 

‘ TaBLeE VII. 

0°5 c.c. of Aniline and 100 c.c. of Water. (Curve 1.) 
15° 0°02154 10011 6°217 65°753 
30 0°02154 0:9978 6°119 64°505 
56 0°02154 "0°9880 5 915 61°733 
80 0°02154 0 9758 5°724 59°008 
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Taste VIII. 
Surface Tension of Distilled Water. 


t. r (em.). d. h (cm.). 8. 

17° 0°0297 0°9988 7°188 72°886 

41 0°0207 0°9922 6°878 69283 

59 0°0207 0°9840 6 666 66 573 

77 0°0207 0°9737 6°441 63°256 
Fic. 1. 


Surface tension. 
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Temperature. 


The above results are shown graphically in Fig. 1. It will be 
seen that increase of temperature has a very different effect from 
that observed in the case of pure liquids. The curves representing 
dilute solutions fall with rising temperature but less rapidly than 
the water curve. At higher concentrations the rate of decrease of 
surface tension becomes markedly less, until in the case of solutions 
which are nearly saturated the interesting fact is exhibited that 
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with increase of temperature the surface tension even rises. At 
all concentrations increasing the temperature reduces the 
abnormally large difference between the surface tension of the 
solutions and that of the solvent, and the surface tension of the 
solutions tend to approach the value they would be expected to q 
have if the liquids were miscible in all proportions. At low 4 
temperatures the surface tension of nearly saturated solutions is 
not much greater than that of pure aniline, whilst at high tem- ; 


peratures it becomes nearly as great as that of water. i 
2.—Phenol and Water. 

The phenol was “ pure crystallised phenol” and was recrystallised 
before use. The solutions were made up as before, but by weight 
instead of by volume. The surface tension of phenol above its 
melting point was also determined. The results of the experiments 
were as follows: 

TaBLe IX. 
Surface Tension of Phenol above its Melting Point. 
e. 7 (cm.). d. h (cm.). 8. 
49° 0:01528 1°0514 4°637 36°540 
66 0°01528 1°0387 4°461 34°728 
81 0°01528 1°0264 4°311 33°159 
100 0°01528 10121 4°101 31°098 
TABLE X. 
6°66 grams of Phenol and 100 c.c. of Water. (Curve 5.) 
15° 0°02038 1°0069 4°065 40°889 
35 0°02038 1:0911 4°028 40°300 
57 0°02038 0°9931 4-066 40°365 
76 0°92038 0°9840 4°110 40°425 
90 0°02038 0°9767 4°249 41°485 
TaBLE XI. 
3°33 grams of Phenol and 100 c.c. of Water. (Curve 4.) 
15° 0°02038 1°0054 4°748 47°703 
35 0°02038 0°9997 4°702 46941 
53 0°02038 0°9925 4°726 46°888 
75 0°02038 0°9825 4°770 46°850 
90 0°02038 09730 4°827 46°945 
TaBLE XII. 
: 2 grams of Phenol and 100 c.c. of Water. (Curve 3.) 
‘| 
Bi 14° 0°02038 1:0028 5°362 53°748 
36 0°02038 0°9976 5 ‘287 52 712 
55 0°02038 0°9919 5°302 52°566 
75 0°02038 0°9815 5°305 52°048 


0°02038 0°9729 5°285 51°400 
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Taste XIII. 

1 gram of Phenol and 100 c.c. of Water. 
F: r (cm.). d. h (cm.). 
15° 0°02038 1:0018 6°029 
37 0°02038 0°9961 5°916 
60 0°02038 0°9897 5°888 
80 0°02038 0°9776 5°815 
90 0°02038 0:9711 5°717 

Taste XIV. 

0°5 gram of Phenol and 100 c.c. of Water. 
16° 0°02038 1:0017 6°583 
40 0°02038 0°9955 6°411 
61 0°02038 09827 6°277 
81 002038 0°9766 6°112 


The above results are set forth graphically in Fig. 2, and here 
again the same peculiarities as those shown by aniline are exhibited, 
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although the curves do not show such a marked tendency to rise. 
The surface tension of the saturated solution is approximately the 
same as that which would be obtained for phenol alone by 
extrapolation at room temperature. 


isoButyl Alcohol and Water. 
Unfortunately no pure isobutyl alcohol could be procured, but 


some was prepared by saponifying isobutyl acetate. The latter was 
Kahlbaum’s, and before use was redistilled. The alcohol kept for 
the following experiments distilled at 105—107°. Solutions of four 
different concentrations were made up, and their surface tensions 
determined at different temperatures. The surface tension of the 
pure alcohol was found at one temperature only, the result agreeing 
well with that found by other observers. The following tables 
contain the results of the experiments. 
TaBLE XV. 
Surface Tension of isoButyl Alcohol. (Curve 5.) 
i. 7 (cm.). d. h (em.). S. 
15° 001528 08094 3°073 22°919 
TaBLE XVI. 
10 c.c. of isoButyl Alcohol and 100 c.c. of Water. (Curve 4.) 
15° 0°01528 0:9870 3 651 27°011 
44 001528 0°9785 3 205 23°510 
76 0°01528 0 9656 2°768 20°029 
TaBLeE XVII. 
6 c.c. of isoButyl Alcohol and 100 c.c. of Water. (Curve 3.) 
16° 0°01528 0°9906 4°373 32°470 
46 0°01528 0°9808 3°956 29-078 
65 0°01528 0°9724 3°708 27 °021 
TaBLeE XVIII. 
3 e.c. of isoButyl Alcohol and 100 c.c. of Water. (Curve 2.) 
14° 0 01528 0 9962 5*410 46°393 
50 0°01528 0°9804 4°875 35°818 
80 0°01528 0°9684 4°458 32°353 
TaBLE XIX. 
15 ¢.c. of isoButyl Alcohol and 100 c.c. of Water. (Curve 1.) 
14° 0°01528 0°9990 6°912 51°749 
46 0°01528 0°9891 6°449 47°804 


78 0°01528 0°9716 6012 43°744 
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PART I. 


The graphic representation of these results will be found in 
Fig. 3. It is noticeable that the curves are markedly different 
from those obtained with solutions of aniline and phenol, there 
being little or no tendency for the abnormally low value of the 
surface tension to disappear with rise of temperature. 

When the changes in solubility which are brought about by 
increase of temperature as regards aniline, phenol, and isobutyl 
alcohol are examined in detail, it is found that the changes are by 


no means the same in each case. 


In the following table will be 
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found the percentage solubilities up to the critical solution tem- 
perature, the numbers for aniline and isobutyl alcohol being due 
to Alexéev (Ann. Phys. Chem., 1886, [iii], 28, 305), and those for 
phenol to Rothmund (Zettsch. physikal. Chem., 1898, 26, 433): 


Aviline. Phenol. 

Per cent. Per cent. 
20° 3'1 20° 8°40 
40 33 30 8°92 
60 3°8 40 9°78 
80 5°5 45 10 62 

100 79 55 13°88 
120 9°1 60 17°10 
140 13°5 65 22°26 
167 486 68°8 35°90 


isoButy] alcohol. 


Per cent. 

0° 13°0 
20 9°0 
40 75 
60 70 
80 7:0 
100 80 
120 16°0 
133 40°0 
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It is seen that whereas the solubility of aniline and phenol 
increases up to the critical temperature, that of isobutyl alcohol 
decreases up to 70°, and then begins to increase again until the 
critical temperature is reached. 

On comparing the solubilities of these substances with the surface 
tension of their solutions, it is evident that some close connexion 
exists between the two phenomena, and the abnormally low values 
of the surface tension would appear to be connected with the degree 
of immiscibility of the liquids. When the solubility is increased 
by raising the temperature, as in the case of aniline and of phenol, 
the surface tension becomes less and less abnormal, and tends to 
approach the value it might be expected to have if the liquids 
were miscible in all proportions, whereas, when increase of tem- 
perature is not accompanied by increased solubility, as in the case 
of isobutyl alcohol, there is no such tendency (see Fig. 3). More- 
over, it was shown (table I) that on decreasing the solubility of 
aniline in water by the addition of salt, the surface tension was 
considerably diminished. 

It is not surprising that an aqueous solution of a liquid of low 
surface tension, miscible with water only in small proportions, 
should have an abnormally low surface tension when nearly 
saturated. At the point of saturation there is a tendency for the 
liquid to separate out, and even below this point it probably exists 
to some extent as molecular aggregates of low surface tension which 
are continually being formed and resolved. Such a condition, 
however, could not be expected to exist in dilute solutions in which 
the surface tension is also abnormally low. The explanation of the 
low values in this case lies in all probability in the fact that the 
solute is not uniformly distributed, but is concentrated at the 
surface. 

According to Willard Gibbs (“Thermodynamic Studies,” pp. 
219—300), a solute which increases the surface tension of the 
solvent is pushed out of the surface because the molecules tend to 
arrange themselves in a system having the least potential energy, 
and vice versa, a solute which decreases the surface tension is 
concentrated in the surface. 

Various investigators have shown that the surface layer of a 
solution often has a different composition from the bulk. Most of 
the experiments have been carried out with colloidal substances, 
but the same phenomenon has been shown to exist in the case of 
true solutions. Reference may be made to the work of Dupré 
(Ann. Chim. Phys., 1866, [iv], 7, 409), Rayleigh (Proc. Roy. Inst., 
1890—1892, 13, 85), Milner (Phil. Mag., 1908, [vi], 15, 499), 
Ramsden (Proc. Roy. Soc., 1903, 72, 156), Lewis (Phil. Mag., 1908, 
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[vi], 15, 49; 1909, [vi], 17, 466), and Donnan and Barker (Proc. 
Roy. Soc., 1911, A, 85, 557). There is thus good reason to believe 
that solutes act in general in the manner predicted by Gibbs. 

In the case of solutions of aniline, phenol, and isobutyric acid, 
then it is probable that the low values of the surface tension, even 
in dilute solutions, are due to the fact that the solute is concentrated 
at the surface, which is thus much nearer the point of saturation 
than is the bulk of the solution. Increase of temperature increases 
the solubility of aniline and phenol, and consequently the surface 
layer, even if its concentration does not fall, becomes less nearly 
saturated as the temperature is raised. The increased solubility 
would also possibly cause the concentration of the bulk to become 
greater at the expense of the surface layer. 

In the case of isobutyl alcohol, since increase of temperature is 
not accompanied by increased solubility, the surface layer does not 
become less nearly saturated as the temperature is raised, and, 
moreover, there is no reason to expect that the concentration of 
the surface layer would diminish. It is thus to be expected that 
the abnormal lowness of the surface tension will not tend to 
disappear when the temperature is raised. In this connexion 
mention may be made of some experiments carried out on the 
duration of froth upon the different solutions. An aqueous solution 
of aniline agitated violently for thirty seconds at 20° formed a 
copious froth, which had not entirely disappeared after fifteen 
minutes had elapsed. The same solution when agitated similarly at 
70° formed a froth which disappeared entirely in ten seconds. In 
the case of isobutyl alcohol the froth was not so copious. . It lasted 
for thirty seconds at 20°, and for thirty-five seconds at 50°. 


To conclude, there seems to be little doubt of the correctness 
of the view advanced in an earlier part of the paper that the low 
surface tension of the aqueous solutions studied is intimately 
connected with the comparative insolubility of the solutes. The 
reduction of the surface tension of solutions of aniline accompanying 
a reduction of solubility brought about by the addition of salt, and 
the comparison of the effects of increase of temperature on the 
solubilities of the liquids studied and on the surface tensions of 
their solutions ail support this conclusion. There is good reason 
to suppose that the lowness of the surface tensions of the less 
concentrated solutions is due to the concentration of the surface 
layer being greater than that of the bulk of the solution, and thus 
considerably nearer the point of saturation. 


UNIVERSITY COLLEGE, 
AUCKLAND, N.Z. 
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XXX.—The Surface Tension of Mixtures. Part II. 
Mixtures of Perfectly Miscrble Inquids and the 
Relation between Their Surface Tensions and 
Vapour Pressures. 


By RatpH PaLuiseR WoRLEY. 


THERE is an obvious although not very simple relationship between 
the vapour pressure and the surface tension of a pure liquid, and 
likewise of a mixture of liquids. In the case of the latter these 
properties can be made to vary by altering the proportions of 
the constituent liquids, and it seemed to be of interest to learn 
whether in mixtures of liquids deviations from a general law 
governing the vapour pressures were accompanied by corresponding 
deviations in the case of surface tensions. 

In spite of the fact that the surface tensions of a considerable 
number of mixtures have already been determined, the surface 
tensions and the vapour pressures have not been investigated for 
the same mixtures, and it was therefore impossible to draw any 
conclusions from the work of others. 

Such being the case, it was decided to find the surface tensions 
of mixtuges of the following three pairs of liquids, since their 
vapour-pressure curves, determined by Zawidski (Zeitsch. physikal. 
Chem., 1900, 35, 129), belong to three characteristic and very 
different types. 

1. Benzene and Ethylene Dichloride—The vapour pressure— 
composition curve corresponds with the theoretical straight line. 

2. Acetone and Carbon Disulphide.—In this case the vapour 
pressure—composition curve lies above the theoretical straight line, 
and passes through a maximum value. 

3. Pyridine and Acetic Acid.—In this case the vapour pressure— 
composition curve lies below the theoretical straight line, and 
passes through a minimum. 

Various formule have been proposed to express the surface 
tension of a mixture in terms of the surface tension of the com- 
ponents, but .experiment has shown that none is of universal 
application. According to Volkmann (Ann. Phys. Chem., 1882, 
[iii], 16, 320), the surface tension of a binary mixture is repre- 
sented by the formula S=V,S,+V.S,, where V, and V, are the 
volumes of the liquids in the mixture expressed fractionally, and 
S, and S, their surface tensions when unmixed. 

Whatmough (Zeitsch. physikal. Chem., 1902, 39, 158) modified 
this formula to take into account the change in volume which takes 

VoL. CV. T 


274 WORLEY: THE SURFACE TENSION OF MIXTURES, PART II. 


place on mixing, and proposed the following: S=R(V,S,+V28z), 
R being the ratio of the calculated to the observed density. It was 
found that the observed values of only a few mixtures agreed with 
those calculated, the majority being too small, whilst in some cases 
the curve passed through a minimum value. In two or three cases 
he attempted to show that a relation existed between surface 
tension and relative compressibility. In the other cases no attempt 
was made to account for the divergence between observed and 
calculated results, nor were the surface tensions compared with 
other physical properties of the mixtures. 

It is to be noted that the admixture rule for finding the vapour 
pressure of a mixture deals with molecular proportions, whilst that 
for surface tension deals with volumes. The mixtures experimented 
on were therefore made up by volume, and not either by weight 
or molecular proportions, either of which ways would seem at first 
glance to be superior. 

The surface tensions were determined in exactly the same manner 
as that employed in the previous paper, and the symbols in the 
tables have the same significance. The densities are referred to 
water at 4°. 


1.—Benzene and Ethylene Dichloride. 


The benzene was treated with concentrated sulphuric acid in 
the cold and then distilled, the whole passing over between 79° 
and 80°, and the portion used between 79° and 79°5°. 

The ethylene dichloride was treated with potassium hydroxide, 
and then with sulphuric acid, and the portion used distilled between 
84° and 84°5° , 

The surface tensions of the pure liquids were first determined 
over a range of temperatures, and three mixtures were made up 
of different proportions, and the surface tensions likewise found. 
The results are contained in tabular form below. 


TABLE I. 


Surface Tension of Benzene. 


t. r (cm.). d. h (cm.). S. 
14° 0°01528 0°8854 4311 -  28°606 
45 0°01528 0°8545 3°861 24°725 
70 0°01528 0°8300 3°474 21°607 
TaB_e IT. 
Syrface Tension of Ethylene Dichloride. 
12°5° 0°01528 1'2579 3°385 31°914 


43 0°01528 1°2184 3°055 27°888 
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TasieE III. 


Benzene (30 c.c.) and Ethylene Dichloride (20 c.c.). 
t. r (cm.). d. h (em.). S. 
14°5° 0°01528 1:0297 3°807 29°322 
45 0°01528 0°9975 3°428 25°627 
70 0°01528 0°9695 3°119 22°625 
TaBLe IV. 

Benzene (20 c.c.) and Ethylene Dichloride (30 c.c.). 
15° 0°01528 11055 3°614 29°944 
41 0°01528 1°0730 3°324 26°730 
58 0°01528 1°0515 3‘124 24°620 

TaBLe V. 

Benzene (40 c.c.) and Ethylene Dichloride (10 c.c.). 
14° 0°01528 0°9605 4°030 28°942 
50 0°01528 0°9268 3°547 24°634 


The results contained in the above tables were first plotted 
graphically, and from the curves formed the following table con- 
taining the data for surface tension and composition at 20° and 
50° was compiled. The calculated results were obtained by means 
of the admixture rule mentioned above. 


TaBLe VI. 
Surface Tension of Mixtures of Benzene and Ethylene Dichloride. 
S at 20°. S at 50°. 
Vol. per cent., - e ~ c ~ ~ 
C,H,Cl,. Observed. Calculated. Observed. Calculated. 
0 80°90 — 26°92 a 
40 29°30 29°68 25°73 25°73 
60 28°60 30°25 25°10 25°14 
80 28°18 23°42 24°60 24°60 
100 27°80 — 24°00 -= 


The curves obtained by plotting these numbers are shown in 
Fig. 1. It will be seen that at 50° the observed and the calculated 
values agree very well, whilst at 20° the observed values are slightly 
less than those calculated. Now reference to Zawidski’s paper 
(loc. cit.) shows that at 50° the observed values of the vapour 
j pressures of mixtures of these two liquids agree absolutely with 
those calculated from the admixture rule. As far as can be judged 
from these two liquids, therefore, there is close agreement in the 
properties of surface tension and vapour pressure of mixtures, in 
that the laws as regards each are obeyed. 


T 2 
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2.—Carbon Disulphide and Acetone. 


The carbon disulphide was treated with concentrated sulphuric 
acid and then distilled, the whole passing over at 46°5°. 

The acetone was dried over calcium chloride and distilled, the 
portion used passing over between 56° and 56°5°. 

The surface tensions of both the pure liquids and mixtures of 
the two in varying proportions at different temperatures are con- 
tained in the tables following 
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Ethylene dichloride, Vol. per cent. Benzene. 
Tasie VII. 
Surface Tension of Carbon Disulphide. 
¢. r (em.). d. h (cm.). &. 
14° 0°01528 1°2726 3°358 32°021 
28°5 0°01528 1°2521 3°196 29°971 
44 0°01528 1°2292 3°012 27°746 
TaBLE VIII. 
Surface Tension of Acetone. 
14°4° 0°01528 0°7988 3°925 23°469 
35 0701528 0°7770 3°630 21°139 


53 0°01528 0°7563 3°325 18°842 
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TaBLE IX. 
Carbon Disulphide (40 c.c.) and Acetone (10 c.c.). 
f. r (cm.). d. h (em.). 8. 
16° 0°01528 1°1649 3°063 26°738 
38 0°01528 1°1320 2°826 24°542 
TABLE X. 
Carbon Disulphide (35 c.c.) and Acetone (29 c.c.). 
15° 0°01528 1°0419 8°195 24°948 
29°5 0°01528 1°0230 3°033 23 °254 
39 0°01528 1°0124 2°905 22°039 
TaBLE XI. 
Carbon Disulphide (10 c.c.) and Acetone (40 e¢.c.). 
18° 0°01528 0°8760 3°558 23°356 
38 0°01528 0°84996 3°290 20°910 


As in the last case these results were plotted graphically, and 
the following table, showing the surface tension and composition at 
10° and 35°, was compiled from the curves plotted. 


Taste XII. 
Miztures of Carbon Disulphide and Acetone. 
S at 10°. S at 35°. 
Vol. per cent., - ” ~ r sine ~ 
Acetone. Observed. Calculated. Observed. Calculated. 
0 82°55 —_ 28°98 _ 
20 27°40 30°85 24°79 27°35 
40 25°50 28°64 22°55 25°30 
80 24°31 25°70 21°28 22°52 
100 24°00 - 21°00 _ 


These results are shown graphically in Fig. 2. At both tem- 
peratures the observed values are considerably below those calculated 
(shown by dotted line in diagram). Now, according to Zawidski, 
the vapour pressures of mixtures of these two liquids are much 
greater than those calculated, the curve, instead of being a straight 
line, passing through a maximum. It appears therefore that when 
the vapour-pressure curve of a mixture diverges from the theoretical 
straight line in one direction, the surface-tension curve diverges in 
the opposite direction. 


3.—Pyridine and Acetic Acid. 


The pyridine was obtained from commercial pyridine by frac- 
tional distillation, the portion kept for use passing over between 
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112° and 118°. 


PART II. 


It was therefore not pure, but it may be noted 


that Zawidski stated the same of the sample used by him. 
The acetic acid distilled between 117°5° and 118°. 


Surface tension. 


Fie. 2. 


34 T T T T 


20+ E 
aocalll 1 ! j 
0 20 40 60 80 100 
Carbon disulphide. Vel. per cent. Acetone. 
TaBLe XIII. 
Surface Tension of Pyridine. 
r (cm.). d. h (em.). 
0°01528 0°9882 5°132 
0°01528 0°9545 4°604 
0°01528 0°9062 4°172 
TaBLE XIV. 
Surface Tension of Acetic Acid. 
0°01528 1°0553 3°439 
0°01528 1°0162 3°101 
0°01528 0°9913 2°869 


BSA 0M 
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TABLE XV. 
Pyridine (37°5 c.c.) and Acetic Acid (12°5 e.c.). 
£ 7 (cm.). d. h (em.). S. 
17° 0°01528 10175 4°765 36°334 
52 0°01528 0°9860 4°332 32°006 
76 0°01528 0°9595 4°012 28 °848 
TaBLeE XVI. 
Pyridine (27 c.c.) and Acetic Acid (23 c.c.). 
12° 0°01528 170585 4°485 35°577 
47 0°01528 1°0265 4°145 31°886 
75 0°01528 0°9975 3°850 28°780 
TaBLe XVII. 
Pyridine (15 c.c.) and Acetic Acid (35 c.c.). 
14° 0°01528 1°0871 4°084 33°281 
49 0°01528 1°0537 3°779 29°826 
75 0°01528 1°0230 3°554 27 °247 


As in the previous cases these results were plotted graphically, 
and from the curves drawn the following table was compiled. 


TaBLe XVIII. 
Mixtures of Pyridine and Acetic Acid. 
S at 40°. S at 80°. 
Vol. percent., - is ~ c as ~ 
C,H,0,. Observed. Calculated. Observed. Calculated. 
0 34°30 _— 28°32 _— 
25 33°59 31°85 28°32 26°45 
46 32°65 29°85 28°00 24°82 
70 30°63 27°40 26°79 23°00 
100 24°73 _ 20°80 — 


These results are plotted graphically in Fig. 3. In this case the 
observed values are much greater than those calculated, and the 
curves tend to pass through a maximum value. Reference to the 
paper of Zawidski mentioned above shows that mixtures of pyridine 
and acetic acid form a minimum vapour-pressure curve at 80°05°. 
This case is exactly the opposite of the previous one, and appears 
to verify the contention that the properties of surface tension and 
vapour pressure of mixtures vary in opposite directions. 

As had been anticipated, the above results show that a marked 
relationship does exist between the surface tensions and vapour 
pressures of mixed liquids. The relationship may be summarised 
in the three following rules. 


eure  ~ 
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(i) If at any given temperature the vapour pressures of mixtures 
of two liquids agree with the values calculated by the rule of 
admixture in molecular proportions, then at that temperature the 
surface tensions of the mixtures agree with those calculated by 
the formula S=V,S, + V2S83. 

(ii) If the vapour pressures are greater than those calculated, 
then the surface tensions are less than those calculated. 


Fie. 3. 
36 ! ] T T 


Surface tension in dynes. 


| | ica 
0 20 40 60 80 100 


Pyridine. Vol. per cent. Acetic acid. 


(iii) If the vapour pressures are less than those calculated, then 
the surface tensions are greater than those calculated. 

It had been intended to investigate mixtures of benzene and 
carbon tetrachloride, since the vapour-pressure curve lies only a 
little above the theoretical straight line (Zawidski). The surface 


WORLEY: THE SURFACE TENSION OF MIXTURES. PART Ii. 281 


tensions of mixtures of these two liquids were, it was found, deter- 
mined by Ramsay and Aston (Zeitsch. physikal. Chem., 1894, 15, 
92), who showed that the observed values were a little below the 
calculated values. It follows therefore that mixtures of these two 
liquids behave in accordance with the above rules. So also do 
mixtures of ether and carbon disulphide, which form a maximum 
vapour-pressure curve (Guthrie, Phil. M/ag., 1883, [v], 18, 513), 
and tend to form a minimum surface-tension curve (Whatmough, 
loc. cit.). 

The case of mixtures of the alcohols with water is very instruc- 
tive, and offers further proof of the validity of the foregoing rules. 
The vapour pressures of mixtures of these in all proportions were 
found by Konovalov (Ann. Phys. Chem., 1881, [iii], 14, 34). With 
increasing molecular weight of the alcohol, the vapour-pressure 
curves rise higher and higher above the straight line, and in the 
case of both propyl and isobutyl alcohols the curves pass through a 
maximum value. The greatest differences between observed and 
calculated values, at the temperature when the vapour pressure of 
each pure alcohol is 400 mm., are roughly as follows: 


Methyl alcohol and water.. ...........0....05 43 mm. 
Ethyl - i aie hdesoneed Keceen 1 « 
Propyl me si ppdvaddigc dia docieeade 203 ,,; 
isoButyl ,, a eee 315 ,, 


The surface tensions of mixtures of the same liquids and water 
were determined by Duclaux. . 
With increasing molecular weight of the alcohol the surface 
tension—composition curves fall more and more below the theoretical 

straight lines. The maximum differences are roughly: 


Me hy] alcohol and water ...... ............4. 14 degrees 
Ethy] i ae) daemedunalaeanlocuends ree 
isoPropyl ,, DM) “detoueaasgmmensescons 
isoButyl ,, 4s adebamadascncunoecss a 


These mixtures therefore show a striking agreement with the 
rules laid down, and show, moreover, that the greater the divergence 
of the vapour-pressure curve from the theoretical straight line, the 
greater is the divergence of the surface-tension curve, but in the 
opposite direction. 

It may be noted in passing that no difference is to be drawn 
between mixtures the surface tensions of which diverge from the 
theoretical straight line and those the surface tensions of which 
form either a maximum or minimum as the case may be, these being 
formed only when the surface tensions of the pure liquids happen 
to be near together. This greatly simplifies the classification of 
mixtures proposed by Whatmough. It seems also, that mixtures 
VoL, CV. U 
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may obey the admixture rule at one temperature, and not at others, 
as in the case of benzene and ethylene dichloride. 

Finally, it appears that the relationship between surface tensions 
and vapour pressures of mixtures holds good also for solutions of 
solids in liquids. All salts increase the surface tension and decrease 
the vapour pressure of liquids. An experiment made by the author 
with solutions of sulphur in carbon disulphide gave the following 
results. G is the number of grams of sulphur dissolved in 100 c.c. 
of the liquid, and S is the surface tension at 31°: 


G. 8. G. S. 
0 29-600 20 31°182 
10 30 505 | 30 31°593 


The surface tension is noticeably increased. This fact points to 
the relationship holdirg good for all mixtures. 

It may be remarked, also, that the vapour pressures of solutions 
of aniline, phenol, and isobutyl alcohol in water are considerably 
greater than that of water, and therefore much above the theoreti- 
cal values, whilst their surface tensions were shown in a previous 
paper to be greatly below the theoretical values. Moreover, 
Konovalov (loc. cit.) found that the ratio between the observed and 
calculated vapour pressures of a saturated solution of tsobutyl 
alcohol in water diminished but slightly between 0° and 80°, a 
result in accordance with the rate of change of surface tension with 
temperature of that solution. The vapour pressures of aqueous 
solutions of aniline and phenol over a range of temperatures have 
not yet been found, but from results from measurement of the rate 
of change of surface tension, it is probable that the ratio of the 
observed to the calculated vapour pressure would diminish rapidly 
with rise of temperature. 


UNIVERSITY COLLEGE, 
AUCKLAND, N.Z,. 


XXXI.—The Condensation of Ethyl Glutaconate. 
By Raymonp Curtis and James KENNER. 


Tue formation of aa- and of ay-dimethyl glutaconates by the direct 
methylation of ethyl glutaconate (Henrich, Monatsh., 1899, 20, 
539; Blaise, Compt. rend., 1903, 136, 639) suggested to us the 
possibility that by the interaction of ethylene dibromide and ethyl 
glutaconate in the presence of sodium ethoxide, either a cyclo- 
propane (I) or a cyclopentene (III) derivative, or both of these 
might be obtained. After our experiments in this direction had 
been completed, we discovered that Fecht (Ber., 1907, 40, 3883) 
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had previously studied this reaction, and embodied his results in a 
paper, the title of which would not suggest that such experiments 
might be described in it. This author obtained evidence of the 
formation of the cyclopropane derivative (I) by isolating the ester 
of its reduction product (IT): 


CO, Et ~ 4-00, Et 
pa :CH-CO,Et ~~ in >< oy, -CH,-CO, Et} 
(I.) (II. ) 
CH, .CH-CO, Et 
CH 
CH2'C-CO, Et 
(III.) 


No other compound is mentioned, although it is evident from 
the account given, as well as from a consideration of the experi- 
ments now described, and of those of Blaise (Joc. cit.) on the 
alkylation of ethyl glutaconate, that only a very small amount of 
cyclopropane derivative could have been formed; the fate of the 
major portion of the ethyl glutaconate therefore remained unknown. 

The experiments carried out in the present instance furnished a 
white, crystalline solid, and some oily matter (10 per cent. of the 
yield). The latter, although formed in such small amount, was 
probably similar in its nature to the product obtained by Fecht, 
and has not yet been further investigated. The crystalline com- 
pound gave a blue colour with ferric chloride, and had acidic 
properties (equivalent=316). This, together with its composition, 
pointed to its production from two molecules of ethyl glutaconate 
(mol. wt.=186) by the elimination of the elements of one molecule 
of alcohol, the ethylene dibromide having taken no part in the 
reaction. 

It was then found that the properties of two condensation 
products of ethyl glutaconate, which had already been described, 
were in agreement with those of the compound isolated by us. 
On the one hand, Blaise (loc. cit., Bull. Soc. chim., 1903, [iv], 
29, 1012), by heating an alcoholic solution of ethyl glutaconate 
with sodium ethoxide at 100°, isolated a compound to which he 
assigned the constitution of ethyl glutaconylglutaconate (IV) : 
CH,"CO,Et A CH,"CH-CH-CO,Et __ 

CH:CH-CO,Et CO,Et 
H,——CO-—CH-CH-:CH-CO, Et 
CH:CH:CO,Et CO,Et 
(IV.) 
On the other hand, Pechmann, Bauer, and Obermiller (Ber., 
1904, 37, 2113) showed that ethyl glutaconate undergoes con- 
u 2 
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densation when its ethereal solution is heated with sodium ethoxide. 
From analogy to Pechmann’s work on the formation of ethyl 
a-methyleneglutarate from ethyl acrylate under similar conditions, 
the reaction in the case of ethyl glutaconate was expressed in the 
following manner: 


CO, Et CO,Et 
OH, CO, Et CH, 0, Et 
qo + GH} GH 
CH CH, CH 
O,Et CH,°CO,Et CO,Et CH,*CO,Et 
CO, Et CO, Et 
H; OH, 
CH—C-CO,Et or CH—C-CO,Et 
(i ya EtO,C-CH CH 
O—CH-CO, Et CO—CH, 
(Va.) (Vd.) 


This view as to the course of the reaction received confirmation 
from the oxidation of the compound with bromine and the ultimate 
conversion of the product into 1-hydroxy-2: 4-dicarboxyphenyl- 
acetic acid, but no decision could be reached as to which of the 
alternative formule (Va and Vb) represented the original condensa- 
tion product. 

In spite of some discrepancies between the accounts given of these 
two products, it appeared to us highly probable that they were 
identical with each other and with our product. A repetition of 
the experiments described by Blaise and by Pechmann, respectively, 
was therefore uudertaken in order to decide this point, and to 
examine the outstanding differences. 

It was found that all three substances were identical, for they 
(1) melted at very approximately the same temperature,* and none 
of the compounds depressed the melting points of the others; 
(2) were converted into the same benzene derivative by oxidation 
with bromine; and (3) furnished the same condensation product 
with phenylhydrazine. Further, the condensation takes place in 
accordance with the view of Pechmann and his co-workers, and the 


* The slight differences in melting point are due to traces of other products which 
are difficult to remove. Thus, if a hydrogen atom should migrate from each 
molecule of ethyl glutaconate to the other, in the manner represented by 
Pechmann, a cyclobutane derivative would result, and this appears to be the case 
under certain conditions (compare Pechmann, Ber., 1899, 32, 2301; Gutzeit, Ber., 
1901, 34, 678). Further, Blaise showed that during the methylation of ethyl 
. glutaconate, a portion of the ethyl ‘‘ glutaconylglutaconate” also underwent 
methylation. 
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compound in question was the chief product in the attempted 
condensation of ethyl glutaconate with ethylene dibromide. 

Of the two possible formule (Va and Vb), the latter, which 
represents (in its enolic form) ethyl 2:6-dicarbethoxy-A?*>-cyclo- 
hexadien-5-ol-l-acetate, appears to us the more probable, for the 
following reason. The intermediate compound, being a derivative 
of ethyl glutaconate, will form a sodium salt, from which the 
formation of a condensation product would be expected to take 
place in the following manner: 


CH,-CO, Et CH,CO, Et 

H—C-CO,Et CH-C-CO, Et 
Et0,C-CH, CH 7 — Et0,0°CH CH 
NaOQ(Et0)C:CH CO-CH, 


Accepting this inference, the nomenclature and formule of the 
various derivatives prepared from the condensation product by 
Pechmann and his workers (loc, cit.) require to be amended accord- 
ingly. 

Pechmann and his collaborators were unable to prepare a con- 
densation product of the compound with phenylhydrazine, whilst 
Blaise was undecided as to whether the derivative isolated by him 
was a hydrazone (VI) or a pyrazolone (VII). It has now been 
found that the latter formula is disproved by the inability of the 
compound to enter into salt-formation, and that it is to be looked 
on rather as a hydrazide (VIII) than as a hydrazone, for it is 
easily oxidised in alcoholic solution by mercuric oxide to a red 
azo-compound. 


CH,-CO,Et CH,*CO,Et 
CH CH 
Zs. Ze, 
EtO,C‘CH ‘C-CO,Et CO—CH C-CO,Et 
C,H,NH-N:C CH O,H;N-N:i¢ CH 
‘“/ “ 
GH, CH, 
(VI.) (VIL.) 
CH,*CO, Et 
CH 


oo, 
Et0,0'C €-00,Et 
C,H, NH-NH-C CH 


GH, 
(VIL) 


We found, however, that a pyrazolone derivative was at once 
produced by the action of hydrazine hydrate on the condensation 
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product; the carbethoxy-groups were also attacked, so that the 
resulting compound had the structure IX or X: 


CH,CO-NH:NH, CH,CO-NH-NH, 
CH CH 
Fi Ya 
¢o—CH | C CO-NIi-NH, co—-—C C-CO-NH-NH, 
NH:N:C CH NH:NH'C CH 
\Z \7 
CH, CH, 
(IX.) (X.) 


By hydrolysis with dilute mineral acid, as described by Blaise, 
the original condensation product furnished a monobasic acid, 
C,H,,0,, from which a lactone could be obtained. Although Blaise 
was unable to ascribe a constitutional formula to the product, it 
is evident that its oxidisability by bromine and its easy lactonisation 
find expression in the formula of a cyclohexanone derivative (XI): 


CH,CO,Et fF CH,-CO,H CH,*CO,H 
CH | CH CH 
ZN ZN LN 
Et0,C- gu g C00, Et—> H0,C- CH C(OH)-CO,H —> CH, CH-OH 
0 CH | CO OH, CO CH, 
\Z | rd \Z 
CH, CH, CH, 
(XI.) 


From a consideration of Pechmann’s explanation of the con- 
densation of ethyl glutaconate, it seemed probable that a similar 
condensation could occur to ethyl a-ethyl glutaconate, but not to 
ethyl ay-diethylglutaconate, whilst the view advocated by Blaise 
would permit of both condensations. It was found, however, that, 
unlike ethyl glutaconate, its a-ethyl derivative did not undergo 
condensation under either of the conditions employed by Pechmann 
and by Blaise. An explanation of the difference between ethyl 
glutaconate and its a-substituted derivative may be based on the 
views expressed by Bischoff as a result of his researches on chain 
formation, for it will be evident that if two molecules of ethyl 
a-ethylglutaconate condense in the manner above suggested, there 
will be a much larger number of groups in Bischoff’s critical 1: 5- 
and 1:6-positions than in the case of ethyl glutaconate itself. We 
prefer, however, to place another interpretation on this result ; 
thus, ethyl glutaconate takes part in the initial polymerisation in 
the form of its sodium salt, the constitution of which is expressed 
by the formula XII: 

CO,Et-CH:CH-CH:C(ONa)-OEt 
XII. 
os CO, Et-OEt:CH-CH:C(ONa)-OEt. 
(XIII.) 


bos 
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In this formula the hydrogen atom which migrates during the 
initial polymerisation is shown in heavy type, and it appears prob- 
able that polymerisation would not take place if this atom were 
replaced by an ethyl group, as shown in XIII. If, however, we 
therefore adopt this formula for the sodium salt of the ethyl 
a-ethylglutaconate in question, it follows that the salt-formation 
takes place in the carbethoxy-group of this ester remote from the 
ethyl group, a deduction which is in harmony with the conclusion 
arrived at by Thorpe and Wood (T., 1913, 103, 1754) on other 
grounds. 

Nevertheless, it is worthy of note that the hydrogen atom, the 
mobility of which is responsible for the polymerisation, is different 
from the mobile hydrogen atom of ethyl glutaconate, with which 
the recent work of Thorpe and his collaborators has been con- 
cerned. Pechmann’s reaction is, however, exactly analogous to the 
reaction by which ethyl sodiocyanoacetate condenses with af-un- 
saturated esters, as is evident from the equation representing this 
reaction * (Thorpe, T., 1900, 77, 932): 


CO,Et-CH:CHR + CO,Et-CH:C(ONa)-OEt= 
CO,Et-CH,*CHR-C(CO,Et):C(ONa)-OEt. 


It thus appears that a hydrogen atom attached to an ethylenic 
carbon atom does possess a certain mobility if a negative group be 
also attached to this atom. This mobility is perhaps less marked in 
the case of ethyl glutaconate than in the case of ethyl cyanoacetate, 
for whereas ethyl sodiomethylcyanoacetate takes part in the reaction 
just mentioned, it has already been explained that ethyl a-ethyl- 
glutaconate does not polymerise. 


* It must be observed that this condensation differs essentially from the ordinary 
Michael reaction, in which ethyl sodiomalonate is employed, for in the latter case it 
is the sodium atom, and not the hydrogen atom, that migrates. Thus ethyl sodio- 
methylmalonate and ethyl a-methylacrylate ultimately furnish ay-dimethylglutaric 
acid (Auwers and Kébner, Ber., 1891, 24, 1927), whereas ethyl sodiomethyleyano- 
acetate and ethyl 88-dimethylacrylate yield ethyl y-cyano-a88-trimethylbutyrate 
(Thorpe, Joc, cit.). The contrast between the sodium salts of ethyl malonate and 
ethyl cyanoacetate thus illustrated is not confined to this reaction (compare Thorpe, 
loc. cit.), and suggests that they differ in constitution. It seems probably that ethyl 

OEt 
sodiomalonate is more adequately represented by the formula CH (CO,Et):0C 


(compare Hantzsch’s formula for ethyl sodioacetoacetate, Ber., 1910, 43, 3053). 
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EXPERIMENTAL. 


Interaction of Ethyl Glutaconate, Ethylene Dibroméde, and Sodium 
Ethoxide. 


Ethylene dibromide (6°3 grams) was added to a mixture of ethyl 
glutaconate * (6°2 grams) with a cold solution of sodium (0°8 gram) 
in alcohol (12 c.c.). The mixture remained at the ordinary tem- 
perature for several hours, and was finally heated for four hours 
on the water-bath. The product, isolated in the usual manner, 
consisted of an oil, from which crystals quickly separated. The 
mixture decomposed when the attempt was made to distil it under 
diminished pressure,} and the separation of the solid from the oil 
was therefore accomplished by filtration. By repeated crystallisation 
from methyl alcohol, white needles were obtained, which melted at 
78°5°: 

0°1511 gave 0°3255 CO, and 0°0950 H,O. C=58°76; H=7°05. 

0°1840 required 5°8 c.c. V/10-NaOH. Equivalent=317. 
CgH,0, requires C=58°89; H=6°7 per cent. Equivalent=316. 

The compound was readily soluble in the usual organic solvents, 
and in sodium carbonate solution, less so in sodium hydrogen 
carbonate solution. It gave a deep blue colour with ferric chloride. 
The following table shows the results obtained by a comparison of 
the melting point of the compound with those of the products 
prepared according to the directions respectively of Blaise and of 
Pechmann, Bauer, and Obermiller: 


(1) The above product ... ..... 78°5° 
(2) Blaise’s ah. eackcsie 80—80°5° (Blaise found 78—79°) 
(3) Pechmann’s ,,_......... 78°5—79° (Pechmann found 81—82”) 
Mixture of (1) and (3) ............... 76—79°5° 
ee ty RIC 76—77° 
age: 78—79°. 


The three products are therefore identical, and are to be regarded 
as ethyl 2:6-dicarbethory-A? ‘'-cyclohexadien-5-ol-l1-acetate (see theo- 


retical part). 
The copper salt was prepared by shaking an ethereal solution of 


* Ethyl glutaconate was obtained according to the directions of Blaise (Bull. Soc. 
chim., 1908, [iv], 29, 1012) by the elimination of the elements of water from ethyl 
B-hydroxyglutarate, the reduction product of acetonedicarboxylic acid. With 
regard to the preparation of the latter acid, it may be of value to emphasise the 
necessity of proceeding with its isolation immediately carbon dioxide can be 
detected in the gases evolved from the interaction of fuming sulphuric acid and 
citric acid. This was found to be the case at a very early stage of the heating 
recommended by Pechmann (Ber., 1884, 17, 2543) after the preliminary reaction has 
taken place without the application of external heat. 

t This is in agreement with the experience of Fecht (Joc. cit.). 
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the ester with aqueous copper acetate solution, and remained as 
a brown powder after the green ethereal solution thus obtained 
had been evaporated. It crystallised from alcohol in flat needles, 
melting at 145°. The salt was insoluble in water or cold alcohol, 
moderately so in hot alcohol, and readily so in ether, chloroform, 
or benzene: 

0°4668 gave 0°0502 CuO. Cu=8'97. 

(C,gH,,0,),Cu requires Cu=8°91 per cent. 

The phenylhydrazide resulted when the ester (5 grams) was 
heated at 100° for fifteen minutes with phenylhydrazine (2 grams) 
and glacial acetic acid (12 drops). The mixture solidified when 
it was stirred with alcohol, and after crystallisation from this 
solvent, truncated hexagonal pyramids were obtained, which melted 
at 130° (Blaise gives 126—127°). 

Blaise experienced difficulty in the analysis of this compound 
owing to the formation of carbon monoxide, but we were unable 
to detect this gas by the use of palladium chloride solution in the 
course of the analyses quoted below, and no diminution in the 
volume of nitrogen obtained was observed when it was left in 
contact with cuprous chloride solution: 

0°1612 gave 0°3746 CO, and 0°1013 H,O. C=63°37; H=5°66. 

071540 ,, 0°3605 CO, ,, 0°0924 H,O. C=63°85; H=5°94. 

0°2859 =, 17°2 cc. Ng at 17° and 735 mm. N=6°88. 

CosHg0,N, requires C=63°46; H=5'98; N=6°73 per cent. 

The compound was insoluble in alkali, and underwent oxidation 
when its alcoholic solution was warmed with yellow mercuric oxide, 
a red azo-compound being produced. This behaviour shows the 
compound to be a hydrazide and not a hydrazone (compare 
Dieckmann, Annalen, 1901, 317, 60). 


Interaction of Ethyl 2:6-Dicarbethory-A?‘5-cyclohexadien-5-ol-1- 
acetate and Hydrazine Hydrate. 


The addition of hydrazine hydrate (5 grams) to an. alcoholic 
solution of the ester (5 grams) caused the gradual separation of a 
white compound at the ordinary temperature, and the reaction was 
complete after a very short time at 100°. After being dried on 
porous earthenware, the product melted sharply at 205—206°: 


0°2049 gave 0°3020 CO, and 071143 H,O. C=40°30; H=6°24. 

0°0868 ,, 29°2 c.c. N, at 19° and 729mm. N=37°79. 
C19H,,O3Ne,N,H, requires C=40°27; H=6:04; N=37°58 per cent. 

The product was therefore a hydrazine salt of a pyrazolone 
derivative, C,j)H,,0O,;N,. It was insoluble in alcohol, benzene, or 
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chloroform, but readily soluble in water, alkali, or dilute acid. It 
lost hydrazine only slowly at 100°, being converted into the yellow 
pyrazolone derivative. A yellowish-white silver salt separated when 
silver nitrate was added to an aqueous solution of the compound, 
rendered just acid with nitric acid. It was, however, unstable, 
and gradually underwent decomposition and reduction to a violet, 
and ultimately to a black mass. 

The copper salt, prepared in a similar manner by the use of 
copper acetate, was sufficiently stable to permit of its analysis: 

0°3924 gave 0°1164 CuO. Cu=23°7. 

C,)H,;.0,N,Cu requires Cu =23°9 per cent. 


Hydrolysis of Ethyl 2:6-Dicarbethoxy-A? :>-cyclohexadien-5-ol-1- 
acetate. 


(1) A specimen of the ester, prepared according to Blaise’s 
directions, was treated with potassium hydroxide under the con- 
ditions described by him. The diethyl ester thus obtained melted 
at 110—112° (Pechmann gives 112—113°, Blaise 98—99°). The 
monoethyl ester melted and decomposed at 167° (Pechmann gives 
157°, Blaise 178°). 

(2) A specimen of the ester, prepared according to Pechmann’s 
directions, was hydrolysed with 10 per cent. sulphuric acid under 
the conditions described by Blaise. The product melted at 66°, 
and agreed in its properties with the account given by Blaise. 
Further, it was oxidised by bromine in chloroform solution. 


Oxidation of Ethyl 2:6-Dicarbethoxy-A**-cyclohexadien-5-ol-1- 
acetate. 


The ester, prepared according to the directions of Blaise, was 
treated with bromine in chloroform solution (Pechmann, Bauer, 
and Obermiller, Joc. cit.), whereupon ethyl 1-hydroxy-2: 4-dicarb- 
ethoxyphenylacetate (m. p. 30—81°) was obtained. It furnished a 
tribasic acid (m. p. 249—250°) on hydrolysis (Pechmann gives 
250—255°) (Found, C=49°95 ; H=3'40. C,,H,O, requires C=50°00; 
H=3'33 per cent.). 


THE UNIVERSITY, 
SHEFFIELD, 
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XXXII.— The Influence of Colloids and Fine Suspensions 
on the Solubility of Gases in Water. Part IV. 
Solubility of Nitrous Oxide at Pressures Lower 
than Atmospheric. 


By ALEXANDER FinpLay and Owren Ruys Howe tt (University 
Student in Chemistry). 


In previous communications have been given the values of the 
solubility of carbon dioxide in water in presence of colloids at 
pressures varying from about 250 up to about 1400 mm. of 
mercury; as also the solubility of nitrous oxide under pressures 
varying from 750 to 1400 mm. (T., 1910, 97, 536; 1912, 101, 
1459; 1913, 103, 636). In the present communication we complete 
the series by giving the values of the solubility of nitrous oxide 
under pressures lower than atmospheric. In order to be able to 
combine these results more satisfactorily with those previously 
obtained by Findlay and Creighton (T., 1910, 97, 536), the 
solubility determinations were extended up to pressures of about 
1000 mm. 

The apparatus employed and the general method of working 
were as described by Findlay and Williams (T., 1913, 103, 636). 
The nitrous oxide was prepared by heating carefully purified 
ammonium nitrate, as described by Findlay and Creighton 
(Joc. cit.). 

Solubility Determinations. 
(a) Water. 


The following values were obtained for the solubility of the 
nitrous oxide: 


TABLE I. 


Solubility of Nitrous Oxide in Water. 


Pressure .........c00- 282-5 396-1 562-9 664-5 789-3 1027-5 
Solubility —............ 0-585 0-585 0-584 0-585 0-585 0-585 

Pressure ........c000. 272-8 393-2 548-6 652-4 751-0 1021-7 
Solubility ............ 0-585 0-585 0-585 0-585 0-585 0-586 


As mean value of the solubility, therefore, we obtain 0°585, a 
number somewhat lower than that obtained by Geffcken (Zeztsch. 
physikal. Chem., 1904, 49, 298), namely, 0°5992, or that obtained 
by Findlay and Creighton (loc. cit.), 0°592. 


° 
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(b) Ferric Hydroxide Solution. 
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The ferric hydroxide solution was prepared by the method of 
A. A. Noyes (J. Amer. Chem. Soc., 1905, 37, 94). It was freed 
from salts by dialysis, and rendered air-free by boiling under 
diminished pressure. The values of the solubility are contained in 


table II (compare Fig. 1). 


Fie. 1. 
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0°510 — Top? 
0-500 . -o 
0-490 
250 350 450 550 650. 750 850 950 105 


Pressure in mm. Hg. 


Nitrous oxide and ferric hydroxide (— - —). 
Nitrous oxide and dextrin (——). 
Taste II. 


Solubility of Nitrous Oxide in Ferric Hydroxide Solutions. 
Concentration: 0°43 gram of Fe(OH), in 100 c.c. of solution. 


POURS  .c isivisccccce 291-2 
Solubility........... . 0-594 
OND a cccirrcccccs 279-4 
Solubility ............ 0-594 


Density = 1-001. 


409-1 574-7 
0-594 0-591 
402-1 561-4 
0-592 0-591 


648-5 
0-589 


668-9 
0-588 


767-5 1029-8 
0-583 0-580 
785-9 1043-7 
0-583 0-580 


Concentration: 0°92 gram of Fe(OH), in 100 c.c. of solution. 


IED: 6 cvasaccenses 287-0 
Solubility ............ 0-589 
PROROUEO 6ccccccccccee 283-0 
Solubility ............ 0-590 


Density = 1°003. 


415-0 571-6 
0-587 0-584 
408-5 564-6 
0-586 0-584 


681-4 
0-582 


645-5 
0-582 


787-9 1054-6 
0-578 0-576 
776-0 1026-7 
0-579 0-574 


> 
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TaBLe IT (continued). 


Concentration: 3°82 gram of Fe(OH), in 100 c.c. of solution. 
Density = 1°027. 


Pressure ......00.000. 256-1 372-9 543-7 633-6 764-8 1014-3 
Solubility ............ 0-583 0-581 0-580 0-577 0-572 0-568 
Pressure .......0ceee8 247-9 363-3 524-4 646-4 747-9 987-3 
Solubility ............ 0-583 0-582 0-579 0-576 0-573 0-568 


(c) Dezxtrin. 


Kahlbaum’s purest dextrin was employed. The concentration 
of the solutions was determined by evaporating to dryness, and 
weighing the residue after drying in the steam-oven. The solu- 
bility values are given in table III (compare Fig. 1). 


; Tasie III. 
Solubility of Nitrous Oxide in Dextrin Solutions. 
Concentration: 6°82 grams of dextrin in 100 c.c. of solution. 
Density =1°019. 


PEORTUTO occcccccscces 281-5 407-1 565-1 673-1 819-1 1004-5 
Solubility ............ 0-557 0-550 0-542 0-542 0-547 0-554 


Concentration: 6°70 grams of dextrin in 100 c.c. of solution. 
Density =1°019. 


PLeSSUTC .....cecceeee 284-3 407-8 560-7 664-7 773-1 980-6 
Solubility ............ 0-555 0-550 0-544 0-544 0-546 0-554 


Concentration: 12°41 grams of dextrin in 100 c.c. of solution. 
Density = 1°037. 


PEOMMEO vcccssscsscce 283-8 407-7 574-8 660-5 785-7 985-0 
Solubility ............ 0-537 0-532 0-526 0-527 0-526 0-534 


Concentration: 12°50 grams of dextrin in 100 c.c. of solution. 
Density = 1°037. 


PresSUre ....+eeeeees . 281-6 416-3 577-1 671-7 774-0 971-4 
Solubility .........00. 0-535 0-530 0-526 0-526 0-524. 0-532 


Concentration: 19°24 grams of dextrin in 100 c.c. of solution. 
Density = 1°060. 


Pressure .....seeeeeee 293-0 421-5 598-7 695-5 799-3 997-5 
Solubility ............ 0-515 0-510 0-504 0-501 0-500 0-506 


Se EARNER He in masif cthesr Z 
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TABLE IIT (continued). 


Concentration: 19°31 grams of dextrin in 100 c.c. of solution. 
Density = 1°060. 


PreGBUPC 2 cccccccccces 288-2 413-4 569-2 646-0 777-0 996.2 
Solubility ............ 0-516 0-510 0-504 0-502 0-500 0-506 
(d) Starch. 


Kahlbaum’s pure soluble starch employed for the determina- 
tions, The solubility values are given in table IV (compare 
Fig. 2). 


Fic. 2. 
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0°580 - 4 
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250 350 450 550 650 750 850 950 1050 
Pressure in mm, Hg. 


Nitrous oxide and egg albumen (— - —). 
Nitrous oxide and starch (——). 
TaBLeE IV. 

Solubility of Nitrous Oxide in Starch Solutions. 
Concentration: 6°76 grams of starch in 100 c.c. of solution. 
Density = 1°023. 

Pressure ............- 285-2 415-0 566-7 657-5 770-3 1054-0 
Solubility ..........+. 0-565 0-563 0-560 0-560 0-553 0-550 


Concentration: 6°70 grams of starch in 106 c.c. of solution. 
Density = 1°023. 


Pressure ceccseeseees . 263-6 370-5 524-7 646-6 750-6 997-5 
Solubility ..........++ 0-566 0-563 0-561 0-558 0-554 0-549 


Concentration: 9°58 grams of starch in 100 c.c. of solution. 
Density = 1°030. 


PreSSUTC 2 ..eseseeeeee 267-6 373-7 504-8 627-7 747-1 1024-0 
Solubility ....... sevee 0-554 0-551 0-549 0-546 0-541 0-539 


ON THE SOLUBILITY OF GASES IN WATER. PART IV. 295 


TaBLe IV (continued). 
Concentration: 9°40 grams of starch in 100 c.c. of solution. 
Density = 1°029. 
Pressure .....ccccceee 290-5 416-5 576-8 659-0 775-8 1003-6 
Solubility ............ 0-551 0-550 0-548 0-543 0-540 0-537 


Concentration: 13°62 grams of starch in 100 c.c. of solution, 
Density = 1°039. 


PLeSSUTE ....ccecceees 284-3 418-4 614-8 703-2 843-0 
Solubility ............ 0-541 0-537 0-535 0-532 0-528 


Concentration: 13°60 grams of starch in 100 c.c. of solution. 
Density = 1°039. 


Pressure ......0000000 263-8 378-6 496-9 624-0 755-1 973-5 
Solubility ............ 0-541 0-539 0-536 0-534 0-530 0-525 
(e) Gelatin. 

In these experiments French gelatin, free from salts, was 
employed. 
TABLE V, 
Solubility of Nitrous Oxide in Solutions of Gelatin (see 
also Fig. 3). 


Concentration: 1°45 grams of gelatin in 100 c.c. of solution. 
Density = 1°000. 


PresSSure .....ccccccee 256-5 372-2 530-5 623-9 755-0 1009-6 
Sobability ....0cc00000 0-582 0-581 0-577 0-575 0-579 0-581 
Pressure .......ccccee 260-9 379-4 542-5 646-5 763-4 1032-1 
Solubility ........... . 0-581 0-582 0-575 0-577 0-579 0-579 


Concentration: 3°12 grams of gelatin in 100 c.c. of solution. 
Density = 1°004. 
Pressure .......+00000 251-5 367-3 530-3 632-4 750-7 1000-0 
Solubility ........... 0-577 0-576 0-568 0569 0-572 0-576 


Concentration: 3°16 grams of gelatin in 100 c.c. of solution. 
Density = 1°004. 
PRCRBOEO: 6cscccccsscee 287-8 414-5 569-2 658-5 796-3 1054-0 
Solubility ............ 0-577 0-574 0-570 0-570 0-572 0-576 


Concentration: 6°10 grams of gelatin in 100 c.c. of solution. 
Density = 1°008. 


Pressure .........000 257-7 381-0 546-4 637-4 762-9 1029-9 
Solubility ..... eeeseee 0-556 0-556 0-548 0-546 0-550 0-557 
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TaBLE V (continwed). 


Concentration: 6°14 grams of gelatin in 100 c.c. of solution. 
Density = 1°008. 


PreSSUFe ......0.00008 259-0 380-6 546-5 639-8 759-6 
Solubility ............ 0-556 0-555 0-548 0-546 0-550 


(f) Egg-albumen. 


Commercial egg-albumen was employed. This was treated with 
water, and the solution, after filtration, submitted to dialysis. 


Fie. 3. 
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TaBLe VI. 
Solubility of Nitrous Oxide in Solutions of Egg-albumen (see 
also Fig. 2). 


Concentration: 0°38 gram of egg-albumen in 100 c.c. of solution. 
Density = 0°998. 


Pressure ......eeseeee 248-7 361-3 530-7 633-7 755-7 996-2 
Solubility ............ 0-572 0-573 0-573 0-572 0-570 0-571 
Ce 262-1 370-5 537-3 634-5 733-5 915-0 
Solubility ............ 0-572 0-573 0-573 0-572 0-571 0-568 


Concentration: 0°62 gram of egg-albumen in 100 c.c. of solution. 
Density = 1°000. 


ers 254-1 380-0 453-5 644-5 762-5 1020-5 
Solubility ............ 0-568 0-569 0-568 0-567 0-565 0-571 


— 


a 


nae 
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(g) Silicie Acid. 


Pure silica was dissolved in potassium hydroxide solution, and 
the clear solution poured into excess of hydrochleric acid. The 
mixture was then submitted to dialysis until free from chloride. 
The concentration is expressed in terms of SiO.. 


TaBLeE VII. 
Solubility of Nitrous Oxide in Solutions of Silicie Acid (see 
also Fig. 3). 
Concentration: 1°62 grams of SiO, in 100 c.c. of solution. 
Density = 1°000. 


PYOGRUPO 4..0.000005009 254-9 369-1 536-8 664-0 764-8 1007-1 
Solubility ............ ~ 0-590 0-587 0-589 0-589 0-588 0-592 
PYOGPEO ..ccscccnsces 255-1 370-4 537-6 676-0 765-4 1025-6 
Solubility ............ 0-594 0-591 0-589 0-588 0-588 0-591 


Concentration: 3°50 grams of SiO, in 100 c.c. of solution. 
Density = 1°004. 


Pressure .........000- 250-2 375-2 546-5 687-5 758-7 1033-7 
Solubility ............ 0-600 0-595 0-594 0-593 0-594 0-598 
Pressure ..........00. 250-1 376-5 557-2 653-6 757-6 1004-0 
Solubility ............ 0-596 0-595 0-593 0-594 0-595 0-598 


(h) Suspensions of Silica and of Charcoal. 


For these experiments finely-powdered silica and animal charcoal 
were employed. The charcoal was boiled with water, and then, 
after being dried at 100°, was heated in a vacuum almost to 
redness. 

The solubilities obtained with suspensions of silica did not differ 
appreciably from those in pure water. With charcoal the following 
values were obtained (see also Fig. 4) : 


Concentration: 3°0 grams of charcoal in 100 c.c. of water. 


Pressure ........e0005 252-6 366-8 527-7 626-6 749-8 989-5 
Solubility ............ 0-580 0-586 0-587 0-588 0-588 0-609 
PYLeOSSUPC ...cceeeeeeee 255-3 374-3 545-3 639-0 760-3 1001°3 
Solubility ............ 0-583 0-581 0-586 0-591 0-588 0-610 


Discussion of Results. 


The solubility values which have now been obtained fit in 
exceedingly well with the values obtained at higher pressures by 
Findlay and Creighton (/oc. cit.) if one allows for the slight 
difference in the value for the solubility in pure water. Since the 

VOL. CV. x 
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solubility values recorded here were carried out up to pressures 
of about 1000 mm. of mercury, whilst the pressures under which 
the experiments of Findlay and Creighton were carried out varied 
from about 750 mm. upwards, the two sets of solubility curves 
overlap over a considerable range; and we have found that over 
this range the two sets of curves are parallel with one another in 
the case of any particular solution. The two sets of experiments, 
therefore, mutually confirm each other. 

Although it is hoped to discuss more generally at a later time 
the general question of the solubility curves obtained in the case 
of carbon dioxide and nitrous oxide, it may be mentioned here 
that an examination of the solubility curves for nitrous oxide as 
obtained by the present authors and, previously, by Findlay and 
Creighton, reveals a remarkable uniformity in general behaviour. 
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Nitrous oxide and charcoal (— - —). 
Nitrous oxide and silica (——). 
On considering the solubility curve for pressures varying from 
about 250 to 1400 mm. of mercury, it is found that in every case 
the curve exhibits a minimum, which is rather shallow indeed in 
the case of solutions of silicic acid, but is very well marked in 
most of the other cases, for example, in the case of solutions of 
gelatin, dextrin, and ferric hydroxide. Even in the case of 
solutions of starch we have found that the solubility of nitrous 
oxide passes through a quite distinct minimum value, although it is 
remarkable that no such behaviour was met with in the solubility 
of carbon dioxide in starch solutions (Findlay and Williams, 
loc. cit.). Aithough we have no reason to doubt the accuracy of 
any of the determinations, this somewhat exceptional behaviour, 
as it appears, of carbon dioxide in starch solutions makes it neces- 
sary for us to study more fully that particular case. 
THE Epwarp DAviEs CHEMICAL LABORATORIES, 
UNIVERSITy OF WALES, 
ABERYSTWYTH. 
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XXXIII.—The Hydrolysis of Mixed Secondary Amides 
by Alkalis. 


By ArtHur WatsH TITHERLEY and LronarD Srusss. 


Tue hydrolysis of mixed secondary amides of the type 
R:CO-NH-COR’, which takes place readily under the influence of 
alkalis, in the first stage may conceivably follow two courses, giving 
either the acid, R-CO,H, and amide, R/*CO-NH,, or the acid, 
R/CO,H, and amide, R-CO-NH,. In previous communications by 
one of the authors it has been noted that the hydrolysis of certain 
mixed secondary amides proceeds exclusively in one of the alternative 
directions. Thus, s-dibenzo-oxamide (Titherley, T., 1904, 85, 1681) 
yields oxalic acid and benzamide, and not (as might be expected 
from the stability of oxamide) benzoic acid and oxamide. Similarly, 
acetobenzamide yields only acetic acid and benzamide, if care is 
taken to avoid secondary hydrolysis of the latter, and it would 
appear likely that aliphatic-aromatic secondary amides in general 
decompose under the influence of alkali into the corresponding 
aliphatic acid and aromatic amide exclusively, or virtually so. This 
type of hydrolysis is of interest as bearing on the ring-rupture of 
cyclic secondary amides of the purine group, and on the position 
taken up by the mobile hydrogen atom in such pseudo-acids when 
it is replaced by sodium. Itis probable that the sodium compounds 
of secondary amides contain the unsaturated grouping CO-N:C-ONa, 
and that their more or less ready hydrolysis in aqueous solution is 
to be referred to the doubly linked C:N pair. If this is so, the 
preferential decomposition yielding aliphatic acid and aromatic 
amide, in mixed secondary amides of the type R-CO-NH-:COR/ 
(when R-CO: is an aliphatic acyl and R/-CO: is an aromatic acyl 
group) could be explained by assuming that the sodium compounds 
are derived from the tautomeric form R:C(OH):N-COR’ exclu- 
sively. On this assumption hydrolysis is preceded by water-addition 
at the double link, as it probably is with amidines and all com- 
pounds containing the C:N-linking, and formation of the unstable 
dihydroxy-derivative, R-C(OH),-NH°COR’, which immediately 
decomposes into the aliphatic acid, R°-CO,H-, and aromatic amide, 
R’/-CO-NH,. The extreme ease with which most secondary amides 
suffer hydrolysis by alkali, as compared with simple amides, 
R-CO:NH,, and their general similarity to amidines and imino- 
ethers in hydrolytic sensitivity, renders the above mechanism very 
probable. On the other hand, it is not clear why the mobile 
hydrogen atom in the tautomeric form should migrate exclusively 
to one of the two oxygen atoms, and it would appear that steric 


; 
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influence must also be at work in favouring preferential fission. 
If this is the case, it would seem that the velocity of water-addition 
at the double link in the form R-C(OH):N-COR’ must be so much 
greater than in the form R-CO-N:C(OH)R’ (where R’ is the larger 
aromatic group) that practically no hydrolysis of the latter form 
occurs. This supposition is confirmed by the observation of the 
authors (see curve, p. 306) that the velocity of alkaline hydrolysis 
of diacetamide, acetobenzamide, and acetylearbamide is very much 
greater than that of dibenzamide and other purely aromatic amides ; 
and further confirmation is found in the fact that benzo-o-toluamide 
suffers fission in one direction exclusively, as described below 
(p. 301), whilst the para-isomeride decomposes in both possible 
directions. 

It would seem therefore that whilst there are good reasons for 
believing that the mechanism of hydrolysis is one involving addition 
of water at the unsaturated C:N pair, the fact that in the above 
cases the hydrolysis follows one course exclusively cannot be inter- 
preted as indicating the exclusive intermediate production of one 
tautomeric form. It is possible and probable that both sodium 
compounds, (I) R°-C(ONa):N-COR’ and (II) R-CO-N:C(ONa)R’, 
are formed, in equilibrium, when the secondary amide, 
R:CO-NH:-COR’, is treated with aqueous sodium hydroxide, but 
that, owing to the vastly greater rate of hydrolysis of (I), the 
quilibrium is constantly disturbed as it is decomposed into the 
acid R:CO,H and amide R’/-CO-NH,; and the amount of acid 
R’-CO,H and amide R-CO-NH, formed would be thus too small 
for detection. , 

In order to obtain further evidence as to the nature of the 
hydrolysis with mixed secondary aromatic amides, the case of benzo- 
o-toluamide and benzo-ptoluamide has been closely studied; and 
since each of the mixed secondary amides showed some evidence of 
appearing in two desmotropic forms, attempts were also made to 
isolate the latter, but without success. 

Two methods of synthesis were adopted. The first, a modification 
of the method of Titherley (T., 1904, 85, 1673), was by condensation 
of phenyl benzoate with the sodium derivatives of o- and ptoluamide 
respectively : 

C,;H,Me-CO-NHNa+ Ph:CO,Ph — 
C,H,;Me-CO-NH-COPh + Ph:ONa. 

This method, however, gave poor results, owing to the occurrence 
of secondary reactions leading (by a process analogous to double 
decomposition) to the formation of dibenzamide and ditoluamide ; 
and it was found to be practically impossible to eliminate these 
impurities. 
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The second method, which was entirely satisfactory, was based 
on the cautious hydrolysis of the acylamidines obtained in the 
condensation between benzamidine and phenyl o- and p-toluates 
respectively by the method of Titherley and Hughes (T., 1911, 
99, 1505), thus: 

(1) NH:CPh:NH, + C,H,Me-:CO,Ph —> 
NH:CPh:NH:CO-C,H,Me + Ph:OH. 
(2) NH:CPh:NH-CO-C,H,Me + H,O —> 
COPh:NH-CO-C,H,Me + NHs3. 

Excellent yields of pure benzo-o- and -p-toluamides were obtained 
in each case. 

In studying the products of hydrolysis of benzo-o-toluamide and 
benzo-p-toluamide, advantage was taken of the fact that in the 
presence of aqueous sodium hydroxide the hydrolysis to amide and 
acid is complete within from three to four days at laboratory tem- 
peratures or within a few minutes at 90°; and under these con- 
ditions the further hydrolysis of amide was almost completely 
avoided. No fundamental difference between the effect of cold 
and hot alkaline hydrolysis was observed, in the proportions of 
the resulting products. This important difference in the behaviour 
of the two isomerides was established, however, that whilst benzo- 
p-toluamide suffers fission under the influence of hot aqueous alkali 
in both possible ways to a roughly equal extent (and in the cold 
to a larger extent yielding ptoluamide and benzoic acid), benzo- 
o-toluamide suffers fission exclusively in one direction (at 15° or 
90°), yielding o-toluamide and benzoic acid. In no case could 
benzamide be isolated from the products of hydrolysis. As the 
rates of hydrolysis of benzo-o-toluamide and benzo-p-toluamide under 
the same conditions are practically equal, and also the same as that 
of dibenzamide (see curve, p. 306), it would seem that steric 
hindrance must be responsible for this preferential fission of the 
ortho-derivative into o-toluamide and benzoic acid, since in the 
equilibrium : 

ee =— Ph:CO:'N:C(ONa)-C,H,Me 
(II.) 
the rate of hydrolysis of II would be relatively very low, whilst that 
of I, which is much higher and governs the entire decomposition, 
would be virtually the same as that of dibenzamide or of benzo- 
p-toluamide in its two forms (corresponding with I and II). 

From a general consideration of the facts established with 
reference to the rate and direction of hydrolysis of secondary amides 
by alkali, it would appear that two factors are at work, namely, 
(1) the additive affinity (for water) of the tautomeric grouping 
*N:C(ONa)R, which is dependent on the nature of the group R, 
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as well as of that united to the nitrogen atom; and (2) the steric 
influence, more particularly of the group R, and to a less degree 
of the other (acyl) group united to the nitrogen atom. 


EXPERIMENTAL. 
Benzo-o-toluamide, CsH;*CO*-NH:-CO-C,H,Me. 


(1) Preparation from Benzamidine.—Phenyl o-toluate (requisite 
in the synthesis, and apparently not previously described) was 
obtained by heating 13°6 grams of o-toluic acid, 15 grams of 
phosphoryl chloride, and 9 grams of phenol for four hours at 75°. 
The resulting red oil, after cooling, was shaken with 10 per cent. 
sodium hydroxide, and the oil extracted by ether. A_ nearly 
theoretical yield (20 grams) of phenyl o-toluate was obtained (dis- 
coloured), which distilled unchanged at 306°/754 mm. as a faintly 
yellow liquid, which did not solidify on cooling or long keeping. 
The product obtained by the action of o-toluoyl chloride on phenol 
and alkali had similar properties, and did not crystallise. 


o-Toluoylbenzamidine, C,H;*C(-NH)*NH-CO-C,H,Me. 


This compound was obtained readily by the condensation of 
phenyl o-toluate (10 grams) and benzamidine (6 grams, freshly pre- 
pared from the hydrochloride) in alcoholic solution, the mixture 
being heated at 50° for five hours. Most of the alcohol was then 
removed by evaporation and the residue treated in the cold with 
water and dilute hydrochloric acid. In this way the o-toluoyl- 
benzamidine was brought into solution and removed from the small 
quantity of unchanged pheny] o-toluate. The aqueous acid solution 
was then rendered alkaline, in the cold, with excess of aqueous 
sodium hydroxide, when the amidine derivative was precipitated as 
a colourless oil, which solidified after some time. The yield was 
5 grams (theory required 11°9 grams), and after recrystallisation 
from light petroleum the compound was obtained in long, trans- 
parent plates, melting at 122°: 

0°4646, by Kjeldahl’s method, required 386 cc. W/10-HCl. 

N=11°63. 
C,;H,,ON, requires N=11°76 per cent. 
o-Toluoylbenzamidine is readily soluble in alcohol, chloroform, or 
acetone, and insoluble in cold water. It is basic, and dissolves in 
cold dilute hydrochloric acid without decomposition, but, on heating, 
slow hydrolysis takes place with formation of ammonia and benzo- 
o-toluamide, which was obtained in quantity as follows. 

Ten grams of o-toluoylbenzamidine were dissolved in 850 c.c. of 

N/10-hydrochloric acid (2 mols.), and the solution was heated at 
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70°. After thirty minutes the solution became milky as the 
secondary amide began to separate, and after three and a-half hours, 
when the hydrolysis was complete, it had collected as a mass of 
fine, colourless needles (10 grams), the yield being theoretical. It 
was practically pure, and after recrystallisation from 50 per cent. 
aqueous alcohol was obtained in long, silky needles, melting at 
158—159° : 

0°4666, by Kjeldahi’s method, required 19°9 c.c. V/10-HCI. 

N=5'97. 
C,;H,,0.N requires N=5°86 per cent. 


Benzo-o-toluamide is moderately readily soluble in alcohol, 
sparingly so in benzene, and practically insoluble in ether or light 
petroleum. It dissolves at once in aqueous sodium hydroxide, and 
is precipitated unchanged by acids, but the alkaline solution is 
readily decomposed on keeping or heating (p. 308). 

(2) Preparation from o-Toluamide.—An intimate mixture of 6°8 
grams of o-toluamide and 2 grams of sodamide, both previously 
finely powdered, was moistened with benzene and heated in a reflux 
apparatus, in a bath the temperature of which was gradually raised 
to 120°. After three hours, when no more ammonia was evolved, 
the resulting white solid (sodium o-toluamide) was covered with 
benzene and treated with a solution of 10 grams of phenyl benzoate, 
dissolved in the least quantity of benzene. After heating the 
mixture to boiling for two hours, the benzene was distilled off, the 
solid residue treated with ice-cold water, and the last traces of 
benzene removed by a current of air. The discoloured mixture 
containing benzo-o-toluamide and its sodium compound, partly 
dissolved and partly in the solid state, was filtered, and the filtrate 
acidified at 0° with 30 per cent. acetic acid. The solid residue was 
repeatedly extracted with ice-cold aqueous sodium hydroxide, and 
the filtrates immediately acidified. The combined precipitates, 
obtained by acidification, which were oily at first, solidified quickly 
at 0°, and after remaining for thirty minutes were collected and 
washed (11 grams). The solid (crude benzo-o-toluamide) was puri- 
fied, first by dissolving in sodium hydroxide, and, after filtering, 
acidifying with acetic acid, and subsequently by repeated re- 
crystallisation from 50 per cent. alcohol. It was thus obtained 
in colourless, silky needles, melting indefinitely at 147°: 


0°4122, by Kjeldahl’s method, required 17°6 c.c. V/10-HCI. 
N=5'98. 
C,;H,,0.N requires N =5°86 per cent. 
The’ persistently low melting point at first led the authors to 
suppose that the product was an isomeride of that obtained by the 
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amidine method (p. 303), but since no differences in properties 
could be detected, and since the melting point was not depressed by 
admixture with the pure substance (m. p. 158°), there can be no 
doubt that the product melting at 147° is benzo-otoluamide with 
a little isomorphous impurity (probably dibenzamide), which cannot 
be removed by recrystallisation. 


Benzo-p-toluamide, CsH;*CO*-NH:CO-C,H,Me. 


This compound has been described previously by Wheeler, 
Johnson, and McFarland (J. Amer. Chem. Soc., 1903, 25, 787), and 
Titherley and Holden (T., 1912, 101, 1877, 1887). It was obtained 
easily by the following new method of synthesis. 

Preparation from Benzamidine.—The phenyl p-toluate, requisite 
for the synthesis, described by Kraut (Jahresber., 1858, 406) as a 
solid, melting at 71—72°, was prepared from p-toluoyl chloride and 
phenol by the Schotten-Baumann method (m. p. 72°), but a better 
method was as follows. 

13°6 Grams of p-toluic acid, 15 grams of pure phosphoryl chloride, 
and 9 grams of phenol were heated at 75° for four hours. The 
resulting red liquid, after cooling and digesting with aqueous 
sodium hydroxide, solidified, and the red colour was removed by 
further digesting. The ester (22 grams) separates from hot alcohol 
as a white, crystalline powder, melting at 76°. After repeated 
recrystallisation from alcohol the pure ester melts at 83°. 


p-Toluoylbenzamidine, C,H;*C(:NH)*NH-CO-C,H,Me. 


Benzamidine (3 grams), freshly prepared from its hydrochloride, 
and phenyl p-toluate (5 grams) in alcohol (10 c.c.) were heated for 
five hours at 50°; the alcohol was then mostly evaporated off, and 
the residual oil, after cooling, shaken with dilute hydrochloric acid. 
In most cases the oil (crude ptoluoylbenzamidine) completely dis- 
solved, but sometimes a little unchanged phenyl p-toluate remained 
and was filtered off. The acid solution was immediately rendered 
alkaline in the cold by sodium hydroxide, in order to liberate the 
free base, which separated as a milky oil, and crystallised after 
several hours (8°5 grams). From light petroleum it separated as a 
mass of fine, silky, white needles, melting at 111°: 

0°4604, by Kjeldahl’s method, required 38°8 c.c. V/10-HCI. 

N =11°80 
C,;H,,ON, requires N=11'76 per cent. 
p-Toluoylbenzamidine is fairly readily soluble in alcohol, ether, 
chloroform, or acetone. It dissolves at once in concentrated hydro- 
chloric acid, and the solution, if containing excess of acid, quickly 
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deposits a voluminous, microcrystalline precipitate of the hydro- 
chloride (m. p. 218°), which is readily soluble in water, moderately 
so in alcohol or chloroform, but very sparingly so in acetone. 

On heating the hydrochloride with aqueous hydrochloric acid, 
slow hydrolysis takes place with the formation of ammonia and 
benzo-p-toluamide, which was prepared thus. Four grams of 
p-toluoylbenzamide were dissolved in 370 c.c. of WV /10-hydrochloric 
acid (2 mols.), and the solution was heated at 70° for two hours. 
After about thirty minutes, the solution became milky as the 
secondary amide began to separate, and this finally collected as a 
mass of colourless needles, weighing 3°5 grams (theoretical yield, 
4 grams). 

After recrystallisation from dilute alcohol, the benzo-p-toluamide 
melted at 118°, and repeated recrystallisation only raised the melting 
point to 119° (Found, N=5°88. C,;H,,0,N requires N=5°86 per 
cent.). The product was identical with that obtained by Titherley 
and Holden (m. p. 114°, loc. cit.), and by Wheeler, Johnson, and 
McFarland (m. p. 112—113°, Joc. cit.) by the converse method from 
benzoyl-p-tolylamidine, CsH,Me-C(:NH}:NH:COPh, by acid hydro- 
lysis. When prepared direct from sodium p-toluamide by the action 
of phenyl benzoate, by a method similar to that (p. 303) used in the 
corresponding synthesis of benzo-o-toluamide, a much lower yield 
(30 per cent.) was obtained, and in spite of repeated recrystallisation 
a pure product could not be obtained. The appearance of the 
compound was different (pearly flakes), and the melting point higher 
(varying with different samples between 125° and 130°) than that 
obtained by the amidine synthesis, but correct figures were obtained 
on analysis. It was at first believed to be a definite isomeric 
compound, but from an exhaustive examination of its properties 
and the products it yields on hydrolysis by alkali, the authors 
conclude that the substance is a solid solution consisting of benzo- 
p-toluamide, di-ptoluamide, and dibenzamide, which cannot be 
separated by fractional crystallisation. 


Hydrolysis of Secondary Amides by Alkalis. 


The study of the initial products of hydrolysis of secondary 
amides by aqueous alkali was rendered easy by the fact that the 
first stage leading to acid and primary amide is very sharply 
defined, and is complete before any appreciable further hydrolysis 
of amide can occur. In the cold the latter is completely prevented, 
and the decomposition to acid and primary amide is therefore, so far 
as could be measured, practically quantitative. The curves below 
show the comparative rates in the cold at which hydrolysis occurs 
of diacetamide, acetobenzami‘te and acetylcarbamide, on the one 
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hand, and of dibenzamide, benzo-o-toluamide, and benzo-p-tolu- 
amide, on the other, using in each case two molecular equivalents 


Fire. 1. 

100 = 
S —" 7 ~ wa 
S 90 = 
Pm 
S80 a 
} nae 
2 0 7 ¥ 
nme 
> 50 
R / 

. = / 

= 30 

= 20 

8 4 

= 10 yA 

z 

ec 0 L 


© Diacctamide. 


2 


4 


6 8 10 12 14 1d 18 20 22 24 26 28 30 32 


+ Acetobenzamide, 


Time in minutes. 
x Acelylearbamide. 


Hydrolysis of diacetamide, acctobenzamide, and acctylearbamide by alkali at 15°, 
using 2 equivalents of N/10-NaOH. 


of sodium hydroxide at W/10-concentration. These curves are 
constructed from the figures obtained by titrating the alkaline 
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ascertain the amount of alkali used, and thus the percentage 
number of molecules of secondary amide hydrolysed. 
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From these curves it is apparent that whilst diacetamide, aceto- 
benzamide, and acetylcarbamide are completely hydrolysed by dilute 
alkali in the cold within forty minutes, wholly aromatic secondary 
amides require about fifteen hours ; but there is no sensible difference 
in the rates of hydrolysis between dibenzamide, benzo-o-toluamide, 
and benzo-ptoluamide. Contrary to expectation, it was observed 
that whilst the hydrolysis of the two benzotoluamides is complete 
in less than one day, using two equivalents of W/10-sodium 
hydroxide, three to four days were required for complete hydrolysis 
under similar conditions with 2N-rodium hydroxide. That is, 
hydrolysis is inhibited, not accelerated, by increase in the con- 
centration of alkali, and this may be due to decreased concentration 
of the ions R-C(O’):N-CO-R’, which are probably more sensitive to 
hydrolysis than the non-ionised sodium salts R-C(ONa):N-CO-R’/, 
the concentration of which would relatively increase with decrease 
in the relative mass of water. 

In comparing the curves (Fig. 1) for diacetamide, acetobenzamide, 
and acetylcarbamide, it will be noticed that the rate of hydrolysis 
of the first is considerably greater than that of the other two. In 
all three cases acetic acid is eliminated almost quantitatively, pre- 
sumably by water addition at the double link in the common 
grouping, *N:C(ONa)-CHs, acetamide, benzamide, and carbamide, 
being respectively formed. “Whilst with acetobenzamide there is 
reason to believe that the alternative tautomeric form, 

NaO-CPh:N-CO-CH,, 

is present in the alkaline solution, and that this form suffers no 
appreciable hydrolysis owing to the steric influence of the phenyl 
group, in the case of acetylearbamide probably the tautomeric 
form, NH,°CO-N:C(ONa)-CHg, only, exists in alkaline solution. 
The higher rate of hydrolysis of diacetamide cannot well be referred 
to reduced steric effects (compare acetylcarbamide), and must arise 
from inferior stability, and in general it may be concluded that the 
additive affinity for water of the grouping *N:C(ONa)-CH, and 
consequent rate of hydrolysis varies somewhat with the nature of 
the group united to the nitrogen atom. 

The products of decomposition of the two benzotoluamides were 
investigated after hydrolysis with two equivalents of 2N-sodium 
hydroxide (1) at 15° by keeping for four days, and (2) at 90° by 
heating for three to four minutes, and immediately cooling. In 
the cold no secondary hydrolysis of the resulting primary amide 
occurred, and at 90° the extent of hydrolysis was only slight; this 
was evident from control experiments (using W-sodium hydroxide 
at 90° for three minutes) with benzamide, of which 16 per cent. was 
hydrolysed, o-toluamide, of which less than 1 per cent. was hydro- 
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lysed, and ptoluamide, of which 3 per cent. was hydrolysed. The 
amide (or mixture of amides), which separated after alkaline 
hydrolysis of the secondary amide, was removed, and the small 
quantity dissolved in the alkaline solution was extracted by means 
of ether. From the residual alkaline solution the acid (or mixture 
of acids) produced by the hydrolysis was precipitated by acidifying, 
the small amount remaining in solution being recovered by extract- 
ing with ether. The following results were obtained : 

A. Benzo-o-toluamide.—(1) At 15° with 2V-NaOH for four days: 
1°2 Grams gave a total of 0°641 gram of pure o-toluamide (m. p. 
137—139° before recrystallisation: Found, N=10°35. Calc., 
N =10°37 per cent.). This amounts to 96 per cent. of the theoretical 
if o-toluamide is the only primary amide produced by hydrolysis. 
Benzamide was looked for carefully and repeatedly in different 
experiments, but never found. 

12 Grams gave a total of 0°528 gram of pure benzoic acid (m. p. 
119—120° before recrystallisation), or 87 per cent. of theoretical 
possible. No o-toluic acid was found. 

(2) At 90° for three minutes: 

12 Grams gave a total of 0°6234 gram of pure o-toluamide (m. p. 
136—137°), or 93 per cent. of theory (Found, N=10°32. Calc., 
N=10°37 per cent.). No benzamide was found. 1°2 Grams gave 
0°5324 gram of pure benzoic acid (m. p. 117—-120° before recrys- 
tallisation), or 88 per cent. of the theoretical. 

No o-toluic acid was found, and it is clear that, although, owing 
to experimental difficulties, 100 per cent. yields were not realised, 
nothing other than o-toluamide and benzoic acid is formed by the 
alkaline hydrolysis of benzo-o-toluamide in the hot or cold. 

B. Benzo-p-toluwamide.—(1) At 15° with 2V-NaOH for four days. 
1:2 Grams gave a total of 0°596 gram of a mixture melting between 
125° and 136°, containing 22 per cent. of benzamide and 78 per 
cent. of p-toluamide. (Found, N=10°63 per cent.) By fractional 
crystallisation, an imperfect separation of the two amides was 
effected. 

1-2 Grams gave a total of 0°529 gram of a mixture of acids 
melting between 110° and 153°, containng 11 per cent. of p-toluic 
acid and 89 per cent. of benzoic acid (mixed silver salts gave 
Ag =46°88 per cent.). By fractional crystallisation, an imperfect 
separation, only, of the two acids was possible. 

(2) At 90° for three minutes: 

1:2 Grams gave a total of 0°554 gram of a mixture melting 
between 125° and 142°, containing 49 per cent. of benzamide and 
51 per cent. of p-toluamide. (Found, N=10°96 per cent.) 1-2 Grams 
gave a total of 0°573 gram of a mixture of acids melting between 
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116° and 155°, containing 60 per cent. of p-toluic acid and 40 per 
cent. of benzoic acid (mixed silver salts gave Ag=45'54 per cent.). 

The quantitative values are only very approximate, since they 
are based on the nitrogen value of the mixed (uncrystallised) amides, 
and the silver value of the mixed silver salts obtained from the 
mixture of acids. Slight errors due to differences in solubility 
become greatly magnified in view of the fact that differences in the 
figures for nitrogen and silver respectively are, of course, relatively 
small, between benzamide and ptoluamide and between silver 
benzoate and silver ptoluate. 

In the hydrolysis at 90°, moreover, there is a further error arising 
from the slight hydrolysis of the two primary amides found, and 
since the extent of hydrolysis of benzamide is considerably greater 
than that of ptoluamide, the proportion of benzamide actually 
produced would be somewhat higher than 49 per cent. 

Whilst in general, owing to lack of accurate means of quantitative 
measurement, the above data can only be taken as a rough approxi- 
mation, the following facts are established. 

A. Benzo-o-toluamide by hydrolysis with alkali, whether at 90° 
or in the cold, yields exclusively o-toluamide and benzoic acid ; that 
is, decomposes in one only of the two possible directions. 

B. Benzo-p-toluamide, in similar circumstances, decomposes in 
both possible ways, in the cold mainly along the channel yielding 
ptoluamide and benzoic acid, and at 90° to a tolerably equal extent 
in both directions. 


OrGanic LABoraTORY, 
UNIVERSITY OF LIVERPOOL. 


XXXIV.—The Miscibility of Azobenzene and Azoxy- 
benzene in the Solid State and the Supposed 
Existence of a Stereoisomeride of Azobenzene. 


By Harotp Hartiey and Jonn McArtuur Stuart. 


In the preparation of azobenzene by the electrolytic reduction of 
nitrobenzene in aqueous alcohol containing sodium acetate with 
a nickel cathode a small quantity of a deep red liquid was occa- 
sionally obtained, which crystallised on keeping, giving radiating 
masses of orange, acicular crystals melting at 25°. It appeared to 
be identical with the substance obtained by C. V. and R. A. 
Gortner (J. Amer. Chem. Soc., 1910, 32, 1294) as a by-product 
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in the preparation of azobenzene by the distillation of azoxy- 
benzene with iron filings. The authors describe the by-product of 
this reaction as forming orange-red, stellate groups of needles, 
readily soluble in ether, light petroleum, alcohol, acetone, or methyl 
alcohol, and melting at 25° to a deep red liquid. Analysis gave 
N=15°35, azobenzene requiring N=15°38 per cent. They say, 
further: ‘It will not crystallise when seeded with the 68° substance 
(ordinary azobenzene), but in two instances we have succeeded in 
quantitatively transforming the 25° substance into the 68° sub- 
stance, once by boiling with dilute hydrochloric acid, and in the 
other instance the cause of conversion is unknown to us. We can 
give no method which will always ensure conversion, nor have 
we been able to trarsform the 68° substance into the 25° modifica- 
tion. According to Holleman, the syn-modifications are the least 
stable, so it seems probable that the new compound is syn-azo- 
benzene.” 

Attempts to discover the conditions which favoured the produc- 
tion of the substance of low melting point in place of ordinary 
azobenzene by the electrolytic method failed, as little of it was 
obtained. It was then found that carefully dried azoxybenzene 
when distilled with iron filings gave, as a rule, nothing but 
ordinary azobenzene; however, on moistening the azoxybenzene 
with alcohol, or, better still, with aniline, a considerable quantity 
of the product of low melting point was obtained. If aniline was 
used, the solution of the distillate in light petroleum was well 
washed with dilute hydrochloric acid before crystallisation. 
Various specimens gave melting points varying from 25°2° to 26°, 
and two nitrogen estimations gave 14°95 and 14°84 per cent. 
respectively, showing that the substance is not pure azobenzene, 
which contains 15°38 per cent. of nitrogen. The resemblance of 
the crystalline form to that of azoxybenzene, and the fact that 
the drops of the supercooled liquid crystallised if seeded with 
crystals of azoxybenzene, suggested that the orange crystals melting 
at 25° might be a solid solution of azobenzene in azoxybenzene. 
The results of determinations of the freezing-point and melting- 
point curves of mixtures of those two substances confirmed this 
conjecture. The freezing-point curve was determined in a Beck- 
mann apparatus in the usual way, and the melting-point curve by 
allowing mixtures of known composition to crystallise slowly, and 
then finding the temperature at which melting begins when a thin- 
walled tube containing the mixture is slowly heated. The melting- 
point curve determined in this way is necessarily rough, and gives 
only an approximate estimate of the composition of the solid phase. 
The horizontal portion of the curve must pass through the eutectic 
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point, but it will be noticed that the experimental points lie from 
1° to 3° above it owing to the difficulty of deciding when melting 
has really begun to take place. 

The experimental results are given below: 


Molecular per- Molecular per- 
centage of azo- centage of azo- 
benzene. Freezing point. benzene. Melting point. 
0 35-0 0 35-3 
8-3 31-3 2-9 30-9 
12-9 29-3 3-6 29-6 
18-2 27-1 6-9 27-8 
22-6 25-3 13-5 25-6 
25-9 25-5 25-2 25-7 
29-1 27-8 34-8 26-4 
34-8 33-1 47-3 27-7 
38-1 35-8 56-9 26-8 
42-4 39-2 64-0 34-6 
48-9 44-1 75-0 48-0 
55-1 47-7 91-5 62-1 
62-6 52-2 
80-5 60-4 
94-1 65-8 
100-0 67-9 


The form of the diagram shows that the substances give two sets 
of mixed crystals with an eutectic temperature of 24°5°; at this 
temperature crystals of azoxybenzene can dissolve about 10 per 
cent. of azobenzene molecules, whilst those of the azobenzene 
dissolve about 45 per cent. of molecules of azoxybenzene. 

The crystalline form of azoxybenzene has not been fully investi- 
gated. Bodewig (Zeitsch. Kryst. Min., 1879, 3, 411) measured the 
prism angle of the needles (87°32’), and from their optical proper- 
ties described them as orthorhombic. The crystalline form of 
azobenzene has been examined by Calderon (Zeitsch. Kryst. Min., 
1880, 4, 234), and by Boeris (cbid., 1901, 34, 301), who describes 
it as monoclinic with a prism angle of 55°3’, and axial ratios: 
a:6:c=2°1076:1:1°3312; B=114°26’. The evidence is thus insuffi- 
cient to decide whether there is any relationship between the normal 
crystalline structures of the two substances. Their miscibility in 
the crystalline state is probably similar to a number of instances 
noticed by Jaeger (Zeitsch. Kryst. Min., 1907, 42, 236), where the 
miscibility seems to depend, not on a relationship of crystalline 
form, but cn the similar spacial structure of two molecules, for 
example, the miscibility of azobenzene and benzylaniline (Miss 
Isaac, Proc. Roy. Soc., 1911, A, 84, 344). Crystals produced by 
the crystallisation of mixtures of azobenzene and azoxybenzene 
from light petroleum appeared identical in every respect with the 
product of low melting point obtained by the electrolytic reduction 
of nitrobenzene or by distilling azoxybenzene with iron filings, and 
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it seems certain that the substance obtained by C. V. and R. A. 
Gortner, and described by them as a new stereoisomeride of 
azobenzene, was a mixed crystal of azobenzene and azoxybenzene. 
Their analysis gave N=15°35, the theoretical content for 
azobenzene being N=15°38 per cent.; the specimens analysed 
above gave N=14'95 and 14°84; the eutectic mixture would 
contain about 14°4 per cent. of nitrogen, so that the substance 
analysed probably contained some azobenzene. 

The production of the mixed crystals, owing to the contamina- 
tion of azoberzene by azoxybenzene, is easily explained in both 
processes where they have been obtained. In the distillation of 
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azoxybenzene with iron filings the product of low melting point 
was only obtained in quantity when some volatile substance was 
present which carried over the azoxybenzene at a temperature 
below that at which it decomposes. In the electrolytic reduction, 
since azoxybenzene is a product of the reduction of nitrobenzene 
in alkaline solution, some will be present if the current is passed 
for an insufficient time to reduce it further. In the unsuccessful 
attempts to prepare the substance of low melting point by 
electrolytic reduction, on she assumption that it was a stereo- 
isomeride of azobenzene, the current was always continued until 
reduction was complete. 
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XXXV.—The Equilibrium of Dilute Hydrochlorie 
Acid and Gelatin. 


By Henry RicHarpson PROCTER. 


In an earlier paper (Koll.-chem. Bethefte, 1911, 2, 243) it has been 
shown that when gelatin jelly is immersed in a dilute acid, an 
equilibrium results which at a given temperature is dependent only 
on the ionisation and concentration of the acid, which determine 
not merely the volume of liquid absorbed, but the concentration of 
the anion in the jelly; and more or less empirical formule were 
given connecting these with the concentration of the ionised acid. 
It was further pointed out that these formule were consistent with 
the view that a hydrolysable and ionising salt* of gelatin was 
formed, and that the phenomena of swelling were simply dependent 
on the relation between the osmotic pressure of the ionising salt 
and that of the external acid solution. 

The object of the present paper is to indicate the precise nature 
of these relations, and to show that the formulz there given, with 
some slight modification, can be fully explained and justified on 
the ordinary ionisation hypothesis. If this is the case, there seems 
no reason for the assumption of more complicated and less verified 
theories dependent on surface-tension and other forces, and involving 
the unproved and rather gratuitous assumption of a two-phased 
structure of the jelly. The discussion of the present paper has 
been confined to the single case of gelatin and hydrochloric acid ; 
but the theory proposed is quite general, and if true in the particular 
case, must also be true (with different constants) of any other 
acid, and of other amphoteric proteins, so that its bearing, both 
on colloid chemistry and on physiological theory, is very wide. 

The theory assumes that the jelly is a molecular network, in which 
the water, the acid, and the protein are within the sphere of each 
other’s molecular attractions, and therefore homogeneous in the 
same sense as any other solution; and it discards the Biitschli-van 
Bemmelen idea of coarse microscopic pores, although it is not denied 
that such two-phased jellies exist, and can be produced, and that 
the pores observed by these investigators had a real existence, 
probably due to the hardening agents with which their jellies were 
treated. 

It has been shown by the author (Joc. cit.) that when gelatin 


. It is most probable that this salt is a ‘‘ hydrochloride,” in the same sense as 
*‘aniline hydrochloride,” but as other constitutions are possible, it has been thought 
better to write ‘‘ gelatin chloride” simply. 
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swollen with water is treated with a strong acid, such as hydrochloric 
or sulphuric, the swelling becomes much greater than with water 
alone, but reaches a maximum at a very low concentration of the 
external acid, subsequently diminishing in a hyperbolic curve, as 
the concentration of the acid is further increased. This con- 
traction is obviously due to the anion of the acid, since it can be 
increased to almost complete dehydration by the addition of its 
neutral salt; but the exact mechanism of the osmotic pressure is not 
easy to follow, since the jelly is in itself completely permeable both 
to the acid and its neutral salt, and their ions, and the explanation 
given in the paper quoted seems an incomplete one. 

The fuller statement is that to satisfy the equation * of equality of 
products (Donnan and Harris, T., 1911, 99, 1575; Donnan, Zettsch. 
Elektrochem., 1911, 17, 572), the concentration of the free acid 
contained in the jelly must have a definite relation to that of the 
ionised anion of the jelly-salt; and as the latter cannot diffuse from 
the jelly owing to the colloid nature of its cation, the equilibrium 
can only be reached by the absorption or expulsion of free acid and 
of water by the jelly. In order to investigate these relations, it 
is necessary, not merely to determine the total chlorine contained in 
the jelly, as had been done in the earlier experiments, but to 
ascertain what were the relative proportions of ionised and of non- 
ionised chloride and of free acid in the jelly, and it became evident 
from the mathematical investigation of the equilibrium that the 
total chlorine and one of these being known, the others could be 
calculated. 

The most obvious way of determining ionic concentrations is by 
means of concentration-cells, and much time was spent in unsuccess- 
ful efforts to solve the problem in this way. The work, however, 
has not been fruitless, and the causes of failure may be briefly 
stated. First, it should have been obvious from the outset that the 
concentration-cell method, marvellously accurate as it is in the 
determination of the order of quantity of minute ionic concentra- 
tions, was quite unfitted to deal with the massive differences of 
the same order of quantity which were concerned in the present 
problem. Secondly, it was proved that the apparent ionic con- 
centration of amphoteric colloid solutions, as determined by the 


* This equation, which states that the product H* x Cl’ must be equal in 
both phases, is, of course, in accordance with the mass-law, but the actual distribution 
of H* and Cl’ depends on the thermodynamic equation : 

in RT log H,/H,=8n RT log Cl,/Cl, 
given by Donnan and Harris (T., 1911, 99, 1575) for the analogous case of sodium 
chloride and Congo-red ; whence H, x Cl, =H,xCl,. This equation relates to the 
ionised portions only, and the non-ionised portions, if any, will be related to the 
ionised according to the ordinary mass-law equation, a x b=ke, 
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concentration cell, was not the actual concentration of the solution 
or jelly, but that of a non-colloid acid or salt solution with which 
it would be in equilibrium, since Donnan’s “‘ membrane-potential ” 
at a real or virtual surface mathematically equals and compensates 
any difference of potential between a colloid solution and its 
equilibrium acid or salt solution. This is obviously a point of 
fundamental importance with regard to the frequent use of the 
concentration cell in physiological investigations, and demands more 
complete proof than space allows here. The author therefore 
proposes to make this part of his work the subject of another 
paper; but it may be noted that means were devised for the 
approximate measurement of the membrane-potential, which, 
although only of a few millivolts, corresponded with large percentage 
differences in the present investigation. 

Efforts were also made to solve the problem by conductivity 
measurements, but the results, although of considerable interest, 
and possibly of importance to the theory of colloid salts, failed to 
give information either so comulete or so accurate as was subse- 
quently obtained by a much simpler and apparently ruder method ; 
and this was also true of a modification of Veley’s colorimetric 
method with methyl-orange, which, within certain limits, gave 
useful results. 

The method finally adopted rests on the fact that the influence 
of one salt on the ionisation of another depends solely on the con- 
centration of their “common” ion. Hydrolysis depends, therefore, 
on the hydrion concentratioin only, whilst the mutual ionisation of 
a salt and its acid is influenced only by the “common” anion. If 
therefore, sodium chloride is added to a jelly containing gelatin 
chloride and free hydrochloric acid, the ionisation is no doubt 
repressed, but the hydrolysis of the gelatin salt is not affected, and 
the free acid is expelled with its associated water to almost com- 
plete dehydration by the osmotic pressure of the concentrated 
chlorine ion, and can be titrated in the expelled salt solution. 
The weight or volume of acid solution retained by the jelly can be 
easily ascertained, and is so small that even if the assumption that 
its concentration is the same as that of the solution expelled is not 
quite accurate, no serious error is introduced by adopting it. The 
actual method of experiment was as follows. A quantity of care- 
fully purified thin bone-gelatin of known dry weight (usually 1 
gram) was soaked in 100 c.c. of acid solution of known concentration 
in a stoppered bottle for forty-eight hours, a time which was shown 
to be sufficient for the attainment of practical equilibrium. The 
contents of the bottle were then poured into a funnel provided with 
a finely perforated porcelain plate, covered with a clock-glass, and 
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allowed to drain for two hours, the liquid being received in a 
graduated cylinder. The volume of the liquid, subtracted from 100 
c.c., gives the volume of acid absorbed by the gelatin, and this can 
be further checked, if necessary, by the weight of the drained and 
swollen gelatin. By titration with alkali hydroxide and phenol- 
phthalein, the strength of the external acid is determined, and from 
its concentration and volume, the total acid absorbed from the 
gelatin is calculated. The swollen jelly is now returned to the 
stoppered bottle, and dry salt added in the approximate quantity 
necessary to produce a saturated solution. After repeated shaking, 
and standing for at least twenty-four hours, equilibrium is again 
established; the gelatin is shrunk to thin, horny plates, and a 
further portion of acid liquid can be separated by the draining 
funnel, containing the whole of the free acid with the exception of 
that in the small volume of solution (usually about 1°5 c.c.) re- 
tained in the jelly. If the quantity of solution is determined by 
volume, it must not be forgotten that a saturated salt solution 
contains only 94 per cent. of its volume of water, but the effect on 
volume of the smal! quantity of acid present may be safely 
neglected. The acid salt solution is titrated to determine its con- 
centration of acid, and the quantity is calculated to the whole 
volume of solution absorbed. 

We have thus the means of determining (a) the free acid unab- 
sorbed, which forms the “external solution” with which the jelly 
is in equilibrium; (d) the free acid absorbed by the jelly; and 
(c) the chlorine, ionised and non-ionised, combined with the jelly 
base. Thesum of 6 and ¢ can be further controlled by the titration 
of the dehydrated jelly with alkali hydroxide, which with phenol- 
phthalein as indicator, completely decomposes the gelatin salt.* 
The following table gives a series of such determinations with 
varying quantities of acid, and includes the whole of the results 
in the series of experiments to which they refer, and are more 
concordant than would be expected from the comparative rough- 
ness of the method. Some of the results are given graphically on 
the curves, to allow the reader to form a judgment of the trust- 
worthiness of the experimental data; but in many cases there is 
not room to insert the whole. 


* In the actual experimental work the weight of solution absorbed was taken as 
that of the volume, the increase of specific gravity by the acid being in most case 
negligible as compared with other sources of error ; and the total chlorine in the jelly 
is the sum of the uncorrected titrations of the expelled acid and the residual jelly. 
The free acid of the jelly as given in col. 1 of the table of experimental results is, 
however, corrected to allow for the portion of solution still retained by the jelly. 
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0-300 | 0°2950 | 19-98 | 18-0 | 4-405 | 2:222 | 6-627 | 5-202 | 1-425 | 0-2603 | 0-332 | 0-334 | 0-733 
0:250 | 02450 | 20-22 | 18-6 | 3-680 | 1-991 | 5-671 | 4-255 1-416 | 0-2104 | 0-281 | 0-285 | 0-716 
0-200 | 0°1945 | 22-10 | 21-1 | 3-245 | 1-750 4-995 | 3-615 1-380 | 0-1636 | 0-226 | 0-232 | 0-768 
6-200 | 0-1940 | 22°68 | 21-5 | 3-325 1-770 5-095 | 3-731 | 1-364 | 0-1645 | 0-225 0:228 | 0-695 
0-200 | 0-1925 | 20°59 | 19-3 | 2-925 1-785 4-710 | 3-320 1-390) 0-1612| 0-229 | 0-230 | 0-746 
0-175 | 0°1685 | 23-48 | 23-0 | 2-990 1:705 4-695 | 3-247 | 1-448 | 0-1383 | 0-200 | 0-205 | 0-738 
0-150 | 01435 | 24-24 | 23-0 | 2-555 | 1-620 | 4:175 | 2-865 | 1-310 | 0-1182 | 0-172 | 0-174 | 0-697 
0-150 | 0-1434 | 24-00 | 23-0 | 2-550 | 1-605 4-155 | 2-830 | 1-325 | 0-1180 | 0-173 | 0-175 | 0-714 
0-125 | 0-1180 | 24-36 | 23-8 | 2-125 | 1-490 | 3-615 | 2-314 1-310 | 0-0897 | 0-148 | 0-147 | 0-740 
0-1052 | 29°75 | 29-0 | 2-310 | 1-490 | 3-800 | 2-521 1-279 | 0-0847 | 0-128 | 0-131 | 0-671 

0-100 | 0:0944 | 26-38 | 25-6 | 1:740 | 1-445 | 3-185 | 1-907 1-278 | 0-0723 | 0-121 , 0-123 | 0-695 
0-100 | 0-0930 | 23-09 | 22-0 | 1-480 | 1-427 | 2-907 | 1-652 1-255 | 0-0716 | 0-126 | 0-121 | 0-760 
0-075 | 0-0680 | 29-12 | 27-5 | 1-380 | 1-310 | 2-690 | 1-555 1-135 | 0-0534 | 0-092 | 0-087 | 0-710 
0-075 | 0:0666 | 27-85 | 27-8 | 1-305 1-340 2-645 | 1-391 1-254 | 0-0499| 0-095 | 0-089 | 0-790 
0-0576 | 34-01 | 34-6 | 1-410 | 1-270 2-680 | 1-474 1-206 | 0-0433 | 0-079 | 0-077 | 0-721 

0-050 | 0-0420 | 31-07 | 30-2 | 0-845 | 1-255 2-100 | 0-925 1-175 | 0-0298 | 0-068 | 0-059 0-795 
0-050 | 0:0406 | 36-42 | 36-5/| 1-025 1-200 2-225) 1-088 1-137 | 0:0299| 0-061 | 0-055 | 0-746 
0-025 | 0-0172 | 48-13 48-5 | 0-415 | 1:090 1-505 | 0-438 | 1-067 | 0-0091 | 0-031 | 0-033 | 0-677 
0-025 | 0-0170 | 40-44 | 39-0 | 0°340 | 1:155 = 1°495 | 0-375 1-120 | 0-0093 | 0-037 | 0-031 | 0-807 
0-020 | 0-0122 | 51-72 | 52-5 | 0-300 | 1:100 1:400 | 0-314 1-086 | 0-0061 | 0-027 | 0-025 | 0-769 
0-015 | 0-0120 | 51°89 | 52-7 | 0-305 | 1°115 | 1-420 | 0-320 1-100 | 0-0062 | 0-027 | 0-023 | 0-797 
0-015 | 00077 | 52:20 | 53-6} 0-090 | 1-065 | 1-155 | 0-093 1-062 | 0-0018 | 0-022 | 0-033 | 0-753 
0-015 | 00073 | 57-91 | 60-0 | 0-123 | 1:035 | 1:158 | 0-126 | 1-032 | 0-0022 | 0-020 | 0-024 | 0-735 
0-010 | 00032 | 53°68 | 54-5 | 0-025 | 0-880 0-905 | 0-026 | 0-879 | 0-0005 | 0-017 | 0-021 | 0-733 
0-010 | 0-0028 | 58-43 | 59-0 | 0-024 | 0-825 0:849| 0-025  0-824| 0-0004 | 0-015 | 0-020 | 0-685 
0-010 | 0-0025 | 59-90 62-0 | 0-023 | 0-855 0-878 | 0-024 0-854 | 0-0004 | 0-015 | 0-016 | 0-728 
0-008 | 0-0018 | 48-70 50:0 | 0-019 0:735 0-754) 0-020 0-734 | 0-0004| 0-015 | 0-008 | 0-604 
0-006 | 0-0C11 | 44-11 | 44-6 0-019 | 0°590 0-609 | 0-020 0-589 | 0-0005 | 0-014 | 0-003 | 0-560 

} | 


The lettered columns in roman type are observations. The numbered columns in 
italics are calculated from the observations as follows : 


l = a. 4 = (e+f) 
dxv'94 c 
® « aa eee 5 = 6? x 0:94d 2 x 
C+) - aou8 — a 
e 


* owes 6 = (¢+/f)—(bxc). 


It is obvious that from these results two distinct series of curves 
can be calculated: those of the actual quantity of each associated 
with 1 gram or 1 mol. of gelatin, and those of relative concentra- 
tions of the different constituents of the jelly and its equilibrium 
acid solution; and these two sets of curves are not necessarily 
interdependent. 

Taking first the question of quantities, the first problem is that 
of the determination of molecular weight. By this must be under- 
stood, not the weight of the associated group of molecules, which, 
if the molecular network theory be correct, may be co-extensive 
with the jelly itself; but the smallest weight which could exist in 
some ideal non-associating solvent, retaining its chemical structure 
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and reactive powers unaltered. It is obvious that the special 
characteristic of the colloid state is the tendency to form associated 
groups of molecules, often of quite indefinite size (as in the case of 
suspension sols), which, osmotically, act as a single molecule or 
as a single ion. If it were practicable to isolate the pure saturated 
salt, the equivalent weight would be that combined with one atom 
of chlorine, and it would only remain to determine the valency of 
the base. This is, however, impossible, since gelatin is a very weak 
base, of which the salts hydrolyse readily, and, on account of 
secondary reactions, it is impossible so to concentrate the acid as 
to make hydrolysis negligible. All that we can obtain is a curve, 
of which the limit at infinite concentration is the completely 
saturated salt, and before this limit can be predicted, the mathe- 
matical expression of the curve must be known. For a weak mon- 
acidic base, such a curve is given by the Ostwald hydrolysis 
formula, which, as was shown by the author in the earlier paper 
already quoted (loc. cit.), is conveniently transformed into the 
simple expression P-——., where z is the molecular concentration 
or normality of the equilibrium-acid, & is the ordinary hydrolysis- 
constant, and y is the proportion of unhydrolysed salt to the total 
base present. Such a curve, if the & is small, ascends at first almost 
vertically, curves sharply as it approaches unity, and thereafter 
proceeds almost horizontally, reaching unity only when z becomes 
infinite. If the & be larger, the ascent is more gradual, and the 
curve rounder and more prolonged, so that it may still be far from 
unity within the limit of experiment, y having obviously a value 
of 0°5 when k=z. 

The curve of gelatin chloride plotted from experiment, as will 
be seen by reference to Fig. 1, rises vertically at first, with all the 
characteristics of a small k, but after turning sharply, continues to 
rise throughout the limits of the experiment. Such a curve is that 
of a diacidic base, or dibasic acid, and is the sum of two curves, one 
of which is due to the (usually small) & of the first valency, and 
the other to the larger & of the second. The expression therefore 

x a 

w+k, are + kg 
curve is plotted for 1 gram of gelatin, whilst the expression is for 
1 mol., and must obviously be multiplied by tore. $y anil it 
mol. wt. 
comparable with experimental results. There are thus three un- 


becomes y = , and its limit is 2.* The experimental 


* The curve of non-hydrolysed gelatin given in a previous paper was calculated 
on purely theoretical grounds and on the assumption that gelatin was monacid, and 
the & then adopted of 0°005 was obviously a compromise between k, and ky. 
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knowns to be determined, the two k’s, and the molecular weight; 
and, although this might no doubt be done by three simultaneous 
equations from different points of the curve, I have preferred as 
more satisfactory, to adopt a method of approximation which 
apparently is identical in principle with one described by Lundén 
(Meddel. K. Vetensk. Nobelinstitut, 1, No. 11). 


Fie. 1. 


Curves of quantity: 1 gram. 


Mols. or c.c./20. 


+ o/e Acio Fixeco” 
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Where &, is small and &, large, the eurlier part of the curve is 
almost entirely dependent on the former, whilst the later part is 
x 
a +k, 
x=0°01 be assumed to be equal to the reciprocal of the molecular 
weight, and this be subtracted from the value at x=0°25, the 


approximately 1+ If, therefore, the value of the curve at 
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remainder, multiplied by the same reciprocal, will be the value 
due to the second term of the expression, and from these an 
approximate k, and k, can be calculated. If these are now 
employed to correct the first calculations, a closer approximation 
can be obtained; and this can be repeated until the results are 
within the limits of experimental error. For each single term, 


="_#. With any approximate molecular weight, values for k, 


y 
and k, can be calculated which will give a curve agreeing with the 
experimental at the two points taken, but unless the molecular 
weight is very nearly correct, the value of y will be noticeably wrong 
at a third point, which is most advantageously taken near that of 
maximum curvature. 

Since the molecular weight must be such as will give whole 
numbers of atoms in accordance with ultimate analysis, it becomes 
easy to decide on the only possible weight within the limits of 
experimental error, and a “rational” formula is obtained. 

The experimental curve in the present case is very accurately 
ee 50013 * x 148 aa and to this the curve 
in Fig. 1 has been calculated. This results in a probable “ rational” 
formula for gelatin of C,;H;,0,,N,,, with a molecular weight of 
839, which agrees with Schiitzenberger’s own determinations quite 
as well as his generally accepted formula, Cz.H,.,O.No,, but is 
slightly higher in nitrogen than the average of published analyses, 
as is shown by the following table. It is probable that the differ- 
ence may be accounted for by the extreme difficulty of completely 
drying gelatin without decomposition. The hydrogen is, of course, 
the most doubtful number. 


represented by 


Formulz. Analyses. 
Procter. Schiitzenberger. Chittenden 
C35H5,013N 3, Cg Hj 240 o9N 05 Schiitzenberger. Mulder. and Solly. 
er 50-06 49-7 50-0 50-1 49-4 
H.... 6-79 6-8 6-7 6-6 6-8 
incites 24-79 25-2 25-0 25-0 25-1 
N.... 18-36 18-3 18-3 18-3 18-0 


It may be noted that Paal obtained a molecular weight of about 
900 from freezing- and boiling-point methods (Ber., 1892, 25, 1202). 

It must not, however, be assumed that the molecular weight of 
gelatin, from the physical point of view, is necesarily so compara- 
tively small. The weight calculated from the previous experiments 
is merely that of the smallest quantity which can act as a chemical 
individual, and it is not incompatible with the association of the 
colloid molecules in any way which does not affect their chemical 
combining powers; and, if the view of a molecular network is 
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correct, the whole jelly may be regarded in a physical sense as 
one enormous colloidal molecule dissociating a number of chlorine 
ions; whilst it is impossible to say what degree of association may 
still exist after liquefaction. 

Since the hydrolysis-constant of a salt of a weak base is the 
ionisation constant of water divided by that of the base, we can 
calculate the two basic constants of gelatin as concerned in the 
reaction, although it may be probable that the two affinities are 
in themselves equal, and that the second only takes its lower value 


because of the previous saturation of the first. 


| -14 
Since ky=0°6x10-4 and k,=1°3x10-3, hy,= Reht die 7 


05x10-", and ky= adc =0°6x 10-4. Lundén (loc. cit.) 
gives for leucine kg=1°8x10-, and k,=2°3x10-", and for 
glycine (aminoacetic acid), one of the principal constituents of the 
gelatin molecule, very similar figures, so that there is no interent 
improbability in those calculated. 

Turning from the question of quantities to that of concentra- 
tions, if we represent on a curve-diagram the hydrogen-ion con- 
centrations by the abscisse and those of the chlorine-ion by 
ordinates, the common concentrations of the external acid 2, in 
which these are equal, will intersect on a line passing through the 
origin at an angle of 45°, and this will be the axis of a series of 
right-angled hyperbolas, corresponding with the different values 
of x, and of which z? will be the generating square; and on which, 
for each value of z, all possible solutions of the equation #?=H x Cl 
will lie, and if the concentration of one of these constituents is 
given, the equilibrium will be definitely determined. At any such 
point, the hydrogen and chlorine ordinates will enclose a rectangle 
equal in area to 2’, the chlorine being necessarily the greater from 
the ionisation of the gelatin chloride. 

It is obvious that on the concentration of this ionised chloride 
the whole equilibrium depends, and if its relation to # can be 
determined, the problem is definitely solved. An experimental 
solution is given by the determination of the concentration of the 
free acid of the jelly, which is equal to its hydrogen abscissa. As 
the jelly is completely permeable to the ions of the external acid, 
it must be in equilibrium with it both osmotically and thermo- 
dynamically, that is, both the total concentration of ions and the 
product of the hydrogen and chlorine ions must be the same in 
each case, or any difference which exists between the two must 
be compensated by an electric potential at the interface. There 
is no evidence, experimental or theoretical, that the colloid gelatin 
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ion exerts any osmotic pressure, and, as an associated network, 
it should, theoretically, only act as a single molecule; but since 
the two sides of a rectangle are necessarily greater than those of a 
square of equal area, some surface-potential must exist, opposed 
in sign to that shown by Donnan (loc. cit.) to be caused by the 
unequal concentration of the hydrogen and chlorine ions. Since 
the ionised chlorine is confined to the jelly by the attraction of its 
non-diffusible colloid ion, the adjustment of equilibrium between 
the jelly and the external acid can only take place by the passage 
inwards or outwards of hydrochloric acid and water, and if we 
suppose the jelly divided into separate volumes, each containing 
one of the constituents at the common osmotic pressure, that of 
the acid will be of the same concentration as the external acid z, 
and will have an osmotic pressure of 2z, since both hydrogen ion 
and chlorine ion are of z concentration, and the ionised chlorine, 
to be at the same osmotic pressure, must also have a concentration 
of 2z, since the chlorine ion of the acid cannot be expelled without 
its attendant hydrogen ion. 

Thus the 2? of the external acid is in osmotic equilibrium with 
the 2z of the jelly, and if we plot the concentration of the external 
acid as z, we must also plot the osmotic concentration as / 2x to 
maintain the same relation. Experiment shows that, measured 
in terms of z, the concentration of the ionised chloride is 
approximately 4/2, but ismore accurately expressed by /22+0°02, 
the explanation of the small correction being discussed later. 

Calling the concentration of the ionised gelatin chloride Cl» 
the concentration of hydrogen ion in the jelly is algebraically 


= Oly + uh Ort and that of the expelled acid 


1,— ./Cl,24 4a2 
a+ O's core 


but, graphically, all the concentrations are given by a simple con- 
struction, the proof of which is obvious. If the Cl’ ordinate of 
x be produced vertically to an additional length of Cl’/g, and a 
line be drawn through this point parallel with the axis of the 
hyperbola (that is, at 45°), it will cut the hyperbola at the common 
point of intersection of the H’ and Cl’ ordinates of the jelly, the 
I’ ordinate of which, if produced, will cut the z vertical at the 
total Cl’ concentration, and a horizontal line through the point 
where the Cl’ ordinate of the jelly cuts the axis of the parabola 
will cut the z vertical at the hydrogen-chloride concentration of 
the jelly, whilst the difference between this and z will be the acid 
expelled. If continuous curves are drawn through these points 
for the different values of xz, they will divide the diagram into 
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regions of free hydrogen chloride or hydrogen-ion concentration, 
and of ionised chloride, respectively, below and above the straight- 
line axis of z Experimentally, the concentration of the ionised 
chlorine is obtained by dividing «z? by the concentration of free 
acid in the jelly, and that of the total chlorine by direct titration. 
Both are plotted in Fig. 2, but the ionised is marked O and the 
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total x. It will be seen that they practically coincide, and it may 
be concluded that the gelatin salt is almost wholly ionised, or, at 
least, to an extent comparable with hydrogen chloride, for the 
incomplete ionisation of which no allowance has been made. 

With regard to the correction, approximately 0°02, added to 2z 
under the square-root sign, it may be noted that, putting 2=0, 


324 PROCTER: THE EQUILIBRIUM OF 


a value of chlorine-ion concentration still remains equal to /0°02. 
This ionisation of chlorine in absence of an appreciable hydrogen- 
ion concentration is also confirmed by experiment, a measurable 
chlorine-concentration being reached before any free acid is shown 
either by indicators like methyl-orange, or by the hydrogen con- 
centration cell. The probable explanation is that as gelatin is 
amphoteric, and, to some extent, ionises both H* and OH’ in the 
neutral state, a small amount of neutral chloride can be formed 
in absence of any other free acid than its own; or, peruaps, in 
other words, that it must be brought to a neutral condition as 
compared with water before any hydrolytic production of hydrogen 
chloride can take place. This is in accordance with experiments 
quoted by Pauli (Koll.-Zeitsch., 1913, 12, 222), which prove that 
in neutral solution, gelatin and other proteins wander to the positive 
pole in electrophoresis, and that a small amount of acid is necessary 
to bring them to a neutral condition in which they are unaffected 
by the current, whilst, with further additions of acid, their basic 
character preponderates, and they wander to the negative pole 
(probably as basic ions). The correction may thus be regarded as 
simply indicating the amount of hydrochloric acid required before 
neutrality is reached. 

It is obvious that, except for this small correction, the concen- 
trations are all purely mathematical functions of z, and therefore 
independent of the chemical properties of the protein, and applic- 
able to all substances capable of similar equilibria. If the tem- 
perature is raised so that the jelly melts, it can be shown that 
equilibrium still exists, although actual measurement is complicated 
by the necessity of a membrane, and the much longer time required 
to attain equilibrium than with the thin sheets of the present 
experiments; but, in the case of gelatin, neither concentration cells, 
conductivity, nor the experiments of G. 8. Walpole on refractive 
index (Koll.-Zeitsch., 1913, 18, 241) show any break in the curves 
at the melting point, and, in all probability, the degree of associa- 
tion is still very large. Since such associated groups of ions must 
still be in equilibrium with their surrounding solution, they must 
also be associated with acid and water in the terms of the jelly 
equilibrium, and the suggestion is obvious that, whilst the true 
equilibrium-jelly is a homogeneous molecular solution, the apparent 
aqueous solution is really a two-phased structure of associated 
colloid systems, surrounded by their equilibrium liquid. The same 
may probably be true of jellies made up with arbitrary quantities of 
water and acid, and may serve to explain some of the results of 
earlier investigators. Certainly, electrometric experiments made 
with such jellies, both by conductivity and by the concentration 
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cell, gave somewhat abnormal results; and it is clear that unless 
by chance the exact equilibrium mixture has been made, they must 
be in unstable equilibrium, and must tend to separate into equi- 
librium-jelly and its corresponding acid, possibly developing the 
Biitschli sponge-structure. 

In this connexion, it is well to refer to the work of Pauli (loc. 
cit.) on the viscosity of acid protein solutions, in which he obtained 
curves identical in type with the swelling curve of acid gelatin, 
which probably can be explained by the varying quantities of 
water and acid associated with the gelatin molecules. 

It was shown in the earlier paper _ cit.) that the volume of 


swelling was nearly proportional at 


Ja 
zt Je or 248 or to the 


theoretical quantity of cadens gelatin divided by za. 
Obviously, if the guantity of ionised chloride at any point be divided 
by the corresponding concentration of the ionised Cl’, the quotient 
will be the volume of the jelly, and it is found that by dividing the 
calculated quantity of non-hydrolysed chloride which, it has been 
shown, is almost wholly ionised, by / 2x+0°02, a curve is obtained 
which agrees very closely with the smoothed curve of observed 
volumes, both in type and quantity. It is worthy of note that the 
above calculation takes no account of any solid rigidity or elasticity 
of the jelly, and it may therefore be presumed that these have no 
existence apart from the osmotic pressures of the jelly, or, at least, 
that they are of negligible amount. 

Finally, a large number of determinations were given in the 
earlier paper of what was called “acid fixed”; that is, of the excess 
of acid in the jelly over that contained in an equal volume of the 
external solution. This is a well-defined quantity, rising rapidly 
with the concentration of the external acid to about 0°8 milligram- 
molecule for 1 gram of dry gelatin, forming a slight maximum 
at about z=0°015 and a still less marked minimum at about 
x=0°15, and again increasing, but only very slowly. The value is 
easily and accurately obtained by titration of the melted jelly 
and of its equilibrium acid, but the curve is peculiar; and, at the 
time, was incapable of definite explanation. It is now obviously 
the quantity of gelatin chloride less that of the free acid expelled. 
Calling Q the value of the quantity of non-hydrolysed gelatin 
chloride, ¢ the concentration of the ionised chloride, and a that 
of the expelled acid, this is given by the (somewhat simplified) 


expression Qe". This accurately reproduces the peculiarities of 


the experimental curve, but is very slightly too low in actual 
quantity, presumably because the theoretical expression assumes 


326 PROCTER: THE EQUILIBRIUM OF 


total ionisation of the gelatin salt, and the consequent expulsion 
of a slightly larger quantity of free acid than actually takes place, 
All the curves described are plotted in Figs. 1 and 2, together 
with the experimental results (so far as space allows), and the 
corresponding algebraical expressions are annexed ; and to facilitate 
experimental checking, the numerical calculated values for a 
number of values of « are also given in the following table. 


Calculated Mathematical Curves for 1 gram of Gelatin. 


Quantity 
Quantity Quan- excess of Con- 
un- Quan- tity of Cl centra- 
Nor- _hydro- tity free in jelly Con- tion at 
mality lysed total acid over Volume Concentra- centra- H 
of gelatin Cl HCl A vol. of Concen- tion tion ex- 
eq.acid. chloride. of uy. of jelly. _—. jelly. ees _. Cl’. ae Cl’. pelled. 
a. a. ‘ e. é. 4 g. " 4. 


0-001 0-520 0-522 0-002 0-481 35-0 0-00007 0-0149 0-0149 0-0009 
0-002 0-725 0-737 0-012 0-615 46-8 0-00025 0-0155 0-0157 0-0018 
0-005 0-952 1-023 0-071 0-750 54:7 0:0013 0-0174 0-0187 0-0037 
0-010 1-066 1-285 0-219 0-754 53-3 0-0041 0-0200 0-0241 0-0058 
0-015 1-114 1-494 0-380 0-747 49-8 0-0075  0-0223 0-0298 0-0075 
0-02 1-142 1-664 0-522 0-732 46-6 0-0112 0-0245 0-0357 0-0088 
0-03 1-176 1-965 0-789 0-720 41-6 0-0190 0-0283 0-0473 0-0109 
0-05 1-216 2-467 1-251 0-710 35-1 0-0356  0-0346 0-0702 0-0144 
0-10 1-279 3-440 2-161 0-714 27-3 0-0793 0-0469 0-1262 0-0207 
0-15 1-330 4253 2-923 0-718 23-5 0-1244 0-0566 0-1810 0-0256 
0-20 1-375 4-987 3-612 0-743 21-2 0-1702 0-0648 0-2350 0-0298 
0-25 1-415 5-662 4-247 0-758 19-6 0-2165  0-0721 0-2886 0-0335 
0-30 1-452 6-318 4-866 0-773 18-4 0-2632 0-0787 0-3419 0-0368 


The following are the formule used in calculation; the letters 
refer to the corresponding columns. 


x x 
a= (O03 , =e). 839 thes 2 
b= ate g = Cl = /2x+0-02 
2 
g f 
d=6b- ex t=a-f 
ba 


g 

The dehydrating effect of salts having a common ion with the 
acid has not been dealt with experimentally in the present paper, 
since it is obvious that if the anion of the acid diminishes swelling, 
by increasing osmotic pressure and concentration, additional quan- 
tities of the same ion introduced as neutral salt must have the 
same effect. Even numerically, so long as the salt solutions are 
dilute, it is probably sufficient to take account of the common ion 
only, using the same mathematical formule as with the acid alone, 
but with more concentrated solutions, the effect on ionisation at 
least must be considered, and we can no longer assume that the 
colloidal salt is totally ionised. 
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It was shown in the earlier paper that when a salt with no 
common ion is introduced, as, for instance, sodium chloride into 
a solution of gelatin formate, a quadruple equilibrium is produced, 
in which each anion is in equilibrium with its own gelatin salt. 
This has been shown rather strikingly by a recent experiment with 
the substances just named, in which the gelatin was shown by 
analysis to have combined with as much as 3 per cent. of hydro- 
chloric acid derived from the sodium chloride. Similarly, in 
presence of large excess of sodium formate, hydrochloric would be 
replaced by formic in the gelatin salt, and this sort of reaction is 
not without bearing on some physiological problems. 

The question whether the action of neutral salt solutions on 
gelatin falls under the same theory still demands further study. 
It was shown in the previous paper (Joc. cit.) that sodium chloride 
was absorbed by gelatin from neutral solution with increased 
swelling, but was replaced and expelled by hydrochloric acid, in 
presence of which the absorption of salt was negative. Neutral 
salts may combine with amphoteric proteins, either by the anion 
becoming attached to the amino- and the cation to the carboxy- 
group, or the whole salt may be attached to the amino-group, as 
hydrogen chloride is to organic bases, by the nitrogen becoming 
quinquevalent; and the probable structure of the protein salt 
must be left to more purely organic chemists to decide, since either 
would fulfil the requirements of the present theory. 

Conclusions.—The swelling of gelatin in dilute acid solutions 
depends on the osmotic pressures and equality of products of a 
diacid ionisable salt of gelatin as a base, and of the external acid 
with which it is in equilibrium; and the ionisation-constants and 
molecular weight being known, all the other quantities are deter- 
mined. The method is general and applicable to other proteins 
and other acids. 

The ionic concentrations in the jelly are all mathematical 
functions of that of the equilibrium acid, and independent of the 
chemical nature of the gelatin or other protein. 

While gelatin jelly in equilibrium with an acid is believed to 
be a molecular solution, jellies and colloid solutions, in which the 
conditions of equilibrium are not fulfilled, are probably two-phased 
structures, and may exhibit the pores described by Biitschli and 
van Bemmelen. 
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XXXVI.—Absorption of Gases by Celluloid. 
By Victor LEFEBURE. 


THE discovery of the fact that celluloid films will take up gases was 
made in an indirect manner. It was proposed to use celluloid 
films as a basis on which to deposit plant pigments, in order to 
expose as large a surface as possible of the pigments to the action 
of certain gases. Amongst these gases was carbon dioxide, and on 
attempting a control experiment, using simply celluloid film and 
carbon dioxide, the film was found to take up a large quantity 
of gas. 

Considerable work has been carried out on the absorption of 
gases by membranes. The object of most of it, however, has either 
been to demonstrate the specific nature of diffusion through them 
or to establish a parallel to some physiological process in living 
organisms (compare Hill and H. E. Ridewood, Proc. Physiol. Soc., 
1899, 13—19). 

Few and more recent experiments have been concerned with the 
actual determination of the nature of the phenomenon by quanti- 
tative methods. Doubt still exists, however, on two essential points. 
First, the exact nature of the absorption in any particular case is 
not clearly established. Secondly, it is not known whether there 
is a general mechanism. 

We cannot experiment on the first point without throwing light 
on the second. 

In view of these facts, and knowing that celluloid offered certain 
advantages for experimental work, the experiments to be described 
were carried out. Both purely qualitative and actual quantitative 
experiments were commenced. Most of the latter are not yet 
complete. 

The apparatus and working method were common to all the 
above so-called qualitative experiments, and were as follows: 

The absorbing material was placed in A (Fig. 1), a tube con- 
nected by a mercury seal with the rest of the apparatus. 7’ led 
to a mercury pump. G was a mercury gauge. All the taps were 
opened except 7's, leading to the gas reservoir, and 74, leading to 
the atmosphere. The whole apparatus was freed from all gas, 
using the mercury pump, in the circuit of which was a phosphoric 
oxide tube. That a vacuum could be obtained over celluloid was 
found by leaving the exhausted apparatus, containing that material, 
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overnight. After twenty-four hours the apparatus was. still 
vacuous. 

T, and T, were now closed, and 7; and 7; were opened. Gas 
entered up to 7’, and into the tube 2B, and it was admitted to the 
actual apparatus by judicious use of 7’, and previous adjustment 
of R until the gauge G indicated atmospheric pressure. The whole 
operation of entry of gas did not occupy more than ten seconds. 
Any absorption now occurring would cause a rise in the gauge 
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arm g. This rise, measured at equilibrium, gave, for different 
samples in A, a comparative measure of the absorption. The 
measure might be thought untrustworthy owing to gas being taken 
up during the few seconds of entry. This correction was found 
to be small, and, further, a small heat evolution accompanying 
absorption must have neutralised this initial error. 

It should first be mentioned that all the gas taken up by the 
celluloid could be pumped off in a few hours. 

The following tables give the results of the experiments: 

VOL. CV. Z 
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Weight 
of film. Pressure difference 
Material. Grams. Temperature. in em. of mercury. 
Kinema film ...... 10 18 36-7 
Xylonite .......... 13-7 23 38-7 
3, Kodak film......... 10 18 37-15 
Greenberg’s Cel- 
_  eeerre 10 0 44-5 
Viscose ........2000. 10 18 2-65 
2a. Artificial silk .... 10 18 4-2 
Gelatin ............. 10 18 8-9 
** Precipitate’’ ... 5 18 6-0 
3 ( Refilmed film .... 10 22-4 
P Nitrocellulose .... 10 18-0 
Camphor .......... 10 <1-0 
Volume Absorbed at N.T.P. 
Celluloid ............ 10 40 c.c. approx. 
2b. Charcoal .......... 10 100 ,, _ 
Caoutchouc ...... 10 5—10 ,, a 


The conclusions to be drawn from these experiments may be 
summarised as follows: 

Series 1.—The effect is common to all kinds of celluloid 
examined. 

Series 2.—The effect is relatively specific for celluloid in so far 
as the materials examined were concerned (with the exception of 
caoutchouc and charcoal). 

Series 3.—The effect is not retained by the precipitated material 
(made by pouring the acetone solution into water). It is recovered 
to a large extent by the refilmed film. A more complete account 
of work on this “ precipitate” is being prepared. 

Experiments made by substituting for carbon dioxide the gases 
air and hydrogen showed the relative magnitudes of the effects to 
follow the same order as that in which the gases are mentioned, 
hydrogen being the least absorbed. 

Finally, diffusion of carbon dioxide through celluloid films was 
established. 

The quantitative experiments, the chief object of which was to 
determine the mechanism of the effect, were, and are, being carried 
out along three distinct lines. 

The experiments include determinations of : 

I. Rates of absorption at varying (a) temperature, (b) pressure, 
(c) dispersivity (defined below). 

II. Lquilibrium curves under varying conditions. 

III. Rates of diffusion under varying conditions. 

Dispersivity is a term which has been used to express the ratio 
of the total surface of a substance to its total volume. In the above 
experiments it is used in the sense of the ratio of total measurable 
external surface to total volume, unless otherwise stated. 
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Determinations of I and II have already been made, and 
although the data obtained are not yet complete enough to yield 
any definite conclusions, yet the curves will be given and their 
features indicated. 


I.—Rates of Absorption. 


The apparatus used will now be described, and at the same time 
the general experimental method given. 
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The experimental tube 7, (Fig. 2) rested against a scale S etched 
upon glass. 7'; was connected by means of the four-way piece F to 
(1) experimental bulb B through C, (2) mercury pump through P, 
and (3) gas reservoirs through P. 

From below 7, was in connexion with another clean tube T, 
through a tap A of large bore (to ensure freedom of movement 
of mercury column). 

Z2 
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For a determination the level, Z, in 7, was set at a convenient 
height at the lower end of the scaie. A was turned off. With R& 
closed the whole apparatus was completely exhausted. C and P 
were then closed, and gas was admitted from # at normal pressure. 
C was then opened, and the time taken. As soon as the desired 
pressure was attained (seen by the gas reservoir), 2 was closed and 
A opened, and readings of time and absorption were taken with 
the two levels adjusted. The gap between the first and second time 
readings was usually about thirty seconds, and the amount 
absorbed during that time was found by extrapolation. This was 
made possible by the close approximation of the initial part of the 
rate curve to a straight line. 


Preliminary Rate Readings with Varying Dispersivity. 


Rate curves were obtained for five samples of celluloid, coming 
from the same source, each weighing 5 grams and varying in 
thickness. 


Weight. Thickness. Area. 
Sample. Grams. Mm. Sq. cm. 
1 5 1-32 + 
2 5 0-75 155-23 
3 5 0-52 159-50 
+ 5 0-33 235-46 
5 5 0-25 309-41 
6 5 0-10 807-74 


The curves indicate that as the films become thinner, and with 
increasing dispersivity, the effect becomes more like “adsorption.” 
In fact, curve 6 (Fig. 3) shows clearly the two features of an 
initial rapid taking up of gas, followed by a very slow one, corre- 
sponding with adsorption, and later, solution attending slow 
diffusion. 

Observations on Initial Rates. 

The actual readings of time and absorption reveal better than 
the curves of the last series that the initial rates. are practically 
straight lines (Fig. 4). 

A case of pure solution would yield the relationship: initial 
rate » area of external surface, other factors remaining constant. 
The following figures are obtained, however: 


Sample. Initial rate. Area o 2%. 
6 26-7 807-7 5-2 
5 11-3 309-4 2-0 
4 5-4 235-5 1-5 
3 (5-4) 159-5 1-0 
2 1-0 155-2 1-0 
l — — — 


They indicate that no simple relationship exists, such as one 
would expect for true solution. The initial rate increases much 
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more rapidly than does the area. The initial rate will depend on 
some factor which will probably be capable of expression as a 
function of the surface, but is not directly proportional to the 
surface. Such a factor might be variation in surface structure 
owing to conditions of formation of the film, such as evaporation 
after rolling. 

A more definite view will be given when more comprehensive 
evidence is acquired. 


Variation of Temperature. 


Just sufficient readings were taken to indicate the general nature 
of the influence of temperature change. Sample (4) was thoroughly 
deprived of any gas held from the previous experiment. Rates 
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were then measured at the following temperatures: (a) 66°, using 
a bath of methyl alcohol vapour; (b) room temperature, 18°, using 
a cotton-wool covering ; and (c) temperature of melting ice. 

The curves (Fig. 5) indicate that with rise of temperature there 
occurs small change in rate of absorption but a decrease in total 
effect. 

It will be noticed that the initial rise in the curve, due presum- 
ably to adsorption on a rapidly attained surface, is not accentuated 
in the case of the ice-temperature experiment. This may be taken 
as another indication of the fact that any truly external surface 
is small compared with internal adsorption and solution. Interest- 
ing results are expected with curves for the temperature of boiling 
carbon dioxide. 
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Equilibrium Curves. 


The burette used to measure gas absorbed at varying pressures 
was similar to that used by Travers and Miss Homfray in their 
investigations on gas absorption by charcoal. The author is 
indebted to Miss Homfray for the use of parts of her original 
burette. 

The entire system, including gas generator, point burette, and 
gas burette, was, however, complete in itself. Carbon dioxide was 
generated in A (Fig. 6) by heating previously dried and pure mag- 
nesium carbonate. The gas passed through phosphoric oxide in B, 
and was collected by the pump C, which also served to exhaust the 
point burette #. The collected gas was carried in gas jars over 
mercury to the gas burette D, whence a known volume of it 
was passed through capillary tubing to Z. 

Two isotherms were obtained for the temperatures 0° and 18° 
by using baths of ice and layers of cotton-wool respectively. The 
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relationship between concentration in solid phase and concentra- 
tion in gas was plotted, and in both cases curves were obtained 
intermediate in form between the true adsorption curve and the 
solution straight line (Fig. 7). They tended, however, towards 
the straight line relationship, and in this connexion it is inter- 
esting to note the result of Reychler. This investigator, examin- 
ing the case of the absorption of sulphur dioxide by caoutchouc, 
drew the conclusion that it was probably a case of solution. The 
three readings on which the conclusion was based, however, occur 
between the pressures 34 cm. and 59 cm. of mercury. From 
the curves it is seen that three readings between these pressure 
limits might have been interpreted in terms of solution in our 
case of celluloid. If there is any analogy between the cases of 
indiarubber and celluloid, one might imagine that a continuation 
of Reychler’s readings would yield curves similar to those obtained 
for celluloid. 
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General Summary. 


The whole of the more preliminary work, both qualitative and 
quantitative, leads to the conclusion that the phenomenon is 
another case of adsorption, or a combination of adsorption and 
solution. We are then faced with the question as to what is the 
adsorbing surface. There are three possibilities, namely, I. Actual 
external surface seen by the naked eye. II. A surface of a similar 
nature, between celluloid and gas, presented by a porous structure 
developed within the celluloid mass, and in view of the observations 
below, probably near to the external surface of the celluloid; and 
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III. A surface between two phases which are the remains of the 
disperse and continuous phases of the colloidal system which 
celluloid admittedly possessed just previous to solidification by 
evaporation. 

These possibilities may be considered in turn, from the point 
of view of data already obtained. It should be remembered that 
any subsequent explanation is put forward with great reserve, 
subject to change when more data are acquired. 

I. If this be the state of affairs, then it can be detected from 
the isotherms for equal weights of celluloid with different surface 
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development. Considering the small variations of external surface 
exposed in the rate and equilibrium experiments already made, it 
is highly improbable that mere external surface is the only factor 
in the adsorption. 

II. It should be noted, however, that in the rate experiment with 
the thinnest film, where the rate curve indicated a true adsorption, 
the part of the curve indicating adsorption accounted for more 
than nine-tenths of the total gas taken in, and the time was less 
than one hour. Now this large initial effect must be concerned 
with some part of the celluloid which can be attained without 
slow diffusion, for in the experiments with the thicker films, where 
the influence of diffusion is greatest, hours passed before one-third 
of the total gas had been taken in. We are thus led to conclude 
that the initial effect, which becomes so large with the thinnest 
film, is concerned with some easily available surface between gas 
and celluloid. Such a surface might be caused by a development 
of porous structure within the mass, and near to the external 
surface of the celluloid. 

The experiments giving initial rates can now be appropriately 
considered. They indicated that a factor in absorption was some 
function of the actual external surface, increasing from film (1) to 
film (6) more rapidly than external surface. This factor, it was 
said, might be concerned with conditions of formation of the film, 
possibly some evaporative process. Porous structure would, no 
doubt, be influenced by this process; thus the two lines of evidence 
are capable of a similar explanation, that is, one in terms of a 
development of porosity at the surface. 

III. The surface between disperse and continuous phases will, 
no doubt, play an important part in the phenomenon, but its 
influence will not be discussed until more is known with regard 
to rates of diffusion through celluloid. 

The author desires to emphasise the tentative nature of the 
above observations, The primary object of this paper is to present 
the general nature of the phenomenon, rather than to give it a 
complete explanation. 


The author wishes to express his gratitude to Sir William Ramsay 
for the active interest taken in the early stages of this research, 
and his great indebtedness to Professor F. G. Donnan and Dr. 
Whytlaw-Gray for help received throughout the work. He also 
wishes to acknowledge the kind assistance of Mr. R. S. Felgate in 
the determinations of rates of absorption. 
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XXXVII.—6’-Aminoquercetin. 
By Epwin Roy Watson. 


QuERcETIN is a natural hydroxy ketonic dye of considerable value 
on account of its cheapness and the fastness of the shades obtained 
with it on suitable mordants. Other members of the flavone group 
are also valuable for similar reasons. The chief limitation of the 
group seems to lie in the fact that the colour never goes beyond 
yellow, orange, or brown shades. It seemed, therefore, of interest 
and value to attempt to prepare derivatives which, whilst retaining 
the fastness of the original dyes, would yield deeper shades, such as 
red, violet, or blue. 

The first method which suggested itself for fulfilling this object 
was the introduction of additional auxochrome groups. This 
method has proved very useful in the alizarin group of dyes and 
there are many cases where the addition of one or two more auxo- 
chromes causes a great deepening of colour (compare brazilein and 
heematein, flvorescein and gallein). There were, certainly, reasons 
for not expecting too much from the addition of more auxochromes 
in this group. Myricetin and quercetin have not appreciably 
deeper shades than luteolin, although they contain two and one 
additional hydroxyl groups respectively. It could be argued, how- 
ever, that much might depend on the positions of the auxochromes, 
thus, anthracene-blue, W.R., 1:2:4:5:6:8-hexahydroxyanthra- 
quinone, dyes blue shades on chrome and rufigallol, 1:2:3:5:6:7- 
hexahydroxyanthraquinone, gives only brown shades on the same 
mordant. At any rate, it appeared worth while to introduce an 
additional auxochrome into quercetin and observe the effect on 
the colour of the dye. The preparation of a hydroxyquercetin 
possessed the further interest that it might prove identical with 
myricetin, gossypetin, or quercetagetin, and thus confirm or help 
in arriving at the constitutional formule of these substances. 

By the complete methylation of quercetin to protect the molecule, 
‘ nitration, reduction, and subsequent demethylation, 6/-aminoquer- 
cetin was obtained. Attempts to convert the amino-group into a 
hydroxyl group by diazotisation and boiling with water or dilute 
acid have not as yet been successful. 6/-Aminoquercetin dyes 
almost the same shades as quercetin, and its preparation did not 
thus effect the primary object of this investigation. The subsequent 
investigation of quercetagetin and gossypetin (A. G. Perkin, T., 1913, 
108, 209, 650) seems to show that the multiplication of auxochrome 
groups, whatever positions they may occupy, will not appreciably 
deepen the colour in this group of dyes. 
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Further work on somewhat different lines has been more suc- 
cessful and has resulted in the preparation of derivatives of quer- 
cetin which dye violet and blue shades. These will be described 
in a subsequent communication. 

In the course of this investigation, several oxonium salts of 
quercetin pentamethyl ether were isolated, namely, the hydrochloride, 
Cy9H0;,HCl, the hydrobromide, C»H0;,HBr, the sulphate, 
CoH )07,H,SO,, and the nitrate, CyH,0;,HNO;; also dibromo- 
quercetin pentamethyl ether hydrobromide, C)H,,0;Br.,HBr. 
These compounds are all of a bright yellow colour and easily pre- 
pared. Their formation was rather unexpected, as, although quer- 
cetin itself readily gives such bright yellow oxonium salts, pro- 
gressive methylation seems to reduce the tendency to form com- 
pounds of this character. Rhamnetin and rhamnazin yield 
sulphates with difficulty, but no compounds with the halogen acids 
(A. G. Perkin, T., 1896, 69, 1439) and quercetin tetramethyl ether 
only forms a very unstable sulphate. Their bright yellow colour 
indicates that they should be assigned a quinonoid structure 
such as: 


eH, 
CH,: Of Vy So Y=o< Gis 
\ JoorcHs 
cH,0 Gon 


These compounds seem somewhat comparable with the hydro- 
chloride of fluorescein diethyl ether which is of an intense yellow 
colour and decomposed by water (Nietzki and Schroter, Ber., 1895, 
28, 50), and most, if not all, become bright red on the surface if 
left exposed to the air, although, for the present, no explanation 
of this behaviour can be offered. 


EXPERIMENTAL. 


Preparation of Quercetin Pentamethyl Ether.—This was effected 
by a modification of Valiaschko’s process (Arch. Pharm., 1904, 242, 
242; Ber., 1909, 42, 727). Herzig and Hofmann’s simpler process 
(Ber., 1909, 42, 155) was tried without success. In preparing 
quercetin trimethyl ether from quercetin by treatment with potass- 
ium hydroxide and methyl sulphate in methyl-alcoholic solution, 
it was found necessary to add the methyl sulphate and then the 
alcoholic potassium hydroxide as quickly as possible to the boiling 
solution, instead of gradually, as recommended by Valiaschko. 
For the later stage of the process, namely, conversion of the tri- 
methyl ether into the pentamethyl ether through the potassium 
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salt, it was found necessary to leave a little excess of potassium 
hydroxide in contact with the potassium salt. 

6/-Nitroquercetin Pentamethyl Ether, C,,H,O.(OMe),*NO,.—Five 
grams of finely-powdered quercetin pentamethyl ether were added 
gradually to 50 c.c. of cold nitric acid (D 1°4 which had been boiled 
with carbamide nitrate), in which it dissolved to a clear yellow- 
brown solution. This was poured slowly into 24 litres of cold 
water, kept stirring, and the mixture was then boiled until the 
gelatinous precipitate changed into bright yellow, needle-shaped 
crystals. After cooling, the crystals (5°15 grams) were collected, 
washed with water, and dried. The substance may be rendered 
pure by one or two recrystallisations from acetone, from which 
solvent it is deposited in golden-yellow, needle-shaped crystals 
melting at 202—204°. It can also be conveniently crystallised 
from ethyl alcohol, methyl alcohol, ethyl acetate, or benzene; is 
very soluble even in cold chloroform or acetic acid; and is insoluble 
in ether, carbon disulphide, or light petroleum. It dissolves in 
cold sulphuric acid to a deep reddish-brown solution and is pre- 
cipitated unchanged on pouring this solution into water. 

0°1134 gave 0°2405 CO, and 0°0463 H,O. C=57°83; H=4°53. 

0°1487 ,, 4°7 c.c. N, (moist) at 14° and 769 mm. N=3°76. 

0°1516 ,, 04187 AgI. Me=17°6l. 

CopH9O,N requires C=57°55; H=4'55; N=3'35; 
Me=17°98 per cent. 

The above-described method of nitration is the only one by which 
a good yield of the mononitro-compound has yet been obtained. In 
small quantity (up to 10 per cent.), together with oxidation pro- 
ducts, it was formed by the action of boiling dilute aqueous nitric 
acid on quercetin pentamethy! ether or by nitrating this substance 
in the cold in glacial acetic acid solution. 

6/-Aminoquercetin Pentamethyl Ether, C,;HsO.(OMe);-NH,.— 
The preceding nitro-compound was readily reduced by tin and 
alcoholic hydrochloric acid, yielding the hydrochloride of 6/-amino- 
quercetin pentamethyl ether. Five grams of the finely-powdered 
mononitro-compound were mixed with 150 c.c. of alcohol, 15 c.c. 
of concentrated hydrochloric acid and 5 grams of finely granulated 
tin, and the mixture kept nearly boiling. After some time, another 
15 c.c. of hydrochloric acid and 5 grams of tin were added. In 
about two hours, reduction was complete, and the fine, white, needle- 
shaped crystals produced were collected, dried, and dissolved in 
2 litres of boiling water to which a little dilute hydrochloric acid 
had been added. The solution was filtered hot and treated at once 
with sodium carbonate solution until alkaline, which precipitated 
the free base as a sandy deposit of rhombic crystals. 3°5 Grams 
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were thus obtained, being a yield of 70 per cent. on the weight of 
nitro-compound taken. No further quantity could be isolated by 
working up the mother liquors. 

The substance can be purified by recrystallisation from benzene, 
from which solvent it is deposited in white, stout, heavy prisms, 
melting at 200—202°. It can also be conveniently crystallised 
from hot ethyl or methyl alcohol, acetone, or ethyl acetate. It is 
very soluble even in cold chloroform, but practically insoluble in 
ether, light petroleum, or carbon disulphide. 

0°1095 gave 0°2493 CO, and 0°0534 H,O. C=62°09; H=5'41. 

071353 ,, 4°7 c.c. No (moist) at 30° and 758 mm. N=3°7. 

071523 ,, 0°4553 AgIl. Me=19°06. 

C.9H,,0,N requires C=62°01; H=5°42; N=3°61; 
Me=19°37 per cent. 
6/-Aminoquercetin Pentamethyl Ether Hydrochloride, 
C,;H,0,(OMe),"N H.,HCl. 

—This substance was obtained in fine, white, needle-shaped crys- 
tals in the reduction of nitroquercetin pentamethyl ether. It was 
also prepared by boiling the free base with dilute hydrochloric 
acid. On cooling the solution, fine, white, needle-shaped crystals 
were deposited, which were collected and dried in a vacuum over 
soda-lime, when they melted and decomposed at 245—247°. The 
pure dry compound dissolves in cold water, owing to decomposition 
of the salt and the formation of a pseudo-solution of the base, but, 
after a short time, crystals of the free base are deposited. 

0°4886 was neutralised by 11°2 c.c. V/10-KOH; HCl=8:37. 

C,)H,,0,N,HCl requires HCl=8°61 per cent. 
6/-A minoquercetin Pentamethyl Ether Sulphate, 
C,;H,0,(OMe),"N H,,H,SO, 
—This salt was prepared by dissolving the free base in boiling 
dilute sulphuric acid (1:20). On cooling the solution, white, 
needle-shaped crystals separated, which melted and decomposed at 
245—2479, 


0°2020 was neutralised by 8:2 c.c. V/10-KOH; H,SO,=19°89. 
C,9H,,0,N,H,SO, requires H,SO,= 20°20 per cent. 
6/-Diacetylaminoquercetin Pentamethyl Ether, 
C,;H,O,(OMe),;"NAcy. 

—Aminoquercetin pentamethyl ether was boiled with excess of 
acetic anhydride fer several hours. The solution was then filtered 
hot and, after the addition of alcohol, evaporated on the water- 
bath. The residue, which almost immediately became solid, was 
recrystallised from alcohol. If necessary, the whole process was 
repeated. The substance crystallises in white prisms, melts at 185°, 
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is readily soluble in acetic acid, but less so in alcohol. It has an 
exceedingly bitter taste, whilst neither pentacetylquercetin, hept- 
acetylaminoquercetin, nor quercetin pentamethyl ether possesses 
this property. 

0°1249 gave 0°2809 CO, and 0°0596 H,O. C=61°34; H=5:30. 

071990 ,, 5°8c.c. N, (moist) at 28° and 759 mm. N=3'19. 

0°2716 ,, 11°6 cc. V/10-acetic acid; C,H,O,=25°6. 

C,,H,;O0,N requires C=61'1; H=5°3; N=2°9; 
C,H,0O,=25°5 per cent. 

Incomplete acetylation gave also another substance, less soluble 
in alcohol and precipitated on adding alcohol to the acetylation 
mixture. This melts at 223—226° (see P., 1911, 27, 163) and is 
probably monoacetylaminoquercetin pentamethyl ether, 

C,;H,0,(OMe),*NHAc. 

6/-Aminoquercetin Hydriodide, C,;H,O,(OH),;-NH,,HI.—This 
substance was isolated as the chief product in demethylating 
6/-aminoquercetin pentamethyl ether with hydriodic acid. The 
same reagent effected the simultaneous reduction and demethyla- 
tion of 6/-nitroquercetin pentamethyl ether and there was no 
advantage in isolating the intermediate aminopentamethyl ether. 
Five grams of 6/-nitroquercetin pentamethyl ether were gently boiled 
for an hour with 150 c.c. of hydriodic acid (D1°7). Then the mix- 
ture was boiled vigorously until most of the hydriodic acid was 
distilled off and only 10—15 c.c. remained. Water was added to 
the residue, making the bulk up to 750 c.c., sulphur dioxide was 
passed in until all free iodine was destroyed, the mixture was boiled 
and filtered hot to remove a little insoluble matter, and the bright 
orange-red filtrate was concentrated. On cooling, aminoquercetin 
hydriodide separated in orange-coloured nodules, was collected, 
washed with a little aqueous sulphur dioxide, and dried. Three 
grams of the deep orange hydriodide were thus obtained. Attempts 
to isolate a further quantity by concentrating the mother liquor 
were unsuccessful, and it was found advisable, in later preparations, 
to work up the mother liquor to give the remainder of the amino- 
quercetin as hydrochloride. 6/-Aminoquercetin hydriodide is 
fairly soluble in hot dilute hydrochloric acid, but much less so in 
the cold. It is partly decomposed on boiling with water. 

6/-A minoquercetin Hydrochloride, C,;H,O,(OH),*-NH,,HCl.—For 
the preparation of this salt, 6/-nitroquercetin pentamethyl ether 
was boiled with hydriodic acid for an hour as described in the pre- 
ceding paragraph. The product was then poured into nine times 
its bulk of water, freed from iodine by sulphur dioxide or a slight 
excess of sodium hydrogen sulphite solution, filtered to remove a 
certain amount of insoluble matter, and treated with excess of solid 
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sodium acetate. The sodium acetate produced a bulky, gelatinous, 
yellow precipitate of a sodium salt of aminoquercetin, and this was 
collected and washed with cold water as rapidly as possible. The 
precipitate must not be allowed to remain in the air or it will be 
partly oxidised to dark-coloured products. It was then dissolved 
in boiling dilute hydrochloric acid (1 part of hydrochloric acid to 
12 parts of water) and the solution concentrated. On cooling, 
aminoquercetin hydrochloride was deposited in buff-yellow, fine, 
needle-shaped crystals in radiate aggregates, which were collected, 
washed two or three times with small quantities of cold dilute 
hydrochloric acid, and dried in the steam-oven, care being taken 
not to break up the cake or expose a larger surface than possible 
to the air while moist. For purification, it was recrystallised from 
dilute hydrochloric acid, avoiding any unnecessary oxidation. 
When free from oxidation products, aminoquercetin hydrochloride 
is of a buff-yellow colour, and readily soluble in hot dilute hydro- 
chloric acid, but much less so in the cold. It does not melt even at 
330°. On boiling the dry salt with water, it is partly decomposed. 


0°1150 gave 4°0 c.c. Ny (moist) at 18° and 755 mm. N=3'98. 
C,;H,,0,N,HCl requires N =3°96 per cent. 


The most successful preparations gave 60 per cent. of amino- 
quercetin hydrochloride, reckoned on the weight of the nitro-penta- 
methyl ether taken. 

6/-Aminoquercetin Sulphate, C,;H,O.(OH);*NH,,H,SO,.—On 
substituting dilute sulphuric acid for hydrochloric acid in the pre- 
ceding preparation, there was obtained aminoquercetin sulphate in 
buff-yellow nodules or warts. A quantity of sulphate was also 
obtained from the hydrolysis of hepta-acetylaminoquercetin by 
sulphuric acid in alcohol and, on adding warm water and allowing 
to remain, the sulphate was deposited in aggregates of fine needles. 
It melts and decomposes at 222—227°: 


0°1314 gave 3°8 c.c. N, (moist) at 30° and 756mm. N=3°'12. 
C,;H,,0,N,H,SO, requires N=3°37 per cent. 


6/-Aminoquercetin, C,;H,O,(OH);-NH,.—Only the following 
method was found successful for the liberation of the free base from 
the above-mentioned salts:—To one gram of the dry salt (hydro- 
chloride or hydriodide) were added 15 c.c. of pyridine and 30 c.c. 
of hot water and the mixture was kept just on the point of boiling. 
After a short time, crystals began to appear, chiefly at the surface 
of the liquid and on the sides of the flask above the liquid, and 
these, on keeping, increased in quantity. Forty-five c.c. of boiling 
absolute alcohol were now added, the mixture once more brought 
to the boiling point and allowed to cool, and the crystals which 
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separated were at once collected, washed with absolute alcohol, and 
dried. From 1 gram of the hydriodide, only about 0°3 gram of 
the base was obtained. 6/-Aminoquercetin consists of buff-yellow, 
fine, needleshaped crystals, almost insoluble in alcohol, acetone, 
chloroform, ethyl acetate, phenol, or nitrobenzene. No suitable 
solvent for its recrystallisation was discovered. It does not melt, 
but blackens and decomposes about 320°. 

The following analyses were carried out with the substance dried 
at 150°: 

0°1171 gave 0°2434 CO, and 0°0401 H,O. C=56°68; H=3°80. 

0°1066 ,, 44 c.c. N, (moist) at 24° and 760mm. N=4'62. 

C,;H,,0;N requires C=56'78; H=3'47; N=4°41 per cent. 

Position of the Amino-group in Aminoquercetin.—This was de- 
termined, indirectly, by ascertaining the position of the nitro-group 
in the nitroquercetin pentamethyl ether from which aminoquer- 
cetin is obtained. The nitro-pentamethyl ether was oxidised by 
potassium permanganate and gave 6-nitroveratric acid, 


NO, 
CO,HC Some, 
OMe 


as one of the products. Four grams of the nitro-pentamethyl ether 
were dissolved in cold sulphuric acid and reprecipitated by pouring 
the solution into a large volume of water. The substance was thus 
obtained in a finely-divided, amorphous condition. After washing, 
it was rubbed into a paste with a cold aqueous solution of 10 grams 
of potassium permanganate and allowed to remain over-night. By 
the next morning the pink colour of the permanganate had com- 
pletely disappeared. The precipitated manganese dioxide was 
filtered off, the filtrate acidified with hydrochloric acid, and 
extracted with ether. On spontaneous evaporation, the ethereal 
extract left a yellow oil which quickly solidified. This was recrys- 
tallised from benzene and found to be 6-nitroveratric acid (Ber., 
1876, 9, 938). 

Dyeing Properties of 6/-Aminoquercetin—Full dyeings of the 
following shades were obtained on wool with 4 per cent. of the 
dye-stuff (reckoned on the weight of the wool): pure brown on 
chrome, yellowish-brown on alum, orange-red on tin, and brownish- 
black on iron. The shades on chrome and alum were browner, on 
tin redder and deeper, than those obtained by comparative tests 
with quercetin. 

Hepta-acetyl-6/-aminoquercetin, C,;H,O,(OAc),*NAc,. — This 
characteristic derivative of aminoquercetin was obtained from the 
free base or its salts by boiling with acetic anhydride for an hour. 
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The acetyl derivative was precipitated in crystalline form by 
adding alcohol. For purification, it was again dissolved in 
acetic anhydride, boiled for half-an-hour, and precipitated by 
alcohol. The acetylation of the hydrochloride was effected by 
boiling together for one and a-half hours 1 gram of the well-dried 
hydrochloride, 1 gram of fused sodium acetate, and 5 c.c. of acetic 
anhydride. An equal volume of glacial acetic acid was then added 
and the mixture poured into excess of water. The acetyl derivative 
was precipitated as a white, amorphous powder, which was collected, 
dried, and purified by dissolving in acetic anhydride, boiling for 
half-an-hour, and precipitating by alcohol. By either method, it 
was obtained in white, rhombic crystals, melting at 151—153°, 
sparingly soluble in alcohol, readily so in glacial acetic acid or 
acetic anhydride. This derivative serves to characterise 6/-amino- 
quercetin : 


0°1275 gave 0°2671 CO, and 0°0510 H,O. C=57'12; H=4°44, 
0°2033 ,, 4°5 cc. Ny (moist) at 21° and 755 mm. N=2°50. 
0°4967 ,, 56°9 cc. V/10-acetic acid =68°7. 
C,9H,;0,,N requires C=56'95; H=4:°09; N=2°29; 
C,H,0O,=68°7 per cent. 


If acetylation has not been complete, there is also formed another 
substance melting above 200° which is probably the hexa-acetyl 
derivative. , 


Quercetin Pentamethyl Ether Diazonium Chloride, 
C,;H,O,(OMe),"N,Cl. 


One gram of finely-powdered 6/-aminoquercetin pentamethyl 
ether was treated with 10 c.c. of water and 2°8 c.c. of concentrated 
hydrochloric acid, warmed and mixed thoroughly to convert the 
base entirely into hydrochloride. On adding 9 c.c. of a solution of 
sodium nitrite (1:50) to the cooled mixture, the stiff, white paste 
of hydrochloride became yellow and passed almost entirely into 
solution. On scratching the sides of the tube, the diazonium 
chloride was precipitated as yellow needles. After two hours, these 
were collected, washed with benzene and dried on a porous tile, 
and afterwards over soda-lime in a desiccator. This substance is 
readily soluble in eold water or dilute hydrochloric acid and in 
alcohol. From solution in the latter medium, it cau be precipi- 
tated in the crystalline form by ether. Its solution in water or 
dilute hydrochloric acid gives at once a crimson precipitate with an 
alkaline solution of B-naphthol. The aqueous solution is fairly 
stable and gives the diazo-reaction, even after a few minutes’ boiling. 
VOL. CV. ee 
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The solid, on keeping in the air, becomes red on the surface. When 
heated in the steam-oven, it: loses most of its nitrogen: 
(1) 0°1376 gave 7°1 c.c. N, (moist) at 19° and 749mm. N=5'84. 
(2) 0°1520 ,, 82 c.c. Ny (moist) at 30° and 755mm. N=5°81. 
C,)»H,50,N,Cl requires N=6°44 per cent. 
[Sample (2) was purified by solution in alcohol and re-precipita- 
tion with ether.] 
Quercetin Pentamethyl Ether Diazonium Sulphate, 
C,;H,0,(OMe),*N,HSO,. 
—This substance was gradually precipitated in short, needle-shaped 
crystals on the addition of dilute sulphuric acid (1:4) to a cold 
saturated aqueous solution of the diazonium chloride: 
0°1520 gave 6°9 c.c. N, (moist) at 30° and 756 mm. N=4'90. 
Cy9H90},N.S requires N=5°64 per cent. 
6/-B-Naphtholazoquercetin Pentamethyl Ether, © 
C,,;H,0,(OMe),"N,°C,,H,-OH. 
—One gram of 6/-aminoquercetin pentamethyl ether was diazotised 
as described in the preparation ot the diazonium chloride, water 
(about 100 c.c.) was then added until all the diazonium chloride 
had dissolved, and this liquid was added gradually to a solution 
of 0°4 gram of B-naphthol and 1°9 grams of potassium hydroxide 
in 50 cc. of water. The gelatinous, crimson precipitate was 
collected, washed, dried, and recrystallised: from glacial acetic 
acid, from which solvent it was deposited in needle-shaped, crimson 
crystals, melting and decomposing at 222—225° (compare P., loc. 
cit. The sample meiting at 211° was not pure). It is fairly 
soluble in alcohol, insoluble in aqueous alkalis, and dissolves in 
sulphuric acid with an indigo-blue colour: 
0°1521 gave 7°1 c.c. N, (moist) at 29° and 758 mm. N=5°09. 
Cy,H.,OgN, requires N=5'16 per cent. 


Trimtroquercetin Pentamethyl Ether (1%), C;;H,O.(OMe);(NO,)s. 


When quercetin pentamethyl ether was dissolved in cold fuming 
nitric acid and the solution poured into water, there was precipi- 
tated a canary-yellow substance which, on boiling the mixture, 
became granular. This substance, after filtering and washing, was 
treated with dilute aqueous ammonia, when a considerable portion 
dissolved, forming a brownish-red solution. The residue, on 
analysis, was found to contain a percentage of nitrogen corresponding 
nearly with trinitroquercetin pentamethyl ether. Attempts to 
recrystallise this compound were not successful. It was scarcely 
soluble in alcohol, acetone, benzene, or acetic acid, but was readily 
so in nitrobenzene, and melted at 190—205°: 
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0°0652 gave 4°9 c.c. N. (moist) at 14° and 761 mm. N=8°86. 
C.9H,7,0;,;N, requires N=8'28 per cent. 


Dibromoquercetin Pentamethyl Ether Hydrobromide, 
C,;H,0,(OMe),Br,,H Br.* 


This oxonium salt was obtained by brominating quercetin penta- 
methyl ether either in glacial acetic acid or in carbon disulphide 
solution, for example, 2°5 grams of the pentamethyl ether were 
dissolved in 20 c.c. of glacial acetic acid and to this solution, when 
cold, were added, gradually, 2°2 grams of bromine (2 mols.) also 
dissolved in about 20 c.c. of glacial acetic acid. At once a deep 
crimson liquid and precipitate were formed, which soon, however, 
became light yellow. When the whole of the bromine had been 
added, the mixture soon became a semi-solid, bright yellow mass 
of fine, needle-shaped crystals. It was thoroughly stirred at inter- 
vals and after keeping over-night the precipitate was collected and 
washed with acetic acid. 

Dibromoquercetin Pentamethyl Ether, C,;Hs0,(OMe),Br,,EtOH. 
—The oxonium hydrobromide prepared as above was, without 
drying, treated with about 50 c.c. of alcohol which turned the 
surface of the mass crimson. On warming, the whole dissolved, 
and, on cooling, the solution deposited about 1°5 grams of the new 
substance in almost colourless crystals. It was purified by recrys- 
tallisation from benzene, which did not eliminate the molecule of 
ethyl alcohol. It is readily soluble in hot alcohol, still more so 
in hot benzene, and crystallises in prisms which, when deposited 
from benzene, are short, and arranged in sheaves. It melts at 
173—175°: 

0°1255 gave 0°2119 CO, and 0°0467 H,O; C=46:04; H=4:13. 

0°2507 ,, 01640 AgBr. Br=27°84. 

C,.H,0,Br, requires C=45°84; H=4'16; Br=27'77 per cent. 

As quercetin was produced by the demethylation of this substance 
with hydriodic acid, it could not be dibromoethoxyquercetin penta- 
methyl ether. 

Monobromoquercetin Pentamethyl Ether, C,;H,O.(OMe),Br.— 
This was obtained by boiling dibromoquercetin pentamethyl ether 
hydrobromide with water. From each molecule of the oxonium 
hydrobromide approximately two molecules of monobasic acid were 
liberated, perhaps in accordance with the equation: 


C,;H,0,(OMe),Br,,HBr+H,O = HBr +HBr0 + C,;H,O,(OMe),Br. 


* This and the following bromo-derivatives were prepared with the idea that 
they might be more readily nitrated than quercetin pentamethyl ether; the 
successful preparation of nitroquerceiin pentamethyl ether rendered their use, 
however, unnecessary. 
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A sample of the oxonium hydrobromide, carefully washed with 
acetic acid, was dried on a porous tile and finally, for several days, 
over soda-lime in a vacuum desiccator, being removed from time 
to time, finely powdered and replaced in ‘the desiccator. After 
boiling with water, 0°3887 gram gave 11°2 c.c. W/10-acid, whilst 
the above equation requires 12°7 c.c. 

The insoluble product was recrystallised from benzene or alcohol 
and obtained in needles melting at 215°. It was of a light cream 
colour and was not readily soluble in either of the above-mentioned 
solvents. 

The same substance was obtained directly by the bromination of 
quercetin pentamethyl ether in acetic acid solution in the presence 
of fused sodium acetate: 1 gram of the pentamethyl ether was 
brominated as in the preparation of the dibromo-oxonium hydro- 
bromide, except that 15 grams of fused sodium acetate were dis- 
solved with the pentamethyl ether in acetic acid before the bromine 
was added. A cream-coloured precipitate of apparently uniform 
needles was at once obtained. After remaining over-night, the 
precipitate (0°65 gram) was collected, washed with acetic acid, and 
recrystallised from benzene. 

0°1217 gave 0°2345 CO, and 0°0438 H,O. C=52°88; H=4:°08. 

0°2522 ,, 0°1054 AgBr. Br=17°80. 

C.9H,,0,Br requires C=53'21; H=4'21; Br=17°75 per cent. 


Dibromonitroquercetin Pentamethyl Ether (?), 
C,;H,0,(OMe),Br,*NOz. 

One gram of dibromoquercetin pentamethyl ether was dissolved 
in cold nitric acid (D 1°4) and the solution poured into water. The 
precipitate was collected, recrystallised from alcohol, and again 
from acetone, and was thus obtained in rhombic crystals of a pale 
yellow colour melting at 173—175°: 

0°1072 gave 2°4 c.c. N, (moist) at 14° and 773 mm. N=2'67. 

Cy9H,,O,NBr, requires N=2°43 per cent. 

The peculiar behaviour of dibromoquercetin pentamethyl ether 
makes it unwise, however, to definitely assign the above formula 
to this compound without further analysis. 


Quercetin Pentamethyl Ether Oxonium Salts, Cy9H»90;,HCl ; 
Cy9H2907,HBr ; Cop>H207;H,SO,; and Cy 9H .07,,HNOs. 


The first three of: these oxonium salts were prepared by dissolving 
the pentamethyl ether in glacial acetic acid and adding the corre- 
sponding acids in a concentrated form, and separated in yellow, 
needle-shaped crystals. They were collected, washed with | glacial 
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acetic acid, dried on a porous tile, and finally over soda-lime in a 
vacuum, being once or twice finely powdered to expose a fresh 
surface. The sulphate could be dried in the steam-oven without 
decomposition. These substances were analysed by boiling with 
water, filtering, and titrating the filtrate: 

0°3471 hydrochloride gave 8°5 c.c. V/10-acid; HC1=8'9. 

C.9H907,HCl requires HCl=8'9 per cent. 
0°4240 hydrobromide (still containing a trace of acetic acid) gave 
10°6 c.c. V/10-acid, and 0°1672 AgBr; HBr=17°4l. 
C,9H.,0,,HBr requires HBr=17°88 per cent. 
0°2904 sulphate gave 12°2 c.c. V/10-acid; H,SO,=20°6. 
C,)»H,,07,H,SO, requires H,SO,=20°85 per cent. 

All these salts showed a tendency to develop a red colour; the 
hydrochloride and hydrobromide became red on the surface when 
left on the tile, and the sulphate became salmon-coloured when 
heated to 100°. 

The nitrate was prepared by adding concentrated nitric acid in 
the cold to a solution of quercetin pentamethyl ether in glacial 
acetic acid in the presence of carbamide nitrate, but, in this way, 
could not be freed from carbamide nitrate. It was also obtained 
by adding concentrated nitric acid to a cold solution of quercetin 
pentamethyl ether in absolute alcohol and separated as a bright 
yellow precipitate of needle-shaped crystals. It was collected and 
at once dried on a porous tile and over soda-lime in a vacuum. 
It could not be washed with alcohol without decomposition, nor 
with acetic acid as, in this medium, in the absence of carbamide 
nitrate, it is at once attacked by the nitric acid with the liberation 
of nitrous fumes: 

0°2433 (dried without washing) gave 76 c.c. W/10-acid; 

HNO, =19 6. , 
0°2541 (washed with alcohol) gave 5:1 c.c. V/10-acid; HNO,=12°6. 
C.95Hy0,,HNO, requires HNO,=14'4 per cent. 


In conclusion, I wish to express my very great indebtedness to 
Mr. A. G. Perkin, F.R.S., who pointed out to me the advantages 
of choosing quercetin as a starting point for researches such as I 
had in view, and who has, throughout the work here described, 
assisted me by continual advice and guidance. 


CLoTHworKERs’ RESEARCH LABORATORY, 
Lreevs UNIVERSITY. 
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XXXVIII.—The Mutual Solubility of Formic Acid and 
Benzene, and the System: Benzene-Formic Acid 


—Water. } 
By Artuur JaMes EwIns. 
Tue work which has hitherto been carried out on the mutual solu- 
bility of various pairs of liquids has been summarised by Rothmund 
(“Léslichkeit und Léslichkeitsbeeinfliissung,” 1907, pp. 66—78). 
From the data there brought together it appears that of about forty 
pairs of liquids studied, some twenty-five to thirty consist of pairs 
of liquids of which one component is water. This liquid, as is well 
known, possesses a very high dielectric constant. Methyl alcohol, 
which also has a high dielectric constant, is also a component cf 
two other systems. It seemed probable, therefore, that some otier 
liquid possessing a high dielectric constant might also be partly 
miscible with certain organic liquids. A few preliminary experi- 
ments with formic acid * showed that this liquid was, indeed, partly 
miscible with a number of liquids, among which were the following : 


Ethylene dibromide Benzene 
Methyl iodide Bromobenzene 
Ethyl iodide Toluene 
Acetylene tetrachloride Xylene 
Carbon tetrachloride Safrole 
Amylene (Trimethylethylene) isoSafrole 
zsoAmyl ether Phenetole 
tsoAmyl chloride Anisole 


All these mixtures showed maximal critical solution temperat-1res. 
Further investigation would, in all probability, considerably add 
to their number. 

Of these binary mixtures, that consisting of formic acid and 
benzene was considered to be most advantageous for the purpose 
of a detailed investigation. The critical solution temperature is 
well within the limits of experimental determination, but, at the 
same time, admits of the mutual solubility of the liquids being 
determined over a fairly considerable range of temperature. There 
was no likelihood of any interaction between the two components, 
and both liquids are readily obtainable in a fairly pure condition. 
Additional interest attached to the investigation, since the deter- 
mination of the critical solution temperature should afford the most 
reliable method of ascertaining the purity of both liquids and, con- 
sequently, of establishing for these liquids such physical constants 
as melting points, boiling points, density, etc., concerning which a 

* According to Thwing (Zeitsch. physikal. Chem., 1894, 14, 293), the value of 
the dielectric constant of formic acid is 62°0, whilst Drude (ibid., 1897, 23, 308) 
gives 57°0. 
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considerable amount of uncertainty at present exists, especially 
with regard to formic acid. The selection of benzene and formic 
acid was further influenced by the fact that the addition of water 
to this binary system gives a tertiary system which is of interest 
owing to the peculiar character of the system so formed. Formic 
acid is completely miscible with water under all ordinary conditions. 
Benzene and water are, however, practically immiscible, their mutual 
solubility being extremely small. These three liquids, therefore, 
form an extreme case of a system of three components which can 
form two pairs of partly-miscible liquids. Systems of this class 
have been previously studied by Schreinemakers (Zeitsch. phystkal. 
Chem., 1898, 27, 95; 1899, 29, 577), the most closely analogous 
system being that of which the components are phenol, water, and 
aniline. It must be noted, however, that the analogy is represented 
thus: 


A phenol formic acid 
B water benzene 
C aniline water 


where A and B, and B and C are partly miscible liquids, A and C 
being, in each case, completely miscible. Owing, however, to the 
very slight mutual solubility of benzene and water, the region of 
heterogeneous systems is very much more extended in the system 
under investigation, as is seen from the curve shown later (Fig. 4). 


EXPERIMENTAL. 
The Preparation of Pure Formic Acid. 


Examination of the literature shows that there is a very con- 
siderable variation in the melting and boiling points which have 
been recorded for formic acid from time to time. This is seen from 
the following table: 


Melting Boiling 


point point. 
8-6° — Berthelot (Annalen, 1855, 98, 139) 
8-43° 100-5° Pettersen and Eckstrand (Ber, 1880,13, 1191) 
—  100-8° Zander (Annalen, 1884, 224, 59) 
7-8° 100-4°/759 mm — (Zettsch. physikal. Chem., 1891, 7, 
446) 
8-2° 101-0°/760 mm. Kahlbaum (Ber., 1883, 16, 2480) 
—  101-3°/760 mm. Richardson (T., 1886, 49, 763) 


—-  100-5—100-8°/759 mm. Schiff (Annalen, 1885, 234. 324) 
—  100-8—101-0°/760 mm. Kahlbaum (Zeitsch. physikal. Chem., 1898, 


26, 591) 

7-0° —_ Jones and Murray (Amer. Chem. J., 1903, 
30, 93) 

5-6° —101-0° Beckmann (Zeitsch. physikal. Chem., 1906, 
57, 129 

8-35° 99-7°/741 mm. Garner, Saxton,'and Parker.( Amer. Chem. J., 


50-0°/120 mm. 1911, 46, 236) 
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The preparation of the anhydrous acid is a matter of considerable 
difficulty, owing to the fact that the usual desiccating agents such 
as phosphoric oxide, sulphuric acid, sodium, &c., all react with the 
acid. Further, the latter is itself extremely hygroscopic, so that 
the greatest care is necessary in manipulation in order to avoid 
reabsorption of water. 

The most recent attempt to prepare anhydrous formic acid was 
made by Garner, Saxton, and Parker (/oc. cit.), who employed dis- 
tillation under diminished pressure from anhydrous copper sulphate 
for the purpose. They obtained an acid melting at 835° and 
boiling at 99°7°/741 mm., but it is probable, as will be seen later 
(p. 353), that this acid still contains a small amount of water. 

The following method of preparing the pure acid was adopted 
and gave consistently good results. 

“Kahlbaum” formic acid was fractionally distilled through a 
Young-Thomas stillhead (three compartments) to the outlet tube 
of which was fused a small Liebig’s water-cooled condenser. A 
thermometer graduated in tenths of a degree was placed in position 
at the top of the fractionating column. In order to prevent the 
acid from coming into contact with the cork through which the 
thermometer passed, the stem of the column above the outlet tube 
was lengthened and surrounded by a glass jacket through which 
water was passed. The vapour of the acid was thus condensed just 
above the side-tube and flowed back into the column. Formic 
acid “ Kahlbaum ” distilled in this way yielded an acid boiling, for 
the most part, from 100°3° to 100°8°, under a pressure of 760 mm. 
The lower and higher boiling portions of the acid were neglected. 
On refractionation, the main bulk of the acid was obtained boiling 
at 100°4—100°6°/760 mm. Further fractional distillation was 
found to be useless as a means of purification, since no lowering of 
the critical solution temperature with pure benzene could be de- 
tected. The purified acid was next submitted to fractional re- 
crystallisation in the following manner. The acid was placed in a 
well-stoppered bottle and frozen solid in a cold room (temperature 
below 0°). The bottle was then inverted over another bottle (at- 
mospheric moisture being carefully excluded) and the acid allowed 
to thaw partly, at a temperature of not more than one or two 
degrees above its melting point. When about one-eighth of the 
acid had slowly drained away, the remainder was liquefied at a 
somewhat higher temperature, and its melting point determined 
accurately by means of a Beckmann thermometer. The process was 
repeated until, after three or four recrystallisations, an acid was 
obtained the melting point of which remained constant to 1/100th 
of a degree and gave a constant critical solution temperature with 
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pure benzene. The amount of pure acid obtained in this manner 
from 2 litres of “Kahlbaum” formic acid was about 300 c.c. By 
further manipulation it was possible to obtain still more of the pure 
acid from the residual fraction. 

The course of the purification as indicated by the lowering of the 
critical solution temperature * is shown by the following table: 


Critical solution 
temperature (pure 


Formic acid. M. p. B. p. benzene). 

“ Kahlbaum ” 7-4° 82° 
After fractionation .... — (a) 100-6—100-7°/760 ce ing 

a - _ (b) 100-5-100-55°/760 76° 
After recrystallisation 

of purer fraction (b) — — 74-2° 
After recrystallisation 

until constant ...... 8-39° — 732° 


The Melting Point of Pure Formic Acid. 


The melting point was determined with a Beckmann apparatus. 
Since formic acid is very hygroscopic, the apparatus was fitted with 
the sulphuric acid trap recommended by Beckmann for use in such 
cases. That this arrangement was efficient was shown by the fact 
that three determinations of the melting point carried out on the 
same sample of acid did not vary by more than 0°01°. 

The Beckmann thermometer was then immediately standardised 
by comparison with a standard Kew thermometer and the freezing 
point of the acid so found to be 8°39°, with a probable error of 
+0°02°. 

The purity of the formic acid obtained was very strikingly shown 
by its behaviour on determining the melting point. With ordinary 
preparations, as is well known, the amount of super-cooling neces- 
sary to induce crystallisation is somewhat large, being, even with 
fairly pure preparations, from 2° to 5°. The acid obtained by 
Garner, Saxton, and Parker, for example, melting at 8°35° and, 
therefore, of a high degree of purity, is stated by these authors to 
have shown a super-cooling of 2°55°, even with vigorous stirring. 
In the present instance, however, crystallisation commenced with 
an amount of super-cooling which was extremely small, the values 
actually obtained being 0°35°, 0°4°. and 0°15° respectively in three 
consecutive determinations. 


(b.) The Boiling Point of Pure Formic Acid. 
The boiling point of the acid cannot be taken as a criterion of 
purity, since very small amounts of water distil with the acid, the 


* For this method of controlling the purity of organic liquids, compare Crismer 
(Bull. Acad. Roy. Belg., 1895, 39, 97), Flaschner (T., 1908, 98, 1000) and 
others. 
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boiling points of the two liquids being very nearly the same at the 
atmospheric pressure. The following values for the nearly anhydr- 
ous acid were obtained at various times during the progress of the 
work: 
100°3 —100°35°/754 mm. 
100°4 —100°45°/758 mm. 
100°55—100°6°/764 mm. 


Garner, Saxton, and Parker (/oc. cit.) give 99°7°/741 mm., in good 
agreement with the values tabulated above. 


from which b. p./760 mm.= 
100°47°. 


The Density of Pure Formic Acid. 


The density of the pure acid obtained as described, was deter- 
mined by means of a Sprengel pattern pyknometer of nearly 30 c.c. 
capacity, the ends of which were provided with ground glass 
stoppers. 

As the result of three different determinations, the following 
values were obtained for the density: 

DY = (a) 12258 

(5) 1°2260 

(c) 1°2258 

the mean value being 1°2259 (+0°0001). 

This result is in good agreement with that obtained by Garner, 
Saxton, and Parker (/oc. cit.), namely, 1°2260 at 15° and 1°2200 at 
26°, but is slightly higher, again pointing to the probable presence 
of traces of water in the acid obtained by these authors, 


The Preparation of Pure Benzene. 


In spite of the apparent ease with which benzene can be obtained 
in the pure condition, no very good agreement has been reached 
with regard to one of the most important criteria of purity—the 
melting point, as is shown by the following table of recorded values: 


5-17° R. Abegg (Zeitsch. physikal. Chem., 1894, 15, 213) 
5-44—5-445° E. Beckmann (_s,, - + 1886, 2, 715) 
5-5° ” ( ” ” ” 1890, 6, 438) 
5-42° Lachowicz (Ber., 1888, 21, 2206) 

5-7° Schroder (Zeitsch. physikal. Chem., 1893, 11, 457) 
5-4° Lineberger (Amer. Chem. J., 1896, 18, 437) 

5-54° Hansen (Zeitsch. physikal. Chem., 1904, 48, 595) 


The method of purification adopted in all cases is that of frac- 
tional crystallisatien or distillation over sodium or a combination 
of these two. The most recent determination, that of Hansen, was 
carried out on a sample of benzene which had been purified, as far 
as possible, in the usual manner, and then, just previously to making 
the determination, had been boiled for a short time to expel the 
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last traces of water. The melting point was, in this way, raised 
from 5°47° to the value noted above, 5°54°. 

The benzene employed in the present investigation was prepared 
from Kahlbaum’s benzene “pure for analysis and molecular 
weight determination.” After one recrystallisation and subsequent 
distillation from sodium in an all glass apparatus into a receiver 
fitted with a drying tube, benzene was obtained which gave a critical 
solution temperature with a sample of “ Kahlbaum”’ formic acid 
of 81°9°. Further treatment of the benzene either by recrystal- 
lisation, distillation over phosphoric oxide, or metallic solium 
failed to lower this critical solution temperature. The benzene was, 
therefore, considered to be as pure as could be obtained and em- 
ployed in the present investigation. The melting point of the 
benzene was found to be (after careful standardisa- 
tion of the thermometer) 5°58°. This value is in Fi. 1. 
good agreement with that of Hansen (Joc. cit.). The 
value 5°7° given by Schréder (loc. cit.) (whose method 
of purification was simply recrystallisation) is probably 
too high. 


The Mutual Solubility of Formic Acid and Benzene. A 


In determining the mutual solubility of these two 
liquids the synthetic method was adopted. 

The actual procedure was as follows. A number of 
bulb tubes of the shape shown (BC, Fig. 1) were made 
from ordinary good quality glass tubing. The capacity 
of the bulb C was from 2 to 3 c.c., the length of the B 
capillary B about 3 cm., and the internal diameter of 
the capillary approximately 2 mm. The tubes were 
thoroughly cleaned by boiling with distilled water, 
and, after being completely dried, were ready for use. 

In order to fill the tube with known weights of the 
two liquids the bulb tube was first weighed accurately to milligrams. 
The liquids were contained separately in two burettes, which were 
provided with drying tubes at the top so that excess of moisture was 
prevented. The liquids were then run into the bulb by means of 
fine capillary funnels (A), which were so made that the wider por- 
tion of the funnel roughly fitted over the jet of the burette. The 
capillary stem of the funnel passed through the narrow portion of 
the bulb tube B projecting into the bulb C. On opening the tap 
of the burette the liquid passed directly into the bulb C without 
contact with the surrounding atmosphere and without wetting the 
walls of the narrow neck (B) of the tube. By rapidly withdrawing 
the capillary A, wetting of the walls of the tube B was again 
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avoided. The composition of the mixture was accurately obtained 
by weighing the tube after addition of each liquid, the amounts 
being roughly controlled by the readings on the burette. Owing 
to the hygroscopic nature of the pure formic acid and also in a 
less degree of benzene, it was found necessary always to discard 
any liquid remaining in the jet of the burette after each filling, 
otherwise inaccurate results were obtained. For a similar reason 
both the bulb tube and capillary funnel were always carefully 
dried just before use. When both liquids had thus been introduced 
and weighed, the bulb tube was sealed off at the top of the narrow 
portion. It was found that the possible loss of liquid during this 
operation, owing to vaporisation, was negligible. The amount of 
liquid taken was so arranged that the bulb of the tube was about 
two-thirds filled in order to allow of complete mixing of the liquids 
by subsequent shaking. 

The temperature of complete miscibility of the mixture was then 
determined. The tube was immersed in water which was kept well 
stirred by means of a mechanical stirrer, and the temperature was 
recorded by a standardised thermometer; this was graduated in 
fifths of a degree, and was of such a range that, for all temperatures, 
the thread of mercury was completely immersed in the bath. The 
temperature was raised by passing steam into the water, a method 
which was found to be far more satisfactory, both in rapidity and 
in minimising the risk of breakage of the beaker, than the usual 
method of heating on a sand-bath by gas burners. The bulb tube 
was placed as near to the bulb of the thermometer as convenient, 
and the temperature of the bath gradually raised. The contents 
of the tube (which was attached to a glass or wire holder) were 
frequently shaken, until finally a temperature was reached at which 
the two layers disappeared and a perfectly clear homogeneous liquid 
was obtained. This temperature was noted and the bath then 
allowed to cool very slowly. The clear liquid gradually assumed the 
peculiar blue fluorescent appearance characteristic of liquids near 
the critical solution temperature (see Konovalov, J. Russ. Phys. 
Chem. Soc., 1902, 34, 738; and Donnan, Chem. News, 1904, 90, 
139); this suddenly gives place to a true opalescence followed 
almost immediately by a separation into two layers. The temper- 
ature at which the opalescence appeared was noted and the tem- 
perature of the bath again slowly raised, and the point at which 
complete solution occurred again noted. By repeating these 
observations a few times the temperature of complete miscibility 
was easily obtained accurate to 0°2°. The results obtained with 
a series of mixtures in which the concentrations of formic acid 
ranged from 10 to 90 per cent. are tabulated below: 
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No. of Weight of Weight of Percentage of Solution 
tube. formic acid. benzene. formic acid. temperature. 
1 0-082 0-814 9-2 21-0° 
2 0-250 1-862 11-8 39-1 
3 0-191 1-152 14-2 44-2 
4 0-248 1-165 17-5 51-4 
5 0-210 0-855 19-7 56-C 
6 0-207 0-778 21-0 58-4 
5 0-430 1-511 22-2 59-9 
8 0-409 1-218 25-1 64-2 
9 0-411 0-901 31-3 70-1 
10 0-368 0-627 36-9 72-5 
11 0-755 1-091 40-9 73-0 
12 0-745 0-991 43-0 73-2 
13 0-865 1-050 45-2 73-0 
14 0-690 0-722 48-9 73-2 
15 1-209 1-124 51-8 73-2 
16 0-593 0-500 54-2 73-4 
17 1-191 0-892 57-2 72:3 
18 1-444 0-794 64-5 70-2 
19 1-321 0-579 69-5 66-2 
20 1-209 0-390 75-6 57-7 
*21 (a) 0-794 0-177 81-8 41-2 
(b) 2-471 0-546 81-9 41-0 
*22 (a) 1-211 0-201 85-8 25-2 
(b) 0-656 0-108 85-8 25-4 
23 1-821 0-207 89-8 3°8 


* The second tube (4) in each of these cases was made up with a different sample 
of formic acid prepared separately at an interval of about twelve months, and 
affords striking evidence of the trust to be placed in the method of purification 
employed. 


The curve obtained (Fig. 2) from these experimental data shows 
no marked variation from the type usually obtained from pairs 
of liquids showing maximal critical solution temperatures. The 
portion of the curve in the neighbourhood of the critical solution 
temperature is very flat, a phenomenon which is, however, shown 
in many other cases (for example, in aniline and water). The 
proportion of formic acid, therefore, in the mixtures which have a 
solution temperature corresponding with that of the critical tem- 
perature is seen to vary from about 40 to 53 per cent. From the 
practical point of view this is an advantage, since in estimating the 
purity of a sample of formic acid by this method, the mixture with 
benzene can be made up volumetrically (having due regard to the 
different densities of the solutions) at about 45 per cent. of formic 
acid without fear of falling beyond the limits of the temperature 
of complete miscibility. On either side of the flat portion, the 
curve falls very steeply, that is to say, the temperature-coefficient of 
the mutual solubility of the two liquids is comparatively small until 
the neighbourhood of the critical temperature is reached. This is 
seen experimentally on cooling a mixture containing from 40 to 50 
per cent. of formic acid, which has been heated above the critical 
solution temperature. * On cooling, the clear liquid first becomes 


858 EWINS: THE MUTUAL SOLUBILITY OF FORMIC ACID AND 


fluorescent at a little above the critical solution temperature, next 
opalescent at that temperature, and then almost immediately separ- 
ates into two well-defined layers almost equal in volume. 

As will be seen from Fig. 2 the generalisation first put forward 
by Rothmund (loc. cit.) for this type of mixture of liquids holds 
good in this case also. The points bisecting the ordinates lying 
between the arms of the curve lie on a straight line. The point at 
which this straight line cuts the mutual solubility curve determines 
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Formic acid—Benzene mutual solubility curve. 
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the true critical concentration of the system, which is thus seen to 
be formic acid, 48 per cent., and benzene, 52 per cent. 


(1.) The Influence of Water on the Freezing Point of Formic Acid 
and on the Critical Solution Temperature with Benzene. 


The main difficulty in the preparation of pure formic acid un- 
doubtedly lies in the elimination of water from the extremely 
hygroscopic acid. The effect of the presence of water in formic 
acid, both on the freezing point of the acid and on the formic acid- 
benzene critical solution temperature was, therefore, considered to 
be of sufficient interest to warrant a quantitative study. 

Weighed quantities of pure formic acid were diluted by addition 
of weighed quantities of water. The melting points of the mixtures 
obtained were then determined by means of the Beckmann ap- 
paratus. The same care was taken in these experiments to avoid 
absorption of moisture from the atmosphere’ as was exercised pre- 
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viously. The melting points were determined one after another 
within a short space of time in order to avoid any error due to 
possible change of zero of the Beckmann thermometer. The maxi- 
mal complete solution temperatures of these solutions with pure 
benzene were then determined as already described. The results 
obtained are tabulated below: 


Percentage of Depression of freezing Critical solution tempera- 
water. point of formic acid. ture with pure benzene. 
0 —- 73-2° 
0-053 0-07° 74-9° 
0-099 0-16° 75-8° 
0-224 0-305° 76-7° 
0-502 0-70° 79-3° 
0-984 1-35° 84-2° 
2-04 2-67° 92-8° 


From these results it follows that the effect of water on the 
freezing point of the acid is additive. The values deduced for the 
molecular weight of water lie between 17 and 21, in good agreement 
with the values obtained by Jones and Murray (Amer. Chem. J., 
1903, 30, 193). The results tabulated above show also that, ex- 
cept in the case of very small amounts of water, where the effect 
appears to be somewhat greater, the rise in the critical solution tem- 
perature is proportional to the amount of water added. It is well 
known that the addition of small quantities of a third substance 
to a binary system of partiy miscible liquids has a very marked 
influence on the critical solution temperature which is either raised 
or lowered according to the liquid added and the composition of 
the system. This is the case, for example, with methyl ethyl 
ketone and water, where the addition of a very small quantity of 
ethyl alcohol so altered the mutual solubility relations that a closed 
ring was obtained (Bruni, Atti R. Accad. Lincet., 1899, [v], 8, ii, 
141). In the latter case it is to be noted that the third component 
of the system is a liquid completely miscible with each of the two 
original components. ‘The addition of water to the system formic 
acid-benzene as before indicated is different, for, in this case, 
whilst water is miscible in all proportions with formic acid, its 
solubility in benzene is extremely small, so that practically tne two 
liquids may be considered to be immiscible. In such a system, 
therefore, it would seem that the effect on the maximal solution 
temperature is proportional to the amount of the added third 
component. 

Incidentally it will be seen how much more readily the presence 
of water in formic acid can be detected by the critical solution 
temperature method. The rise in the critical solution temperature 
occasioned by the presence of 1 per cent. of water in the mixture 
is some 10°, whereas the fall in melting point produced by the same 
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amount of water is only 1°3°, so that unless very special precautions 
are taken in the determination of the melting point much greater 
trust can be placed in the former method. 


The Ternary System, Formic Acid Benzene—Water. 


As already explained, this system is of interest as being an ex- 
treme case of a type which has already been studied by Schreine- 
makers (Zeitsch. physikal. Chem., 1898, 2'7, 95; 1899, 29, 577), 
namely, a system of three components in which two pairs of partly 
miscible liquids can be formed. Its strongly-marked character- 
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istics are due to the very small mutual solubility of water and 
benzene. 

In order to depict graphically the complete conditions obtaining 
in the system, it is necessary to obtain a series of isothermal curves 
showing the variations of composition of the system which can occur 
when the temperature (and pressure, which under the experimental 
conditions is a negligible factor) remains constant. Such curves 
were obtained experimentally as follows. A series of mixtures of 
formic acid and water containing different percentages of water 
was made up and the temperatures of complete miscibility of vary- 
ing proportions of these dilute formic acid solutions with benzene 
were determined in the manner already described. A series of 
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curves (Fig. 3) or, more correctly, portions of curves, were thus 
obtained, showing the effect on the mutual solubility of benzene 
and formic acid brought about by the presence of water, the pro- 
portion of water to formic acid being constant for each curve. 

The following are the experimental data from which these curves 
were obtained. The percentage of water in the dilute formic acid 
mixture was varied from 5 to 40 per cent. by weight. 


. 


Formic Acid containing 5 per cent. of Water. 


Dilute formic acid Benzene 
per cent. per cent. T°, 
3-7 96-3 57-5° 
5-6 94-4 77 
10-2 89-8 95 
14-8 85-2 112 
75-3 24-7 94-5 
80-0 20-0 80-5 
81-5 18-5 78 
87-7 12-5 51 
F Formic Acid containing 10 per cent. of Water. 
: 3-6 96-4 70° 
5-1 94-9 82-5 
7-9 92-1 111 
79-6 20-4 105-5 
81-4 18-6 99 
; 85:5 14-5 85 
: Formic Acid containing 15 per cent. of Water. 
2-5 97-5 71° 
3-4 96-6 87 
4-0 96-0 101 
85-7 14-3 100-5 
90-0 10-0 81 
93-0 7-0 46 
Formic Acid containing 25 per cent. of Water. 
88-0 12-0 122° 
91-5 8-5 97-5 
94-0 6-0 74 
Formic Acid containing 40 per cent. of Water. 
94-0 6-0 105° 
96-2 3-8 82 
97-0 3-0 76 
{ * T=Temperature of complete miscibility. 


From the curves obtained, it will be seen that the addition of 
water to mixtures containing a comparatively large proportion of 
benzene has the effect of very greatly raising the temperature of 
complete miscibility, so much so that this portion of the curve 
VOL. CV. B B 
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becomes almost vertical. With mixtures containing a relatively 
large percentage of formic acid the effect is not so inconveniently 
great, and the effect of relatively large differences of concentration 
of water in the system as a whole can be more readily observed. 
This can only be due to the fact that the presence of water in the 
system very greatly diminishes the solubility of benzene in formic 
acid. This is the reason also why the critical maximal solution 
temperature of formic acid and benzene is so greatly raised by the 
presence of traces of water in either of the components. 

In order to obtain the data for the required isothermal curves 
mentioned above it is now only necessary to draw through these 
curves lines parallel to the horizontal axis from points on the 
vertical axis representing definite temperatures. At the points of 
intersection of any one of these lines with the various curves we 
have mixtures of definite composition showing complete miscibility 
at that temperature. 

In this way the following figures were obtained : 


1. JZsothermal at 50°. 


Composition of System. 


Formic acid. Benzene Water. 
1-9 97-8 0-3 
2-25 97-5 0-25 
3-04 96-8 0-16 

16-0 84-0 0 
79-3 20-7 0 
83-1 12-5 4-4 
82-1 8-8 9-1 
78-9 7-2 13-9 
70-9 5-5 23-6 
58-2 3-0 38-8 

2. Isothermal at 70°. 

2-13 97-5 0-4 

3-15 96-5 0-35 

4-1 95-7 0-2 
31-5 68-5 0 
63-0 37-0 0 
79-4 16-5 4-] 
60-1 lli 8-9 
77-9 8-4 13-7 
70-7 5-8 23-5 
58-0 3-3 38-7 

3. Isothermal at 90°. 

2-7 96-8 0-5 
5-4 94-0 0-6 

78 91°8 0-4 
73-15 23-0 3-85 
76-05 15-2 8-45 
75-0 11-8 13-2 
69-2 7-7 23-1 
57-4 4:3 38-3 
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4. Isothermal at 110°. 


Formic acid. Benzene. Water. 

4-4 94-8 0-8 

7-2 92-0 0-8 
13-5 85-8 0-7 
64-6 22-0 3-4 
69-3 23-0 7-7 
70-1 17-5 12-4 
67-5 10-0 22-5 
55-8 7-0 37-2 


With the help of the figures thus obtained the system benzene— 
formic acid—water can be represented graphically by the method 
due to Roozeboom (Zeitsch. physikal. Chem., 1894, 15, 147) and 
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8 
The ternary system : benzene-formic acid—water. 
Isothermals at 50°, 70°, 90°, and 110°. 


employed by Schreinemakers (Joc. cit.). This consists in plotting 
the compositions of the various mixtures obtained as described 
above within an equilateral triangle. In the figure shown (Fig. 4), 
the amounts of formic acid are measured in the direction B.F., and 
of benzene in the direction F.B. The series of isothermal curves 
shown in the diagram is thus obtained. The areas enclosed by 
these curves within the triangle represent the range within which, 
for the particular temperature for which the isothermal is drawn, 
heterogeneous mixtures will be formed. In other words, any mix- 
ture of the three components, benzene, formic acid, and water, the 
composition of which is represented by a point within such an area, 
will separate into two layers. The figure obtained shows, in a very 
BB 2 
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striking manner, the extreme nature of the system under considera- 
tion. Even at comparatively high temperatures heterogeneous 
mixtures are included in almost the whole area of the triangle. It 
can be seen at once, for example, that below a temperature of 70°, 
only mixtures containing a relatively very small percentage of 
benzene are completely miscible with formic acid containing an 
appreciable amount of water. With comparatively large percent- 
ages of benzene the amount of water which can be present in the 
system is so very small as to be hardly capable of representation 
in the figure given. 

The influence of temperature on the system is seen to be as 
follows : 

With mixtures containing a relatively large proportion of formic 
acid, increase of temperature permits of a somewhat wide variation 
in the amounts of benzene or water present in the homogeneous 
mixture. Where, however, a large proportion of benzene is con- 
tained in the mixture, the effect of temperature on the variation 
of the other two components is very small indeed. 

In the ana.ogous case already mentioned, of aniline, phenol, and 
water, all three components are capable of variation over much 
wider limits. 


The expenses of this investigation were, in part, defrayed by a 
grant from the Research Fund Committee of the Chemical Society, 
for which the author wishes to make grateful acknowledgment. 

The author’s thanks are due to Dr. G. Barger for suggesting the 
subject of this research and for his interest and advice throughout 
the work. 
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XXXIX.—The Absorption Spectra of Nitrated Phenyl- 
hydrazones. 


By Joun THEoporE Hewirt, Roopa Marianne JOHNSON, and 
Frank Gzorce Pore. 


Some few years ago Baly and Tuck (T., 1906, 89, 982) described 
the absorption spectra of a number of aldehydic and ketonic phenyl- 
hydrazones, and drew attention to the colour shown by several of 
the nitro-derivatives. It was suggested (loc. cit., p. 996) that 
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possibly p-nitrobenzaldehydephenylhydrazone does not possess the 
formula I, but is to be represented with a quinonoid structure (II): 
NO,-C,H,CH:N-NH-C,H, 0>N: ¢ > O:N-NH-C,H, 
(I.) (II.) 

Certain pnitrophenylhydrazones with which we were occupied 
attracted our attention owing to the remarkable colour changes 
produced when alkalis were added to their alcoholic solutions; in 
fact, some of these compounds possess distinctly acidic properties. 
The great difference in colour between the compounds themselves 
and their salts led to the view that there was probably a con- 
stitutional difference. 

If such difference actually exists, the quinonoid formula would 
probably be assignable to the salt, and the conventional hydrazone 
formula to the hydrogen compound ; although for the latter another 
structure is not impossible. 

The most promising way of obtaining evidence of the character 
desired is to compare the spectra of benzaldehyde-pnitrophenyl- 
hydrazone in neutral and in alkaline solution with that of pnitro- 
benzaldehydephenylhydrazone, and, further, to examine the extent 
to which colour changes are inhibited by replacement of the 
hydrogen atoms marked with an asterisk in the formule: 


* 7 + « 
C,H,*CH-N-NH:C,H,°NO, NO,°C,H,°CH:N-NH°C,H, 
when the solutions were rendered alkaline. 

According to our view, the sodium salt of benzaldehyde-p-nitro 
phenylhydrazone would be represented by the formula: 

C,H;°CH:N-N:C,H,:NO,Na, 
the diminution in oscillation frequency occurring on salt formation, 
accompanying the greater length of chain of conjugated double 
linkings. 

Comparison of Figs. 1 and 2 will show that, as might be expected, 
the p-nitrophenylhydrazones of benzaldehyde and of acetophenone 
give practically identical absorption spectra, and further, that 
each, when converted into a salt, shows practically the same shift in 
its absorption. In fact, the pairs of formule: 


ft 8 : 
6 {>C:N-NH-0,H, NO, 6H OCN-NH-C,H, NO, 
and 
ik. cine tities 5 Ci riceiencns 
6 {>C:N-N:0,H,:NO,Na OHO CN-N:C,H,:NO,Na. 


qare strictly comparable. 
Baly and Tuck showed that the absorption spectra of the phenyl- 
hydrazone and of the phenylmethylhydrazone of p-nitrobenz- 
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aldehyde were practically identical (Joc. cit., p. 996), and it is 
interesting to note that the head of the band in the visible spectrum 
lies at very much the same position as that of the band shown by the 
p-nitrophenylhydrazones of benzaldehyde and of acetophenone. 
The addition of alkali hydroxides to yellow alcoholic solutions 
of the pnitrophenylhydrazones of benzaldehyde and acetophenone 
causes the colour to change to red of very similar shade to magenta, 
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and the maximum coloration is produced by a medium amount of 
the alkali. In the case of the equally yellow solution of pnitro- 
benzaldehydephenylhydrazone, as alkali is progressively added, no 
colour change is at first observed; a large excess produces a 
deepening of shade, but not a change of colour. These facts agree 
with our view that the compounds contain the grouping -CH:N*, 
for whilst the charge of structure from the grouping represented by 
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NO,°C,H,’NH: to KNO,:C,H,:N* seems to be fairly common, cases 
of such a change as NO,°C,H,CH: to KNO,:C,H,°C: or 
KNO,:C,H,:CH- are comparatively rare. 

The spectrum of p-nitrobenzaldehydephenylhydrazone is given in 
Fig. 3; the curve differs slightly from that of Baly and Tuck, but 
the head of the band in the visible spectrum will be found at almost 
exactly the same persistence and oscillation frequency, namely, — 
2350. 

Now, whilst Baly and Tuck show that both the phenylhydrazone 
and the phenylmethylhydrazone of pnitrobenzaldehyde give 
virtually identical absorption spectra, it will be seen on reference 
to Fig. 3 that replacement of the hydrogen atom marked * 


NO,*C,H,-CH:N-NH-C,H,, 


by acetyl instead of methyl shifts the absorption strongly towards 
the ultra-violet. One may compare this shift in the absorption 
with that accompanying the conversion of aniline into acetanilide. 

We have mentioned earlier that the hydrazones dealt with in this 
paper are better represented by the conventional than by quinonoid 
formulz ; at the same time we remarked that a different constitution 
was not impossible. Thus, benzaldehyde-p-nitrophenylhydrazone 
might possess an internal salt structure: 

C,H,°CH:N-NH:C,H,:N:O 
_¢3 
in fact, ee itself f might be: 
H,N-NH-C,H,:N:O 
ae 5 : 

Baly and Tuck (loc. cit., p. 997) drew attention to the great 
difference in the absorption spectra of the pnitro- and pbromo- 
derivatives of phenylhydrazine; further than this, Borsche 
(Annalen, 1907, 8357, 171) has shown that quinones of the benzene 
series react with o-nitro- and 2: 4-dinitro-phenylhydrazines with 
formation of hydroxyazo-compounds, whereas phenylhydrazine itself 
is oxidised in these circumstances. Borsche himself (Joc. cit., p. 173, 
footnote) suggests that o-nitrophenylhydrazine may possess the 
structure: 


ine *. 
\ v4 -N-NH,, 

NO, H 
whereby this behaviour would be accounted for. The whole 
question as to whether many nitroamino-derivatives may not possess 
an internal quinonoid salt structure requires further work. 
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In conclusion, we desire to express our thanks to the Research 
Fund Committee of the East London College for a grant defraying 
the costs of the investigation. 
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XL.—The System: Ethyl Ether-Water—Potassium 
Todide-Mercuric Iodide. Part I. The Under- 
lying Three-Component Systems. 


By Atrrep CHARLES DUNNINGHAM. 


Tue formation of three partly miscible liquids in a four-component 
system has been observed from time to time, but has never been 
studied quantitatively with a view to elucidate the conditions of 
equilibrium underlying such a phenomenon. 

The most. convenient system for the purposes of such a study 
appeared to the author to be the system ethyl ether—water— 
potassium iodide—mercuric iodide, in which three liquid layers were 
observed by Marsh (T., 1910, 97, 2297), who, however, made no 
attempt to investigate the question from the point of view of 
heterogeneous equilibrium. 

Since ether has an appreciable vapour pressure at 20°, it was 
necessary to devise a special form of apparatus in which to agitate 
the mixture whilst equilibrium was being attained. This apparatus 
is shown in Figs. 1 and 2. It consisted of a glass tube c, that could 
be fixed into a metal clamp d, which was free to revolve in the 
jaws ab. The top of this tube was connected to a short shaft gh, 
which was fixed eccentrically to a pulley m, so that when this 
pulley revolved the tube was shaken violently backwards and 
forwards. This motion served to agitate the contents of the tube, 
and stir the water in the thermostat, in which it was immersed. 
The temperature was maintained constant to 0°1°. The tube was 
closed by means of an ordinary cork tied firmly with string. 

The composition of the various solid phases was, where necessary, 
determined by the residue method described by Schreinemakers 
(Zettsch. physikal. Chem., 1893, 11, 81; 1907, 59, 641). The 
appearances of potassium iodide and mercuric iodide, however, are 
unmistakable, and it is only possible for confusion to arise between 
potassium mercuri-iodide and its hydrate, KHgI;,H,O, which have 
a similar appearance. 

In analysing solutions and residues, the ether was first expelled 
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by the passage of a current of air previously dried by means of 
anhydrous calcium chloride. A special weighing bottle was there- 
fore used, as shown in Fig. 3. The air leaving the bottle was then 
passed through a weighed tube containing anhydrous calcium 
chloride, in order to absorb any water-vapour carried over by the 
ether. The water was then expelled at a temperature slightly 
above 100° by the further passage of dried air. The potassium 
iodide in the solid residue was then estimated by Bray and MacKay’s 
method (J. Amer. Chem. Soc., 1910, 32, 1193), in which the iodine 
is liberated by the addition of potassium permanganate in slight 
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excess in the presence of an acid, extracted with carbon tetra- 
chloride, and titrated with standard thiosulphate. The mercuric 
iodide, which is not affected by permanganate, was then obtained 
by difference. 


The System: Potassium Iodide—Mercuric Iodide—Water. 


This system has been studied at 30° as well as 20° in order to 
confirm the existence of potassium mercuri-iodide, KHgI,. The 
results obtained at 20° and 30° are given in tables I and II, and 
shown graphically in Figs. 4 and 5 respectively, and since they are 
alike in type, a discussion of the isotherm at 20° will also serve 
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TaBeE I. 
The System: Potassium Iodide-Mercuric Iodide—Water at 20°. 


Percentage composition Percentage composition 


of solution. of residue. 

No. KI. HglI, KI. HglI,. Solid phase. 

1 59-2 — — — KI 

2 50-9 19-3 86-2 5-6 Kl 

3 47-5 25-4 85-3 7-6 KI 

4 44-4 32-5 82-4 10-2 KI 

5 41-3 39-6 76-2 16-4 KI 

6 39-0 48-0 82-7 13-6 KI 

7 38-2 51-2 83-6 13-5 KI 

8 37-4 53-6 42-6 50-9 KI+KHgl, 

9 37-8 52-6 35-1 57-4 KHgl, 
10 35-1 62-2 32-1 60-0 KHgl, 
1l 35-5 51-2 30-3 61-1 KHgl,,H,O 
12 26-7 50-3 17-6 74-3 KHgl,,H,0-+ Hel, 
13 26-6 49-4 10-2 82-4 Hgl, 
14 23-7 40-2 oe ~~ Hel, 
15 14-9 22-5 4-1 83-4 Hgl, 

TasBieE II. 
The System: Potassium Iodide—Mercuric Iodide—Water at 30°. 

16 60-6 —_ —_— — KI 
17 40-0 53-0 61-0 37-0 KI+KHglI 
18 39-6 52-7 35-1 60-7 KHgl, 
19 40-0 52-2 33-6 62-1 KHgl, 
20 40-2 51-2 35-9 59-2 KHgl, 
21 39-3 50-3 33-5 60-4 KHgl, 
22 33-7 49-8 29-5 62-7 KHgl 
23 33-0 52-0 30-3 61-0 KHglI, 
24 31-4 51-7 29-1 60-6 KHgl,,H,O 
25 29-1 52-2 25-5 67-1 KHgl,,H,O 


At 20° the following phases are stable in equilibrium with solu- 
tion: Potassium iodide, potassium mercuri-iodide, potassium 
mercuri-iodide hydrate (KHgI;,H,O), and mercuric iodide. 

It has been shown by Schreinemakers (Zeitsch. physikal. Chem., 
1909, 65, 553) by means of the € function (thermo-dynamic poten- 
tial) that the type of an isotherm in a system of two solid and one 
liquid components, the liquid component being regarded as solute, 
does not alter, provided that the solute does not combine with the 
two solids; thus he showed that in the system silver nitrate— 
ammonium nitrate—alcohol_water, in which the two solid com- 
ponents form two compounds, these compounds persist in both the 
three-component systems, and right through the four-component 
system. By an analogous process of reasoning, one may deduce 
that potassium and mercuric iodides do not form mixed crystals 
at 20°, as there is no evidence of this in the three-component 
systems, This is remarkable when the great tendency of mercuric 
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iodide to form mixed crystals with other iodides is remembered ; 
on the other hand, the heterogeneous area often widens rapidly 
below the eutectic point, and in this case may have done so to such 
an extent that. mutual miscibility has, for practical purposes, 
vanished. 

One may also deduce from the above that a compound, potassium 
mercuri-iodide, occurs in the two-component system potassium 
iodide—mercuric iodide, probably at all temperatures. 

The isotherm under discussion presents some remarkable features 


Fia. 4. 
20° 


(KI 


(H0).<—— = “gltgl) 


for a system in which the components are two salts and water. The 
restricted extent of the three-phase areas, and the great extent of 
the unsaturated and two-phase areas, are very unusual. 

The following is a résumé of the more important features of the 
diagram (Fig. 4): 

Point e¢ represents water ; f, potassium iodide ; g, mercuric iodide ; 
m, potassium mercuri-iodide; and m, potassium mercuri-iodide 
hydrate (KHglI,,H,0). 

Line ab represents the range of saturated solutions co-existing 
with solid potassium iodide ; bc, with solid potassium mercuri-iodide ; 
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ed, with solid potassium mercuri-iodide hydrate (KHgI;,H,O) ; and 
de, with solid mercuric iodide. 

Point 6 represents a saturated solution co-existing with solid 
potassium iodide and potassium mercuri-iodide; c, with solid 
potassium mercuri-iodide and its hydrate; and d, with solid 
potassium mercuri-iodide hydrate and mercuric iodide. 

Area fab represents mixtures of saturated solutions on ab + solid 
potassium iodide; bem, on bc+solid potassium mercuri-iodide ; 
end, on ed+solid potassium mercuri-iodide hydrate; edg, on 


Fie. 5. 
0° 


+(K 1) 


(HOe 


de+solid mercuric iodide; fim represents mixtures of solution 
b+solid potassium iodide+solid potassium mercuri-iodide; men, of 
solution ¢+solid potassium mercuri-iodide + solid potassium mercuri- 
iodide hydrate; ndg, of solution d+solid potassium mercuri-iodide 
hydrate + solid mercuric iodide; and mng represents solid mixtures 
of potassium mercuri-iodide, its hydrate, and mercuric iodide. 

On attempting to prepare a saturated solution of either of the 
double salts, the following phenomena occur. If water is added to 
potassium mercuri-iodide the composition of the mixture follows 
the line me. When n is reached, all the salt is converted into 
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potassium mercuri-iodide hydrate. Further addition of water 
causes the formation of solution d, together with solid mercuric 
iodide, until at p all the double salt is decomposed, and only 
solution d@ and solid mercuric iodide exist. As the mixture then 
follows the line pe, the solution follows the curve de, more mercuric 
iodide being formed as the proportion of water becomes greater, 
until at e the solution is almost pure water, since the solubility 
of mercuric iodide is negligible. 

When solid mercuric iodide is added to a saturated solution of 
potassium iodide represented by a, the composition of the mixture 
follows the line ag. The first solid phase which separates is thus 
potassium mercuri-iodide hydrate (KHgI;,H,0). 


The System: Potassium Iodide—Water—Ethyl Ether. 


The results obtained in the investigation of this system at 20° 
are given in table III and shown diagrammatrically in Fig. 6, 
where point nm represents potassium iodide, m water, and r ether. 


TaBLeE ITI. 
The System: Potassium Iodide—Ethyl Ether—-Water at 20°. 


Percentage composition Percentage composition 


of upper layer. of lower layer. 


H,O Et,O Solid phase. 
40-8 

93-0 

40-7 

72-1 . None. 


The base line mr represents the heterogeneity which occurs in the 
system water—ether. On the addition of the third component, the 
limits of miscibility are naturally altered. In this case there is 
some indication of approaching homogeneity after saturation with 
potassium iodide is reached. It is therefore conceivable that at a 
higher temperature there would be an uninterrupted solubility 
curve from the solubility of potassium iodide in water to the same 
in ether. 

The following is a brief consideration of the system. 

The solubility of ether in water is represented by the point 2, 
that of water in ether by the point g. 

The solubility of potassium iodide in water is represented by the 
point d, that of potassium iodide in ether by the point c. This, in 
practice, is negligible. 

The curve da represents the saturation curve of potassium iodide 
in water containing ether, ch that of potassium iodide in ether 
containing water. Further addition of ether to solution @ in 
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contact with solid potassium iodide causes the separation of a 
second lighter layer, the composition of which is represented by h. 
Similarly, the addition of water to solution / in contact with solid 
potassium iodide causes separation of a second, denser layer, the 
composition of which is represented by a; a and h are therefore 
invariant solutions; a is an aqueous solution saturated simultane- 
ously with solid potassium iodide and ethereal solution A, whilst 
h is an ethereal solution saturated simultaneously with solid 
potassium iodide and aqueous solution a; a and fA are therefore 


Fic. 6. ' 


a(KD 


conjugate solutions in equilibrium with one another and with solid 
potassium iodide. 

In Fig. 6 the curve az represents aqueous solutions unsaturated 
with respect to solid potassium iodide, but in equilibrium with 
ethereal solutions represented by points on gh, whilst gh represents 
ethereal solutions unsaturated with respect to solid potassium 
iodide, but in equilibrium with aqueous solutions represented by 
points on the curve az; az and hg are therefore conjugate curves. 
A solution represented by a point on one of these is in equilibrium 
with a solution represented by a definite point on the other. 
These curves, az and fg, naturally end in the points z and g 
respectively. 
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We can now distinguish the portions into which the triangle 
mnr is divided. 

Area dna represents mixtures of aqueous solutions on da+ solid 
potassium iodide; chn represents mixtures of ethereal solutions on 
ch+solid potassium iodide; nah represents mixtures of the two 
conjugate solutions a and h+solid potassium iodide; daxm repre- 
sents unsaturated aqueous solutions; chgr represents unsaturated 
ethereal solutions; and azgh represents mixtures of two conjugate 
solutions (aqueous and ethereal) represented by conjugate points 
on ax and gh respectively. 

The behaviour of a mixture of two components when the third 
is added to it is as follows: 

If na is drawn and produced to meet mr in p, whilst nh is drawn 
and produced to meet mr in q, the line mr is divided into three 
parts, namely, mp, pq, and qr. 

We will first consider a mixture of ether and water represented 
by a point & on mp. If, as in Fig. 6, & lies between m and 2, this 
mixture is homogeneous, whilst if & lies between 2 and p, two 
layers, of compositions represented by « and g respectively, are 
formed. If now potassium iodide is added to this mixture, its 
composition follows the line kn. This line cuts the curve da, and 
enters the area dna. The addition of potassium iodide to the 
mixture & therefore finally gives a homogeneous saturated solution 
represented by a point on da. Similar considerations show that 
any mixture represented by a point on gr gives, on addition of 
potassium iodide, a saturated homogeneous solution represented by 
a point on ch. 

It will further be observed that if & lies between m and z it is 
possible for the line kn to cut the curve za in two places, e and f. 
When this is the case, the addition of potassium iodide causes the 


_ Separation of an ethereal layer at e, which disappears again at f, 


where the mixture becomes homogeneous. This ethereal layer is, 
of course, very small in amount. 

Any mixture of ether and water represented by a point j between 
p and g exists throughout as two layers. These are first represented 
by z and g, and as potassium iodide is added, they follow the 
curves za and gh until, when the mixture reaches }b, they have 
compositions represented by a and h respectively. Further addition 
of potassium iodide leaves these layers unchanged. 

The phenomena occurring when potassium iodide is added to an 
ether—water mixture lying between g and g can be seen at once 
from the figure. 

When ether is added to an unsaturated solution of potassium 
iodide in water, such as that represented by ¢, the composition of 
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the mixture follows the line ¢r. At v an upper or ethereal layer 
commences to separate. If the line tr coincides with the conjuga- 
tion line through v, as in Fig. 6, the composition of this upper 
layer is represented by w. As the mixture moves along vw the 
compositions of the two layers remain unchanged, but the relative 
amount of w increases. At any point y the ratio of the two liquids 
is given by the relationship: 
amount of v _ 
amount of w 

When w is reached all the lower layer v has disappeared. The 
solution then remains homogeneous on further addition of ether. 

In most cases, however, ¢r does not coincide with a conjugation 
line, but cuts through a number of them. This means that the 
composition, as well as the ratio of the two liquids, changes as 
ether is added. Since, however, in reality the curve Ag is very 
short, the line tr always approximates to a conjugation line, and 
the compositions of the two layers vary only slightly. 

The addition of water to a mixture of ether and potassium iodide 
represented by z almost immediately (at w) causes a separation into 
two layers, represented by a and h, in contact with solid potassium 
iodide. At 6 all the potassium iodide just dissolves, the solutions 
still being represented by a and h. As the mixture then moves 
from 6 to s, these solutions follow the curves az and hg, whilst the 
relative amount of the ethereal solution decreases. At s the ethereal 
solution just disappears, and the aqueous solution remains homo- 
geneous on further addition of water. 


length of wy 
length ot vy 


The System: Ethyl Ether—Potassium Iodide—Mercuric Iodide. 


The equilibrium obtained in this system is of a remarkable 
character. The results are given in table IV and shown diagram- 
matically in Fig. 7, and the more important features of this 
diagram may first be briefly considered. 

Point a represents potassium iodide; s, ethyl ether; c, mercuric 
iodide; and 7 potassium mercuri-iodide. 


TasLe IV. 


The System: Potassium Iodide—Mercuric Iodide—Ethyl 
Ether at 20°. 


Percentage Percentage Percentage 
composition of composition of composition of 
upper layer. lower layer. residue. 
etl 


aS 
KI. HglI,. KI. HglI.,. Solid phase. 
None. 51-0 41-9 KI+KHgI, 
17-6 53-2 25-6 67-4 KHglI, 
16-5 56-1 — — Hgl, 
17-0 58-2 18-3 71-6 KHgl,+ HglI, 
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Line de represents the range of saturated solutions co-existing 
with solid potassium iodide ; lines ¢f and hk represent the range of 
saturated solutions co-existing with solid potassium mercuri-iodide ; 
bg and mk, with solid mercuric iodide; and fg and hm represent 
the ranges of two series of conjugate liquids in equilibrium with 
one another. 

Point ¢ iepresents a saturated solution co-existing with solid 
potassium iodide and solid potassium mercuri-iodide ; points / and h 
represent two conjugate solutions co-existing with solid potassium 
mercuri-iodide ; g and m, with solid mercuric iodide; point & repre- 


Fic. 7. 


a (KI 


(Hel) 


sents a saturated solution co-existing with solid potassium mercuri- 
iodide + solid mercuric iodide. 

Area defgb represents unsaturated solutions containing a small 
proportion of dissolved salts; hkm represents unsaturated solutions 
containing a large proportion of dissolved salts; ade represents 
mixtures of solutions on de+solid potassium iodide; efj, on 
ef+solid potassium mercuri-iodide; fhmg represents mixtures of 
two conjugate solutions on fy and hm respectively; bgc represents 
mixtures of solutions on bg+solid mercuric iodide; hjk, on hk+ 
solid potassium mercuri-iodide ; kme, on mk +solid mercuric iodide : 
aej represents mixtures of solution ¢ + solid potassium iodide + solid 
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potassium mercuri-iodide; fjh, f and h+solid potassium mercuri- 
iodide; gmc, g and m+solid mercuric iodide; and jke, k+solid 
potassium mercuri-iodide + solid mercuric iodide. 

It will be noticed at once that the saturation curve of potassium 
mercuri-iodide is divided into the two parts ef and hk, whilst that 
of mercuric iodide is divided into the two parts by and mk. These 
two saturation curves intersect at &, which thus represents a 
solution saturated with both solids. Both these saturation curves 
are divided into two portions by a binodal curve, k,zfgk,mhy, 
which cuts across them. Only the parts fg and hm, representing 
two series of conjugate solutions, are stable. The metastable parts, 
both of the binodal curve and of the saturation curves, are 
indicated by dotted lines. 

Unfortunately, the actual range of all the curves is exceedingly 
small, but the form of the isotherm as shown in Fig. 7 is deduced 
from the experimental evidence given below. 

There is no formation of two liquid layers in any of the three 
two-component systems from which the three-component system is 
built up. 

Both potassium iodide and mercuric iodide are practically 
insoluble in ether, so that in the ordinary way it might be expected 
that the addition of a small quantity of mercuric iodide to a 
solution already saturated with potassium iodide, and containing 
a considerable quantity of that salt as solid phase, would merely 
cause the solution to become saturated with respect to potassium 
iodide and potassium mercuri-iodide; the formation of the double 
salt can be premissed on the law of corresponding isotherms. The 
actual course of events, however, is different from the above 
scheme. 

The experiment described above causes the separation of a 
heavy liquid rich in potassium iodide and mercuric iodide, which, 
on continued shaking, disappears, and leaves the solution saturated 
with respect to potassium iodide and potassium mercuri-iodide. 

The transitory formation of this heavy liquid may be readily 
explained by reference to the diagram, in which the whole of the 
binodal curve is shown, the stable part by complete lines, the 
metastable part by dotted lines. A consideration of the ¢ surfaces 
shows us that if the metastable prolongation of the saturation 
curve of potassium iodide cuts the metastable portion of the 
binodal curve, we can obtain two liquid layers in equilibrium with 
solid potassium iodide. The conditions for such a metastable equili- 
brium are shown in the diagram by the area axy, in which z and y 
represent the two liquid layers. This area is divided up into two 
stable areas representing the following equilibria: (1) potassium 
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iodide + potassium mercuri-iodide+solution e, and (2) potassium 
mercuri-iodide + solutions on ef. 

Since we started with a solution containing a considerable excess 
of solid potassium iodide, it is evident that the ultimate stable 
equilibrium will be potassium iodide + potassium mercuri-iodide + 
solution e. 

If we take some of solution ¢ saturated with potassium iodide 
and potassium mercuri-iodide, but containing only potassium 
mercuri-iodide as solid phase, and add mercuric iodide to it, a 
second liquid layer is formed almost at once, which does not 
disappear on continued shaking. This means that we rapidly 
traverse the small range of solutions on e/ saturated with potassium 
mercuri-iodide, and arrive in the complex area, fjyh, which repre- 
sents mixtures of potassium mercuri-iodide with solutions f and h. 

If a complex consisting of a small quantity of solution / and 
a large quantity of solid potassium mercuri-iodide and solution h 
is now taken, and solid mercuric iodide added to it, the solution 
f disappears, and if sufficient mercuric iodide is added, we obtain 
a solution saturated with respect to two solid phases, namely, 
potassium mercuri-iodide and mercuric iodide. This means that 
the complex of solid and solution has entered the area jke. 

If, on the other hand, the two solutions f and / saturated with 
potassium mercuri-iodide and containing this salt in slight excess 
are treated with small quantities of solid mercuric iodide, the solid 
phases disappear, and we enter a two liquid region. This is shown 
in the diagram by fhmg. 

The addition of a large excess of mercuric iodide causes the 
formation of two liquid layers saturated, with respect to mercuric 
iodide. This equilibrium is also attained when potassium iodide 
is added to a saturated solution of mercuric iodide in ether, con- 
taining an excess of that salt, It is represented by the area gme. 

The author is carrying out a further series of observations on 
this system at other temperatures. 


The System: Mercurie Iodide—Water—Ethyl Ether. 


Since mercuric iodide is practically insoluble in ethyl ether and 
water, and in all mixtures of these two components, no points 
have been determined in this system, which is similar in type to the 
system potassium iodide—water—ethyl ether. 


In conclusion, the author wishes to acknowledge with gratitude a 
grant from the Chemical Society, which has enabled him to carry 
out this research. 


Sin JoHN Deane’s GRAMMAR SCHOOL, 
NorTHWICH, CHESHIRE. 
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XLI.—Unstable Compounds of Cholesterol with 
Barium Methoude. 


By Epcar NEWBERY. 


A metuHop for extracting cholesterol and cerebrone from brain by 
boiling with a methyl-alcoholic solution of barium hydroxide, 
evaporating te dryness, and extracting the dry material with an 
organic solvent, has long been in use in the Chemical and Patho- 
logical Departments of the Manchester University (compare Smith 
and Mair, J. Path. Bact., 1910, 15, 122, and Lapworth, zd:d., 
1911, 15, 254). 

Professor Lapworth, using this method, found that with excess 
of baryta the cholesterol was extracted by ether in a Soxhlet 
apparatus only with great difficulty; but if the excess of baryta * 
had been destroyed by a stream of carbon dioxide, or by addition 
of acetic acid before removal of methyl alcohol in the first instance, 
then the cholesterol was extracted from the dry residue with great 
facility. 

The work described in the present paper was undertaken with 
a view to ascertain, if possible, the cause of this retention of the 
cholesterol. 

Cholesterol was carefully purified by repeated crystallisation 
from methyl alcohol, acetone, and ether, dried thoroughly, and a 
solution in ether made up containing 0°01 gram of dry cholesterol 
in 1 c.c. Definite volumes of this solution were measured out for 
each experiment, and the ether distilled off, thus ensuring the 
presence of a pure substance free from the hydrated compound. 

Experiments were first performed to determine the conditions 
under which cholesterol is taken up by baryta. 

Series I.—All the evidence collected pointed to the conclusion 
that solid’ barium oxide, hydroxide, or methoxide added to a 
solution of cholesterol in ether does not absorb any appreciable 
quantity of cholesterol, and consequently that the solid baryta and 
cholesterol must previously have been in solution together before 
the influence of the former on the solubility of the latter becomes 
appreciable. Subsequent investigations were therefore confined to 
cases where this condition was fulfilled. Since methyl alcohol is 
the only available liquid capable of dissolving both solids, it was 
used in all the operations described hereafter. 

Serves IJ.—In these experiments 1°25 grams of barium hydr- 


* Throughout this paper, the word ‘‘baryta” is used where it is doubtful if the 
oxide, hydroxide, methoxide, or cholesterol compound is the active agent. 
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oxide, or its equivalent of barium oxide, dissolved in methyl alcohol 
was added to 0°25 gram of cholesterol, and the solvent subse- 
quently evaporated. Consistency in the weights of solids used was 
secured by employing standard solutions of both, dry ether being 
used as a solvent for the cholesterol, and evaporated off before 
addition of baryta. 

(i) In the first experiment of this series the dried cholesterol- 
baryta mixture was covered with 60 c.c. of ether, the whole boiled for 
measured periods of time, and cooled, when 10 c.c. of the clear, 
supernatant solution were removed with a pipette and evaporated 
to dryness on the steam-bath, with the following results: 

(a) The solution attained a definite concentration of 1°95 grams 
of cholesterol per litre after ten minutes at the boiling point, and 
further boiling for two hours did not appreciably affect this. 

(6) On pouring off the bulk of the residual ether, and replacing 
it by 30 c.c. of fresh ether, a steady state was again attained, but 
the concentration of cholesterol was higher than before, namely, 
2°30 grams per litre. 

(c) On repeating the last process three times with successive 
quantities of 30 c.c. of ether, the steady concentrations attained 
were successively 1°7, 1°0, and 0°4 grams per litre. 

The results of this experiment are represented by curve A * 

(ii) An attempt was made to repeat experiment II (i), using 
boiling benzene as solvent, but after ten minutes’ boiling 0°24 gram, 
or roughly 96 per cent., of the cholesterol had been dissolved from 
the solid. 

(iii) Experiment II (i) was repeated with benzene at 25° and 
at 35°, but it was found that extraction was very slow; twelve 
hours at 35° and at least a week at 25° elapsed before a stcady 
state was attained. The results of the successive extractions are 
shown in Fig. 3. 

(iv) In continuation of II (ii) above, experiments were made t6 
ascertain whether the cholesterol removed at 80° was re-absorbed 
at 25°. The results showed that no appreciable re-absorption took 
place. 

Series II1I.—Conditions under which Equilibrium is Attained. 
Re-absorption of Cholesterol by the Exhausted Residue.—(i) The 
first evidence of reverse action was obtained in the following way: 

A cholesterol-baryta mixture, prepared as before, was extracted 
from 60 c.c. of boiling ether, followed by five successive lots of 


* In these curves, Figs. 1, 2, and 3, the abscisse represent the combined 
volumes of the solvent used; and the ordinates, the concentration of the 
cholesterol solution in grams per litre. Fiy. 4 illustrates the influence of tempera- 
ture on the quantity extracted by 60 c.c. of ether. 
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30 c.c. each, fifteen minutes being allowed for each extraction. By 
this means 0°226 gram out of 0°25 gram was extracted at constant 
temperature 35°. This weight, 0°226 gram of cholesterol, was 
then dissolved in 60 c.c. of ether and the solution added to the 
residue in the flask, thus giving a more concentrated solution than 
had previously been in contact with the baryta. After remaining 
at 35° for twenty-four hours, boiling twenty minutes, remaining 
another eighteen hours, and again boiling twenty minutes, cooling, 
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and decanting, it was found that the 0°226 gram of cholesterol in 
solution had been reduced to 0°205 gram. Boiling again under 
the same conditions for twenty-five hours further reduced this to 
0°186 gram, indicating that 0°040 gram had been re-absorbed by 
the solid. Further boiling for twenty-four hours produced no 
appreciable change of concentration. 

To test the accuracy of the observations, the solid residue was 
treated with dilute hydrochloric acid, and the liberated cholesterol 
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was recovered with ether and weighed. 0°064 Gram was present, 
showing an increase of 0°040 gram on that present at the beginning 
of the “reverse” experiment. 

From this it appears that re-absorption does, in fact, take place, 
but very much more slowly than does the direct action. 

(ii) A similar experiment was conducted with benzene at 35° 
in place of ether. Out of a total of 0°162 gram of cholesterol 
extracted and then returned to the mixture, with 60 c.c. of 
benzene, after remaining with frequent shaking for two days, 
0°024 gram was re-absorbed by the solid; after five days, 0°032 
gram; and after six weeks, 0°036 gram. 

Series IV.—Effect of Extent of Desiccation of Solid—In carry- 
ing out the above experiments, a solution of cholesterol with baryta 
in methyl alcohol was in each case evaporated to dryness before 
extracting with ether or benzene. 

This operation of drying the mixture was extremely difficult to 
carry out efficiently without decomposing the cholesterol, and 
further experiment showed that the curves obtained were greatly 
modified by more thorough drying. 

(i) When the methyl alcohol was boiled off in a flask on a 
steam-bath, and pure dry air passed over for five minutes, curve A 
was obtained. 

(ii) When the mixture, after treating as in (i), was further dried 
in a vacuum for half-an-hour, curve B was obtained. 

(iii) On drying further at 100° in a stream of pure dry air, 
exhausting, and filling with pure dry air thirty times, and keeping 
in a vacuum for three hours, curve C was obtained. 

(iv) Still more careful drying led to curve D. 

It was also found ‘that the more careful the drying the greater 
was the time necessary to attain constant concentration in the 
ether solution, an hour’s boiling being needed in extreme cases 
in place of the ten minutes in the first experiments. 

From this it is evident that the presence of water or methyl 
alcohol profoundly affects the state of equilibrium attained in the 
supernatant solution. 

(v) To determine the influence of water a solution was made of 
anhydrous barium oxide in dry methyl! alcohol, sodium-dried ether 
being used for extracting, and the same precautions taken to dry 
the baryta—cholesterol mixture as for experiment IV (iii). The 
results are illustrated by curve E. 

(vi) This was so different from what had been expected that the 
experiment was repeated, ab initio; still more stringent precautions 
were taken in drying and removing adherent alcohol, the drying 
process being continued until no change in weight occurred, when 
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the mixture was kept in an exhausted desiccator for twenty-four 
hours. Curve F illustrates the result of this experiment. More 
than two-thirds of the cholesterol was extracted in the first 
operation. 

The weighings in this experiment, taken primarily with the 
object of proving the mixture incapable of further drying, showed 
also that 0°248 gram of methyl alcohol was firmly retained by 
1-111 gram of barium oxide present. Since 0°232 gram of methyl 
alcohol is required to form the compound HO-Ba:O-CH, with 
1111 grams of barium oxide, only 0°016 gram of free methyl 
alcohol could possibly have been present, and even this was possibly 
not free, but combined in the form of barium dimethoxide. 

(vii) To determine the effect of excess of water on the curves, 
1 c.c. of water was added to a carefully dried baryta-cholesterol 
mixture, prepared as before, and the mixture again well dried. 
The whole of the cholesterol was extracted 1t once by the first lot 
of ether. 

The flask containing the mixture was weighed before and after 
the addition of water, and it was found that a loss of weight had 
occurred, doubtless due to the decomposition of methoxide by 
water. 

From this it is evident that the barium methoxide or dimeth- 
oxide is in some way responsible for the retention of the cholesterol, 
and the decomposition of this barium compound by water, or 
carbon dioxide, as in Lapworth’s experiments, sets free all the 
cholesterol. It would thus appear that the absen.e of water and 
the presence of methyl alcohol are the two most important condi- 
tions for preventing extraction of the cholesterol. 

This conclusion was fully justified by the following experi- 
ments : 

Series V.—(i) A baryta—cholesterol mixture was prepared as 
before, using anhydrous barium oxide in dry methyl alcohol, but 
this time was left visibly moist with methyl alcohol. 

The extraction curve G was obtained. On adding ether (60 c.c.) 
and boiling for five minutes, the concentration of the solution 
became constant at 0°4 gram per litre, and did not rise above 
this when boiled for three hours further, although the solubility 
of cholesterol in ether at this temperature is five hundred times as 
great as this concentration suggests, 

In the earlier stages of the work an unsuccessful attempt was 
made to absorb cholesterol from an ethereal solution by means 
of baryta which had been dissolved in methyl alcohol and evapor- 
ated to dryness. In the light of the last two experiments, the 
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attempt would have succeeded if water had been excluded and 
excess of methyl alcohol had been present. 

This conclusion again was justified by experiment as follows: 

(ii) A solution of anhydrous barium oxide in dry methyl alcohol 
was evaporated nearly to dryness, but left visibly moist with the 
alechol. Sixty c.c. of ether containing 0°25 gram of cholesterol 
were then added, and the solution was boiled gently for twelve 
hours. After remaining at 15° for a further twelve hours, it was 
found that more than half (0°138 gram) of the cholesterol had been 
removed from the solution by the solid. With further boiling the 
concentration of the solution was again slightly diminished, show- 
ing that equilibrium was not fully attained in twenty-four hours 
under these favourable conditions. 

From the foregoing data it may confidently be inferred that 
barium methoxide forms a more or less definite solid compound 
with cholesterol, which is quite stable only in presence of excess 
of methyl alcohol. The horizontal sections of curves C, D, and G 
suggest the presence of a solid two-phase system, which probably 
consists of the solid compound, with its dissociation product, 
barium methoxide, above which there is a definite concentration of 
cholesterol. 

The right-hand end of the horizontal section would thus corre- 
spond with the disappearance of the solid compound, whilst the 
gradually descending section of the curve is probably characteristic 
of an adsorption of cholesterol by barium oxide or methoxide or 
both. 

The initial rising sections of the curves are probably associated 
with the removal of the stabilising excess of methyl alcohol; the 
form of this section also suggests that adsorption of methyl alcohol 
occurs, and may correspond with a three-phase solid system of solid 
compound, barium methoxide, and a solid or solid solution which 
contains adsorbed or dissolved methy! alcohol. 


Summary and Conclusions. 


(a) Under certain conditions, Smith and Mair’s original method 
for extracting cholesterol from brain matter may either fail to 
yield all the cholesterol or require an excessive time and quantity 
of solvent to remove it. The conditions are: 

(1) Presence of methyl alcohol in excess. 

(2) Low temperature of extraction (see Fig. 4). 

(3) Absence of water and other substances capable of decom- 
posing barium methoxide. 

The reason for the difficulty of extraction appears to be the 
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formation of a compound or possibly a series of compounds of 
barium methoxide with cholesterol. 

(b) Cholesterol is not singular in the above respects, as hexadecyl 
alcohol has been found to behave in a similar way. 


In conclusion, the author desires to express his thanks to 
Professor Lapworth for suggesting this work, and for the interest 
he has taken in its progress, 
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XLII.—The Reaction Between Iodine and Aliphatic 
Aldehydes. 


By Harry Meprortn Dawson and JosepH MarsHALL. 


Te only account of experiments on the action of iodine in ali- 
phatic aldehydes was published in 1889 by P. Chautard (Ann. 
Chim. Phys., 1889, [vi], 16, 656), and a résumé of Chautard’s 
results is necessary to explain our re-investigation of this reaction. 
This observer obtained monoiodo-substituted aldehydes by allowing 
iodine and iodic acid to remain in contact with a dilute alcoholic 
solution of an aldehyde for some time at the ordinary temperature, 
and he was unable to obtain further substitution by increasing the 
proportion of iodine and iodic acid reacting with the aldehyde. 
The monoiodo-aldehydes were unstable substances, which could not 
be distilled without decomposition, and of those which he described, 
the iodopropionaldehyde was the most stable. With regard to 
their constitution, Chautard makes certain statements which seem 
to us to be of considerable interest. There can be no question of 
the constitution of a mono-substituted acetaldehyde, but the case 
is, of course, different with the higher aldehydes. Chautard states 
that on boiling iodopropaldehyde with dilute nitric acid, it is 
converted into B-iodopropionic acid, melting at 82°, and he con- 
cludes that the aldehyde is, therefore, the B-compound, 
CH,I-CH,-CHO. 

In the case of iodotsobutyraldehy de, Chautard was unable to isolate 
any B-iodobutyric acid from the products of oxidation, but he 
assumed that the iodobutyraldehyde is also’ a B-compound, namely, 
CH,°CH(CH,I)-CHO. Further, Chautard obtained an iodovaler- 
aldehyde which, from analogy to a chlorine derivative described by 
Popoff and Pavleski (Ber., 1876, 9, 1606), he assumes is the 
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a-derivative, CH(CH;),*CHI-CHO, and in the case of heptalde- 

hyde he assigns to the iodine derivative the formula 
CH;:[CH,],-CHI-CHO 

“sous toutes réserves.” 

Apart from the fact that Chautard assigns formule to two 
iodoaldehydes which show them to be a-derivatives, whilst in 
two more cases he assigns formule showing them to be f-deriv- 
atives, it seemed of interest to us to re-investigate the question, 
since the production of B-substituted derivatives would be 
difficult to reconcile with a theory of substitution analogous 
_ to that adopted by one of the authors in the case of the action 

of a halogen on an aliphatic ketone (T., 1909, 95, 1860). In 
this reaction, it is assumed that the ketone changes into its 
tautomeric enolic form, and that then a molecule of halogen is 
added on at the double linking. Finally, the elimination of a 
molecule of halogen acid results in the formation of the substitu- 
tion product, which must necessarily have the halogen atom 
attached to the a-carbon atom. A scheme showing this series of 
reactions would be: 

R:CO-CH, —> R°C(OH):CH, —> R°C(OH)X-CH,X — 

R:CO-CH,X 
(where X =halogen). 

Since Chautard described iodopropaldehyde as the most stable of 
the iodo-aldehydes which he prepared, and was the only one in 
which he carried out experiments to determine the constitution of 
the substance, it was decided to investigate this aldehyde. 

Thirty grams of propaldehyde were mixed with 85 c.c. of 90 per 
cent. alcohol, after which 41°5 grams of iodine were added, and 
finally 16°5 grams of iodic acid. The mixture was allowed to 
remain, with frequent shaking, at a temperature of from 18° to 
20° for about fourteen days. After this period the solid iodine 
and iodic acid had disappeared, and the mixture was of a dark 
brown colour. Water was added, and the heavy oil which was thus 
precipitated was separated, washed with very dilute sodium car- 
bonate solution, and finally dehydrated over sodium sulphate. 

The iodo-aldehyde, contrary to Chautard’s statement, can be 
distilled under diminished pressure, and was obtained as an almost 
colourless liquid, boiling at 83—84°/17 mm. In one experiment 
the yield was more than 30 grams, but in most cases only about 
15 grams of iodo-aldehyde were obtained from 30 grams of prop- 
aldehyde. The iodo-aldehyde was boiled with dilute nitric acid 
(1HNO,:4H,O) under reflux until iodine began to separate, and 
a clear solution had been obtained. On cooling, the liquid was 
filtered and extracted with ether. The ethereal extract was washed 
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with dilute sodium carbonate solution in order to remove the acid 
from any unchanged aldehyde. After acidifying the alkaline 
solution, it was extracted with ether, and subsequently, after 
dehydration of the solution, the ether was removed by heating in 
a vacuum on a water-bath. The residual oil was allowed to remain 
for several days in the ice-chest, but no crystallisation occurred, 
although a trace of B-iodopropionic acid was added to induce crys- 
tallisation. This oil was completely soluble in dilute ammonia or 
dilute sodium carbonate solution, but it was not very soluble in 
water. After boiling the acid with dilute sodium carbonate solu- 
tion, cooling, and acidifying with dilute nitric acid, the addition 
of silver nitrate solution caused the precipitation of silver iodide. 
This reaction was used as a means of identifying the acid, which 
was boiled with sodium carbonate solution, acidified, and extracted 
with ether. The liquid remaining after the removal of the ether 
was identified as lactic acid. It gave carbon monoxide when it 
was heated with concentrated sulphuric acid, whilst boiling with 
the dilute acid liberated acetaldehyde and formic acid. The zinc 
salt was obtained and compared with zinc lactate, and was found 
to be identical. 

There can be no doubt, then, that the product of the action of 
iodine on propionaldehyde is a-iodopropaldehyde. 

A reaction which is described in Chautard’s memoir (loc. cit.) is 
that of silver acetate on the iodo-aldehydes. Instead of obtaining 
the acetyl derivatives of the hydroxy-aldehydes as would be 
expected, Chautard claims to have obtained the acetate of the 
alcohol corresponding with the aldehyde with which he was experi- 
menting; for instance, by allowing silver acetate to react with 
iodoacetaldehyde, he obtained ethyl acetate, whilst in a similar 
manner from iodopropaldehyde, isopropyl acetate was produced. 
Chautard makes no attempt to explain the mechanism of this 
reaction, and without attempting to do so, we think that the 
assumption is justified that the acetyl group would attach itself 
to that carbon atom of the aldehyde to which the iodine atom was 
previously linked. In that case, accepting Chautard’s statement 
that his iodopropaldehyde was the §-derivative, he should have 
obtained -propyl acetate by the action of silver acetate, whereas 
he actually obtained isopropyl acetate. 

It seemed desirable, therefore, to repeat this reaction. For this 
purpose, iodoacetaldehyde was made according to Chautard’s 
method. The reaction product was poured into water, and 
extracted with ether (free from alcohol). The ethereal solution was 
decolorised by washing with sodium thiosulphate solution, and, 
after dehydration, it was boiled under reflux on the water-bath 
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with. excess of silver acetate, until no appreciable amount of iodine 
was left in the ethereal solution. The silver iodide was filtered off, 
the ether distilled off on a water-bath, and heating on the water- 
bath was continued until nothing further distilled. The tempera- 
ture of the vapour did not rise above 53°, so that no ethyl acetate 
could have been present, a result which had been expected from 
the absence of the slightest odour of this substance. The residue 
left after the evaporation of the ether was a yellow, viscous liquid, 
which distilled in a vacuum when heated on a water-bath, and it 
distilled at the atmospheric pressure between 108° and 112°. 

The distillate was a colourless liquid with a pungent odour, but 
this may have been due to the presence of a trace of unchanged 
iodoacetaldehyde, as a little iodine was found in it. This liquid 
gave all the reactions of an aldehyde, and when heated with absolute 
alcohol and a little concentrated sulphuric acid, the odour of ethyl 
acetate was observed. 

The phenylhydrazone was obtained as a faintly yellow substance, 
readily soluble in alcohol or ether, but not very soluble in light 
petroleum, and it melted at 128°. Although no analysis was made 
of the substance, there is every reason to assume that the reaction 
between the iodo-aldehyde and silver acetate proceeds quite 
normally, instead of abnormally, as stated by Chautard. 


Tne UNIVERsITy, LEEDs. 


XLILI.—Dyes Derived from Quercetin. 


By Epwin Roy Watson and Kumup Benarti SEN. 


In a previous paper by one of us (this vol., p. 338) there is 
described the introduction of an amino-group into the quercetin 
molecule, which was effected with the object of deepening the 
colour of the dye. The amino-group did not, however, produce 
much effect in this direction. The present paper contains an 
account of further work with the object of preparing quercetin 
derivatives which would dye deep shades. This object has now been 
satisfactorily attained. 

The methods adopted with the object of deepening the colour 
may be classified as follows: 

(1) The introduction of bathychrome groups. 

(2) The introduction of additional auxochrome groups. 

(3) The introduction of additional chromophores. 
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(4) Modification of the molecule so as to satisfy the conditions 
required by a theory proposed by one of us (P., 1913, 29, 348), 
namely, that the molecule should be quinonoid in all possible 
tautomeric forms. 

(1) The Introduction of Bathychrome Groups—As 6/-nitro- 
quercetinpentamethyl ether had already been prepared (loc. cit.), 
an attempt was made to demethylate it, and so obtain 6/-nitro- 
quercetin. Only partial demethylation has been satisfactorily 
accomplished with the production of 6/-nitroquercetin dimethyl 
ether, which on acetylation gives the triacetate. The former 
substance dissolves in aqueous potassium hydroxide to a reddish- 
brown solution, and consequently as a dye has no special interest. 

(2) The Introduction of Additional Auxochrome Groups.— 
Nothing further in this direction has been accomplished. Nieren- 
stein and Wheldale (Ber., 1911, 44, 3487) have described the 
preparation of 8-hydroxyquercetin, which, however, dyes practi- 
cally the same shades as quercetin. Qwuercetinsulphonic acid has 
been prepared with the object of subsequently converting it into 
thiolquercetin, but this object has not been attained. Attempts 
to replace the bromire atoms in mono- and di-bromoquercetin 
pentamethyl ether by anilino-groups did not succeed. 

(3) The Introduction of Additional Chromophores.—Naphthol- 
azoquercetin dimethyl ether has been obtained by the partial 
demethylation of the corresponding pentamethyl ether, previously 
described. It dyes maroon shades on alum-mordanted cotton. 
Triacetylquercetin, obtained by the action of anhydrous aluminium 
chloride on quercetin penta-acetate, contains four chrom~phores 
(ketonic groups), but has no deeper colour than quercetin. By 
similarly heating quercetin pentachloroacetate with anhydrous 
aluminium chloride there is obtained a chlorine-free substance, of 
which the acetyl derivative melts at 248—250°, and which is 
evidently a hydroxyfurano-derivative of quercetin. This has much 
the same colour as the original dye. From a similar treatment of 
quercetin tribenzoate no crystalline substance could be isolated, 
the amorphous product showing again no deeper colour. 

(4) It was thought that if the pyrone ketonic group could be 
replaced by the group CR-OH, the resulting compound . would 
behave like the dyes of the triphenylcarbinol series, namely, lose 
a molecule of water and become permanently quinonoid with no 
possibility of tautomerising into a non-quinonoid form, and that 
this should result in a deepening of the colour. This anticipation 
has been realised in several ways. 3:4:5:7-Tetrahydroxy-2-m-p- 
dihydroxyphenyl-1 :4-benzopyran has been obtained by the reduc- 
tion of quercetin by sodium amalgam, preferably in alcoholic 
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hydrochloric acid solution. It had been already prepared by 
Hlasiwetz and Pfaundler (J. pr. Chem., 1864, 94, 85), but these 
investigators neither analysed it nor recognised its constitution. 
It dissolves in alcohol with a magenta colour, and in aqueous 
potassium hydroxide to a green solution, but is so readily oxidised 
to quercetin that it is useless as a dye. By the action of dimethyl- 
aniline on quercetin in the presence of phosphoryl chloride there 
is obtained a substance which dyes slaty-blue shades, the analysis 
of which agrees with 3:5-dihydroxy-7-keto-4-p-dimethylamino- 
phenyl-2-m- ee -1:4-benzopyran, 
Zz OH 
” de ti SOOT ellis” 
O:: ic a pou. 


Experiments have also been made to prepare the same substance 
through the methyl ether. The action of phosphorus pentachloride 
on quercetin pentamethyl ether gives a white, crystalline substance, 
C,)H,,0;Cl,, which must be regarded as 4-chloro-4-hydrozy-3 :5 :T- 
trimethoxy-2-m-p-dimethozry phenyl-1 :4-benzopyran, but attempts 
to replace the chlorine atom by the action of dimethylaniline and 
other reagents have been unsuccessful. With hydriodic acid 
(D 1°7) quercetin is produced. By the action of Grignard’s reagent 
(magnesium ethyl iodide) on quercetin pentaethyl ether there is 
obtained the crimson oxonium salt 3:5: 7-triethoxy-2-m-p-diethoxy- 
phenyl-4-ethyl-1:4-benzopyran anhydrohydriodide (I), which on 

OI OEt o OH 

ON __< None Ho \7 \4\o—-¢ SoH, H,0 

Os oH \— ; 


de-ethylation by hydriodic acid is converted into the crimson 
3:5:7-trihydroxy-2-m-p-dihydroxy phenyl-4-ethyL1 : 4-benzopyran an- 
hydrohydriodide (II). The corresponding base, liberated by sodium 
acetate, dissolves in alcohol with a magenta colour, in aqueous 
potassium hydroxide to a deep blue solution, and dyes wool violet 
(on alum and chrome) and crimson (on tin). By the preparation 
of this substance the object of the present investigation has been 
satisfactorily attained. It indicates a general method, which may 
be of very great value, for the preparation of dyes of deep colour 
by the action of metallo-organic compounds on the ethers. of 
hydroxy-ketonic dyes, 
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In the course of this work the following compounds have also 
been obtained : 

2-Hydroxy-3 :5:7-trimethoxy-1:4-benzopyrone, by the action of 
chromic acid on 6/-nitroquercetin pentamethyl ether; the oxonium 
sulphate, chloride, and bromide of monobromoquercetin penta- 
methyl ether; and an oxonium compound of methyl sulphate and 
quercetin pentamethyl ether, C,)9H, 0;,(CH ;),SO,, isolated in 
small quantity during the preparation of quercetin pentamethyl 
ether. The latter compound seems of interest in connexion with 
the question of the constitution of oxonium salts. It has the same 
bright yellow colour as the other oxonium salts of quercetin penta- 
methyl ether already described (Joc. cit.), and therefore should be 
assigned a similar quinonoid structure. The possibilities would 


seem to be: 
~— 


~ A OMe 
/ \A \ -9o Me /\@ ee 
MeO/ orn 2 =0<0, MeMe0/ ‘ en... OMe 
VA \/ WY 
MeO COMe MeO COMe 


but the first two formule would assume complete splitting of the 
methyl sulphate molecule, and the attachment of the methyl and 
SO,Me groups at distant parts of the molecule—an assumption 
which seems scarcely consistent with the ready regeneration of 
methyl sulphate on treatment of the oxonium compound with 
water; whilst the last formula is similar to those assigned to the 
oxonium salts of dimethyl-4-pyrone, which are colourless, 


EXPERIMENTAL, 
6/-Nitroquercetin Dimethyl Ether, C,;HyO.(OH)3(O-CHs).*NOg. 


For the preparation of this substance nitroquercetin pentamethy] 
ether was quickly powdered with its own weight of anhydrous 
aluminium chloride, and heated for one hour at 160° in a flask 
fitted with a cork and delivery-tube, the latter dipping under 
mercury so that the mixture could not attract moisture from the 
air. The product was added gradually to dilute hydrochloric acid, 
collected, washed, dried, and crystallised from glacial acetic acid. It 
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was obtained in yellow, needle-shaped crystals, melting at 240°, 
readily soluble in acetone, only very moderately so in alcohol or 
benzene, and soluble in aqueous potassium hydroxide with a 
reddish-brown colour. For the removal of a trace of alumina it was 
converted into its acetyl derivative, which was subsequently hydro- 
lysed : 

0°1045 gave 0°2080 CO, and 0°0341 H,O. C=54:28; H=3°61. 

C,,H,,;0,N requires C=54°40; H=3°46 per cent. 

The triacetate, C,;H,O,(OAc),(O°CH;).-NO,, was prepared by 
boiling the above compound with acetic anhydride and a trace of 
pyridine for half-an-hour, cooling the solution, and adding alcohol, 
when the acetyl derivative was gradually deposited in white, or 
almost white, lozenge-shaped crystals, melting at 206°: 

0°1080 gave 0°2190 CO, and 0°0371 H,O. C=55°30; H=3°81. 

Cy3HgOj,.N requires C=55°09; H=3°79 per cent. 


Quercetinsulphonic Acid, C,;H gO7"SO,H. 

One gram of finely-powdered quercetin was gradually added to 
4 c.c. of sulphuric acid, and the mixture heated on the water-bath 
for one or two hours. The quercetin dissolved almost completely, 
and the sulphonic acid was deposited in fine crystals. After the 


mixture had remained for some time, the sulphonic acid was 
separated by an asbestos filter, dried on a porous tile, washed with 
glacial acetic acid (in which it is insoluble), and recrystallised 
from water. It was thus obtained in yellow, needle-shaped crystals, 
which redden on drying over soda-lime, and become browner on 
heating to 140°. It is readily soluble in water: 

0°1158 * gave 0°1999 CO, and 0°0298 H,O. C=47°07; H=2°84. 

0°2233* ,, 0°1291 BaSO, S=7°94. 

0°2724 + lost 0°2282 at 140°. H,O=16°23. 

C,;H 90,98 requires C=47°13; H=2°61; S=8°37 per cent. 
C,;Hj 90,)8,4H,O requires H,O=15°85 per cent. 

The sodium salt, C,;H,O,(OH),(ONa)-SO,Na, was obtained as a 
bright yellow, amorphous precipitate on adding an alcoholic 
solution of fused sodium acetate to the sulphonic acid in the same 
solvent. On drying it became green: 

0°2520 * gave 0°0853 Na,SO,. Na=10°97. 

C,;H,0,)SNa, requires Na=10°80 per cent. 

Naphtholazoquercetin dimethyl ether, 

C,;H,O,(OH),(O-CHs3)°NoC,oH,OH, 
was obtained by heating the corresponding pentamethyl ether with 
its own weight of anhydrous aluminium chloride at 200° for one 


* Dried at 140°. : + Air-dried. 
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hour. The product was gradually added to dilute hydrochloric 
acid, and the mixture was afterwards boiled. In order to remove 
all alumina, the substance, after collecting and drying, was dis- 
solved in cold sulphuric acid, and precipitated by pouring the 
solution into water. It was purified by solution in acetic acid, but 
could not be obtained crystalline. Several preparations, however, 
all melted sharply at 242°. The substance has dyeing properties, 
and gave a maroon shade on alum-mordanted wool. It dissolves in 
alkali with a red colour, and in cold sulphuric acid to an indigo- 
blue solution : 
0°1028 gave 0°2435 COQ, and 0°0383 H,O. C=64:50; H=4'14. 
Cy,HaO,N, requires C=64°80; H=4'00 per cent. 


Triacetyly wercetin, C,;H,O,(OH),Acs. 


Eight grams of quercetin penta-acetate were mixed with twice 
the weight of anhydrous aluminium chloride, and heated for one 
hour at 160°. The product was carefully added to dilute 
hydrochloric acid, and the mixture boiled for five minutes. The 
insoluble substance was collected, washed, dried (5 grams were 
obtained), and purified by acetylating, recrystallising the acetyl 


derivative, and subsequently hydrolysing. The product thus 
obtained cons‘sted of yellow, needle-shaped crystals, was very 
similar to quercetin in appearance, and melted at about 300°. It 
dissolved in aqueous potassium hydroxide with a yellow colour, and 
was only sparingly soluble in alcohol. It formed no oxonium 
sulphate. With boiling alcoholic sodium acetate solution a sodiwm 
salt, C.;H,,0;,>Na, was produced, which separated on cooling as a 
yellow, gelatinous precipitate, subsequently changing to needle- 
shaped crystals: 

0°1170 gave 0°2521 CO, and 0°0420 H,O. C=58'°70; H=3°98. 

Cy,;H 1,0; requires C=58°90; H=3°74 per cent. 


Triacetylquercetin Penta-acetate, C,;H,O,(OAc);Acs. 


The 5 grams of crude triacetylquercetin above mentioned were 
acetylated by boiling with acetic anhydride and a few drops of 
pyridine, and on adding alcohol to the solution the penta-acetate 
was slowly deposited in minute crystals. After three weeks 
3°7 grams were obtained. It was purified by crystallisation from 
glacial acetic acid, and obtained in pale yellow, needle-shaped 
crystals, melting at 208—211°: 

0°1303 gave 0°2789 CO, and 0°0482 H,O. C=58°37; H=4'10. 

C3;H_,0,, requires C=58°30; H=4:07 per cent. 
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0°4934, on hydrolysis, gave 0°3343 triacetylquercetin=67°7 per 
cent. 
C.,H,,0;,(OAc), requires 67°1 per cent. 

Quercetin pentachloroacetate, C,;H;0,(0°CO-CH,Cl);, was ob- 
tained by heating at 135—140° for fifteen minutes a mixture of 
chloroacetic anhydride and quercetin in the presence of a trace of 
pyridine. On adding alcohol to the mixture it was deposited in 
white, needle-shaped crystals, melting at 180°: 

0°2625 gave 0°2721 AgCl. Cl=25°63. 

C,;H,;0j,Cl, requires Cl= 25°93 per cent. 

Previous attempts to prepare this substance by the action of 
chloroacetyl chloride on quercetin were unsuccessful. In the pre- 
paration described, it is very necessary not to let the temperature 
rise too high. 

On heating with anhydrous aluminium chloride it is converted 
into a hydroxyfurano-derivative of quercetin, which has a yellow 
colour, and dissolves in aqueous potassium hydroxide to a brownish- 
yellow solution. This gives an acetyl derivative, crystallising in 
white needles from alcohol and acetic acid, which melts at 
248—250°, and contains no chlorine. 

Quercetin tribenzoate, C,,H;0.(0H).(O°CO-C,H;)3, was obtained 
(1) by the Schotten Baumann method, and (2) by heating quer- 
cetin with excess of benzoic anhydride at 190—200° for two hours. 
In the latter case alcohol was added to the mixture after cooling, 
and the precipitated substance was recrystallised, first from a 
mixture of nitrobenzene and alcohol, and then from acetone. The 
latter solvent deposits it in almost white needles, melting at 173°: 

0°1258 gave 0°3221 CO, and 0°0428 H,O. C=69°82; H=3°78. 

C35H,0;) requires C=70°30 ; H=3°58 per cent. 

The product obtained by heating this substance with anhydrous 
aluminium chloride (benzoylquercetin?) was yellow, and dissolved 
in aqueous potassium hydroxide to a brownish-yellow solution. 
Neither it nor its acetyl derivative has been obtained crystalline. 


3:4:5:7-Tctrahydroxy-2-m-p-dihydroxyphenyl-1 :4-benzopyran, 
Cj5H):0;. 


One gram of quercetin was dissolved in 40 c.c. of warm alcohol 
and 2 c.c. of concentrated hydrochloric acid, and the theoretical 
quantity of sodium amalgam added. The mixture was kept agitated 
and warm, and the solution at once became deep magenta coloured. 
After a time similar quantities of hydrochloric acid and sodium 
amalgam were again added. The solution now showed strong 
absorption from the yellow right into the ultra-violet portion of 

DD 2 
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the spectrum. The substance was precipitated by pouring the 
solution into water, and when collected and dried on a porous tile 
possessed a curious, pale purplish-green colour. It crystallised freely 
from alcohol in needles, but owing to the readiness with which it 
was re-oxidised to quercetin it could not be satisfactorily recrystal- 
lised. It was first dried in a vacuum, and finally in the steam- 
oven: 

0°1012 gave 0°2200 CO, and 0°0385 H,O. C=59°28; H=4°22. 

C,;H,.0, requires C=59°21; H=3°94 per cent. 

The same substance can be obtained by reduction in cold aqueous 
alkaline solution, but excess of sodium amalgam must be avoided 
and the solution must be kept cold. It dissolves in alcohol with 
a magenta colour, and in aqueous alkali to a deep green solution. 
In either solvent it is readily oxidised to quercetin, and on boiling 
with acetic anhydride and a trace of pyridine there is obtained 
only quercetin penta-acetate. 


3 :5-Dihydroxy-7-keto-4-p-dimethylaminophenyl-2-m-p-dihydroxzy- 
phenyl-1 :4-benzopyran, CygH ON. 


One gram of quercetin was added gradually to a mixture of 
12 c.c. of dimethylaniline and 3 c.c. of phosphoryl chloride, and 


the mixture was heated to 120° for one hour. It was then poured 
into water, excess of sodium acetate was added, and the mixture 
evaporated with water several times to remove excess of dimethyl- 
aniline. The dark blue, insoluble substance was collected, washed, 
and treated with hot dilute hydrochloric acid, in which it 
nearly all dissolved to a maroon-coloured solution. The filtered 
solution was treated with excess of sodium acetate, the dark 
blue precipitate collected, very thoroughly washed, dried on a 
porous tile over soda-lime, and finally extracted with ether to 
remove any traces of dimethylaniline. The product thus obtained 
is of a dark blue colour, only sparingly soluble in alcohol, with a 
violet colour, moderately so in glacial acetic acid, dissolving more 
readily in the dilute acid to a deep blue solution, and in hydro- 
chloric acid (concentrated or dilute) with a deep maroon colour. 
It does not melt at 300°. It dyes wool either mordanted with 
alum, chrome, tin, or iron, or unmordanted, in slaty-blue shades. 
In order to make certain that the product was not a mixture con- 
taining a little methyl-violet, obtained by the oxidation of dimethy]l- 
aniline, to which its tinctorial properties might be due, a blank 
experiment was performed by heating a mixture of dimethylaniline 
and phosphoryl chloride only, which gave no methyl-violet. More- 
over, the colour reactions of the dye on the fibre are quite different 
from those of methyl-violet, especially the reactions with acid 
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(cherry-coloured with hydrochloric acid, reddish-brown with sul- 
phuric acid, reddish-orange spot with nitric acid): | 
0°1301 gave 0°3238 CO, and 0:0607 H,O. C=67:87; H=5'18. 
0°3560 ,, 12 c.c. N, (moist) at 28° and 758 mm. N=3°69- 
C,3;H,,O,N requires C=68'14; H=4°69; N=3°'46 per cent. 


4-Chloro-4-hydroxy-3 : 5 : 7-trimethoxy-2-m-p-dimethoxy phenyl- 
1:4-benzopyran, C.,H,,0,Cl. 


Two grams of quercetin pentamethyl ether were mixed with 
about half the volume of phosphorus pentachloride, and heated 
in a sealed tube at 145° for three hours. The contents of the tube 
became crimson and partly liquid. They were mixed with ether, 
and poured into ice and water. The ether was allowed to evaporate, 
and the insoluble matter was collected, dried, and extracted with 
benzene. The portion extracted by benzene was crystallised from 
alcohol, and obtained in white or cream-coloured needles 
(0°8 gram). This substance is only moderately soluble in alcohol, 
and melts at 220-—-222°, and appears to give oxonium salts: 

0°1052 gave 0°2277 CO, and 0°0456 H,O. C=59°03; H=4°81. 

0°2906 ,, 0°1035 AgCl. Cl=8°80. 

C,)H,,;07;Cl requires C=58°75; H=5°14; Cl=8°69 per cent. 

On boiling with hydriodic acid (D 1°7) it is converted into 
quercetin. Attempts to replace the chlorine atom by the action of 
dimethylaniline, aniline, alcoholic ammonia, tin, and hydrochloric 
acid, zinc dust, and acetic acid and potassium cyanide were not 
successful. 


3:5:7-Triethoxy-2-m-p-diethoxyphenyl-4-ethyl-1 : 4-benzopyran 
Anhydrohydriodide, Cy,Hs;O,I. 


1‘5 Grams (1 mol.) of quercetin pentamethyl ether were dissolved 
in dry ether, and to this solution was added Grignard’s reagent, 
prepared by dissolving 0°24 gram (3 mols.) of magnesium in 
1°6 grams (a little more than 3 mols.) of ethyl iodide in the presence 
of dry ether. A pale yellow precipitate was produced, and the 
reaction was completed by heating the mixture on a water-bath 
for four hours. The product was poured into dilute hydrochloric 
acid (1:20), when the pale yellow substance became crimson, the 
ether was evaporated, and the insoluble matter was collected, 
washed, and dried on a tile. It crystallised from alcohol in crimson 
needles, melting at 169°. The yield was 1°5 grams: 


0°1181 gave 0°2399 CO, and 0°0642 H,O. C=55°40; H=6°04. 
0°3050 ,, 01251 AgI. I=22°16. 
C,,H,,O,I requires C=55°66; H=6°01; I=21°82 per cent. 
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3:5:7-Trihydroxy-2-m-p-dihydroxy phenyl-4-ethyl-1 : 4-benzopyran 
Anhydrohydriodide, C,,H,;0,1,H,O: 


One gram of the above substance was boiled for two hours with 
20 c.c. of hydriodic acid (D 1°7) and 10 c.c. of acetic anhydride, 
and the mixture, after cooling, was poured into 60 c.c. of water 
and decolorised by the addition of a small amount of sodium 
hydrogen sulphite. The new substance was thus obtained in 
crimson, needle-shaped crystals, somewhat soluble in water. On 
the addition of a few drops of alkali either to the aqueous or the 
alcoholic solution a blue coloration is produced: 

0°1048 gave 0°1709 CO, and 0°0376 H,O. C=44'47; H=3°98. 

071992 ,, 0°1008 AgI. I=27°34. 

C,,H,,0,I requires C= 44°34; H=3°69; [=27°60 per cent. 

The colour-base was obtained as a dark violet solid, with a 
metallic-green reflex, by adding sodium acetate to the aqueous 
solution of the hydriodide. It dissolves in alcohol with a magenta 
colour, and dyes wool violet (on alum and chrome), crimson (on 
tin), and magenta when unmordanted. 


2-Hydrozy-3 :5 :7-irimethozy-1 :4-benzopyrone, 
C,H,0,(0-CH,),°OH. 


A solution of chromic acid (2 grams) in glacial acetic acid 
(10 c.c.) was gradually added to a well-cooled solution of nitro- 
quercetin pentamethyl ether (1 gram) in the same solvent (5 c.c.), 
and the mixture was allowed to remain overnight. On pouring into 
water, a colourless substance was precipitated, which crystallised 
in needles on boiling the mixture. It was recrystallised from 
alcohol, and melted at 155—156°: 

0°1135 gave 0°2402 CO, and 0°0481 H,O. C=57°'70; H=4:70. 

0°2151 ,, 06134 AgI. OMe=37°01. 

C,.H,.0, requires C=57'14; H=4'76; OMe=36'91 per cent. 

Monobromoquercetin pentamethyl ether sulphate, 

CH ,0,Br,H,SO,, 
was prepared by adding a few drops of sulphuric acid to a solution 
of monobromoquercetin pentamethyl ether in glacial acetic acid. 
It was obtained in bright yellow, needle-shaped crystals, which 
could be dried in the steam-oven without decomposition. A weighed 
quantity was decomposed by boiling water, and the acid liberated 
was determined by titration of the filtrate: 

0°5041 required 18°6 c.c. V/10-H,SO,. H,SO,=18°07. 

C9H90;Br,H,SO, requires H,SO,=17°85 per cent. 
The hydrochloride, C.yH,,0;Br,HCl, was similarly obtained in 
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bright yellow, needle-shaped crystals, and was dried in a vacuum 
desiccator over soda-lime: 


0°2161 required 4°3 c.c. V/10-HCl. HCl=7°26. 
C,»H,90,;Br,HCl requires HCl=7°48 per cent. 


Quercetin Pentamethyl Ether Dimethyl Sulphate, 
Cap Ha, 07,(CHs),80j. 


In the preparation of quercetin pentamethyl ether already 
described (loc. cit.) the mixture obtained by rubbing the dry 
potassium salt of quercetin trimethyl ether with methyl sulphate 
was first washed with ether to remove excess of methyl sulphate. 
On several occasions it was noticed that the ethereal solution 
deposited bright yellow, needle-shaped crystals as it spontaneously 
evaporated. This substance appears to consist of an oxonium 
compound of the above composition, for on boiling with water the 
colour disappears; an oil possessing the odour of methyl sulphate 
is produced, and, on cooling, the solution gradually deposits 
quercetin pentamethyl ether: 


0°2334 gave 0°1147 BaSO,. S=6°74. 
Cop H907,(CH3),S8O, requires S= 6°42 per cent. 


CHEMICAL LABORATORY, Dacca COLLEGE, 
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XLIV.—Condensation of Ketones with Phenols. Part I. 
Condensation with a- Naphthol.* 


By Hemenpra Kumar Sen-Gupta. 


THE condensation of ketones with phenols has already been investi- 
gated in some cases (Wittenberg, J. pr. Chem., 1882, [ii], 26, 76; 
Dianin, J. Russ. Phys. Chem. Soc., 1891, 23, 488; Fabinyi and 
Széki, Ber., 1905, 38, 2307; Zincke and Gaebel, Annalen, 1912, 
388, 299), but no special study appears to have been made with 
reference to the influence exerted by substituents in the phenols 
on this type of condensation ; further, the position of the linking 
of the carbonyl carbon with the phenols, particularly naphthols, 
has not yet been ascertained. The idea of elucidating the latter 
point led to the present investigation, and it was hoped that by 


* For abstract, see P., 1913, 29, 29. 
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oxidising the condensation products obtained from ketones and 
a-naphthol 


R , R C,,H 
(R>co +2C,,H,"OH = A ee + 2,0), 


naphthaxanthones of known constitution could be prepared, which 
would, therefore, settle the question in view. Instead, however, of 
yielding a naphthaxanthone, the oxidation of the anhydrides of 
1:1-dihydroxydinaphthyldialkylmethanes gave rise to two series 
of coloured, crystalline substances (P., 1913, 29, 382). The work 
directly bearing on the constitution of these being still in progress, 
and as final conclusions must depend on cumulative evidence based 
on a large number of experiments, it is proposed to describe in the 
following pages some new condensation products of a-naphthol 
with ketones that have come to be studied in this connexion. 

The only case of condensation of a-naphthol with a ketone that 
has hitherto been described, is that with acetone. Dianin (Joc cit.) 
employed fuming hydrochloric acid (D 1°19) as the condensing 
agent, but in course of the present investigation it has been found 
that phosphoryl! chloride serves the purpose decidedly better. The 
yield is substantially improved, whilst the duration of the experi- 
ment is very much shortened, and the reaction can be conducted 
in an open vessel. The condensation products are obtained in the 
form of anhydrides, having the general formula 


R C,,H, 
Cc 0 6 >0, 
R> <o° n> 
except in the case of cyclohexanone, which, in addition to the 


usual type of compound, yields one having probably the constitu- 
tion *; 


oH, <CH: Ont C: ‘CoH, 


CH,°CH, 
v0 


CH ‘<on CHC 0,,H, 


(compare Zincke and Gaebel, ie cit., p. 300). The production of 


* Schmidlin and Lang (Ber., 1910, 438, 2806) incidentally describe the 
preparation of a compound, C,,H..0, which they obtained by the action of concen- 
trated sulphuric acid on a mixture of a-naphthol and cyclohexanone, and to which 


owls \ 
they attribute the constitution C, KG Po: Their compound has nearly the 
H, 
Cio 


same melting point (232°) as that of the shee e substance (Joc. cit.), but that it has 
not the constitution assigned by them will appear from their analysis: ‘‘ 0°1183 gave 
CO,=0°2636 ; H,O=0°0769 ; C=83°82 ; H=7-'22 percent.” The correct numbers 
for C.g,H,0, however, are C=89°15 ; H=6 28 per cent. It should be noted here 
that although they found the carbon about 2 per cent. lower than what is required 
by the compound C,,H;,0,, the percentage of hydrogen obtained by them is in 
agreement, 
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this evidently points to the intermediate formation of chlorohydrins 
in this type of reaction. 

The readiness with which this condensation takes place depends, 
in the first place, on the molecular weight of the ketones generally 
—the smaller the molecular weight, the more casily is the con- 
densation brought about. Exception, however, is met with in 
the case of fluorenone, which condenses with a-naphthol as readily 
as does acetone, although benzophenone gives a yield of 7 per 
cent. only. Secondly, the nature of the carbon atoms in direct 
union with the carbonyl group seems to influence the condensation. 
Thus it is found that tertiary carbon atoms greatly inhibit it, as 
is seen in the typical case of camphorquinone, which condenses 
fairly readily with two molecules of phenol, cresol, or catechol 
(compare P., 1913, 29, 155), whereas under the same conditions 
of experiment camphor itself does not undergo condensation. This 
is probably due, as stated above, to the tertiary carbon atom in 
direct linking with the carbonyl group of camphor, which, although 
present in camphorquinone, is there associated with another car- 
bonyl group in direct union with a secondary carbon atom. 


EXPERIMENTAL. 
The Anhydride of B-1:1-Dihydroxydinaphthylpropane, 
CH C,,H 
cH <0 n° 

A mixture of 28°8 grams of a-naphthol, 5°8 grams of acetone, 
and 2—3 c.c. of phosphoryl chloride was heated at 100° for five 
minutes, when a brisk action occurred, at the end of which the 
liquid set to a crystalline mass. To ensure complete reaction 
about 1 c.c. of acetone was further added, and the flask heated 
another five minutes. The crystalline mass was digested with 
alcohol, which dissolved out any unchanged a-naphthol and decom- 
posed the unchanged phosphoryl chloride, leaving the condensation 
product in a white, crystalline state. The yield at this stage 
amounts to about 65 per cent. of the theoretical, and, on recrystal- 
lisation from alcohol, about 58 per cent. By Dianin’s method, 
using fuming hydrochloric acid as the condensing reagent, the 
yield scarcely exceeds 50 per cent. The substance crystallises in 
lustrous, quadratic plates, melting at 186° (as stated by Dianin). 
It is sparingly soluble in alcohol, readily so in acetone, chloroform, 
carbon disulphide, pyridine, or benzene. (Found, C=89°4; 
H=5'86. Cale. C=89°03; H=5°8 per cent.) 

The picrate, prepared in benzene solution, crystallises in dark 
red prisms, melting at 164—165°, It is soluble in most solvents; 
almost insoluble in ether ; 
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0°2500 gave 17°4 c.c. N, at 18°5° and 744 mm. N=7°88. 
Cy3H30,C,H,0;N, requires N=7°79 per cent. 

The dichloro-derivative, OH CNG eGo was prepared by 
saturating with dry chlorine a solution of the anhydride in carbon 
tetrachloride. The solid residue left after expelling the solvent 
was crystallised twice from pyridine diluted with a few drops of 
water. It is very sparingly soluble in alcohol, readily so in carbon 
disulphide, chloroform, pyridine or acetone, and melts at 262°: 

0°2264 gave 0°1680 AgCl. Cl=18°32. 

C.3H,,0Cl], requires Cl=18°73 per cent. 

The dibromo-derivative was prepared by adding the requisite 
quantity of bromine dissolved in carbon disulphide to the anhydride 
also dissolved in the same solvent. When the evolution of hydrogen 
bromide ceased, the carbon disulphide was expelled, and the residue 
crystallised from pyridine diluted with a few drops of water. It 
is sparingly soluble in alcohol or acetic acid, but readily so in 
acetone, carbon disulphide or pyridine. It crystallises in rhombic 
prisms, melting at 287-—289°: 

0°3374 gave 0°2675 AgBr. Br=33°73. 

C,;3H,,OBr, requires Br=34'1 per cent. 


The Mononitro- derivative, CSc Cel (NO) So. — Three 
3 U;oH, 


grams of the anhydride were suspended in about 50 c.c. of glacial 
acetic acid, and the temperature kept below 5°; 3 c.c. of fuming 
nitric acid were next added drop by drop with constant shaking ; 
towards the latter part of the addition of nitric acid, most of 
the nitro-compound separated from the solution. After allowing 
the mixture to remain at the ordinary temperature for about a 
quarter of an hour, the yellow precipitate was collected, washed 
several times with alcohol or water, and crystallised from boiling 
glacial acetic acid, from which it separates in long, yellow needles, 
melting at 225°. It is sparingly soluble in almost all solvents, 
but dissolves readily in hot nitrobenzene or pyridine. It can be 
further brominated or chlorinated, whilst the dinitro-derivative 
described below cannot be further brominated at the ordinary 
temperature: 

0°2615 gave 9°25 c.c. N, at 16°8° and 746 mm. N=4'l. 

Cy3H,;,0,N requires N=3'94 per cent. 

The Dinitro-derivative-—One part of the anhydride was dissolved 
in 12 parts of glacial acetic acid by boiling. The solution was 
allowed to cool to 80—-90°, and 8 parts of fuming nitric acid were 
added. The mixture was allowed to remain at 100° for about an 
hour, and then poured into water. The dinitro-derivative separ- 


KETONES WITH PHENOLS. PART I. 403 


ated in an almost theoretical yield. When crystallised from hot 
nitrobenzene, it is obtained in golden-yellow, prismatic needles, 
which remain unmelted at 327°. It is sparingly soluble in the 
ordinary solvents, more readily so in boiling acetone, carbon 
disulphide or pyridine: 

0°2758 gave 16°4 c.c. N, at 20° and 763 mm. N=6°84. 
C.3H,;,0;N, requires N=7°0 per cent. 


The Anhydride . B-1:1-Dihydroxydinaphthylbutane, 
SCN. 
C,H, J19H 


Three grams of methyl ethyl ketone and 14°4 grams of a-naphthol 
were heated with 2 c.c. of phosphoryl chloride in an open flask for 
about half an hour, when the contents solidified to a crystalline 
mass. If, however, the phosphoryl chloride is added in excess, the 
mass is usually pasty, but, on boiling with alcohol, a white, crystal- 
line residue is left behind which is almost pure. On crystallisation 
from glacial acetic acid, the compound separates in lustrous, 
rhombic or prismatic plates, melting at 154—155°. The yield is 
about 65 per cent. The solubility of the compound is analogous 
to its previous homologue: 

0°1168 gave 0°3803 CO, and 0°:0639 H,O. C=8887; H=6:07. 

0°6839, in 10°1244 naphthalene, gave At= —1°452°. M.W.= 

330°3. 
C.,H)O0 requires C=88°88; H=6°17 per cent. M.W.=324. 

The dichloro-derivative prepared by direct chlorination crystal- 
lises from pyridine, diluted with a few drops of water, in small, 
colourless needles, melting at 221°: 

0°1664 gave 0°1244 AgCl. Cl=18°49. 

C,,H,,0Cl, requires Cl=18'06 per cent. 

The ditbromo-derivative crystallises from pyridine in plates, 
melting at 250°: 

0°1802 gave 0°1420 AgBr. Br=33°5. 

C,,H,,0Br, requires Br=33°2 per cent. 

The dinitro-derivative crystallises from glacial acetic acid in 
golden-yellow, prismatic needles, melting at 262—265°: 

0°1986 gave 12°0 c.c. N, at 18° and 742 mm. N=6'93. 

C,,H,,0;N, requires N=6°76 per cent. 

The mcrate is very soluble in benzene, and crystallises in red 

needles, melting at 142—143°. 
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The Anhydride of y-1:1-Dihydroxydinaphthylpentane, 
CoH nC io HI, 
eee 


4°3 Grams of diethyl ketone and 14°4 grams of a-naphthol were 
dissolved in 35 c.c. of glacial acetic acid, and fuming hydrochloric 
acid was added until the precipitation of a-naphthol just began. 
The bottle was heated for about 6 hours at 100°, when crystals 
began to appear. The heating was continued for two hours more, 
and the product was crystallised as usual from glacial acetic acid, 
from which it was obtained in colourless plates, melting at 
166—167°. The yield is about 30 per cent. of the theoretical. 
The alternative preparation by the use of 2—3 c.c. of phosphoryl 
chloride takes about an hour, with a yield amounting to about 
55 per cent. : 

0°1261 gave 0°4116 CO, and 0°0736 H,O, C=8889; H=6°48. 

C,;H.O0 requires C=88°75; H=6'58 per cent. 

The dibromo-derivative crystallises in plates, melting at 258°: 

0°3140 gave 0°2333 AgBr. Br=31°6. 

C,;HOBr, requires Br=32°22 per cent. 

The dichloro-derivative crystallises in prisms, melting at 
238—239° : 

0°3072 gave 0°2136 AgCl. Cl=17'19. 

C,;H,,OCI, requires Cl=17°44 per cent. 

The dinitro-derivative crystallises from glacial acetic acid or hot 
nitrobenzene in golden-yellow, prismatic needles, becoming dis- 
coloured at 290°, sintering at 298°, and decomposing and melting 
at 301—302°: 

0°1590 gave 9°5 c.c. N, at 23° and 769°2 mm. N=6°85. 

C,;H 0;N, requires N=6'55 per cent. 


The Anhydride of B-1:1-Dihydroxydinaphthylpentane, 
CH, C,H 
ou CS eg O. 


6 


This compound was prepared by using hydrochloric acid as the 
condensing reagent, the yield amounting to 40 per cent. of the 
theoretical. The alternative preparation with phosphoryl chloride 
gave a yield of 62 per cent. It crystallises in plates, melting at 
162—163°: 

0°1041 gave 0°3374 CO, and 0°0596 H,O. C=8838; H=6°34. 

C,;H.,O requires C=88°75 ; H=6'58 per cent. 
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The dichloro-derivative melting at 178—179° was obtained in 
colourless, rhombic plates: 


0°3134 gave 0°2146 AgCl. Cl=17°03. 
Co5;H,OCl, requires Cl=17°44 per cent. 
The dibromo-derivative melts at 196°: 


0°1566 gave 0°1175 AgBr. Br=31'93. 
C,;H»OBr, requires Br=32°22 per cent. 


The dinitro-derivative crystallises from hot nitrobenzene in 
yellow, prismatic needles, melting at 260—263°: 


0°4321 gave 24 c.c. N, at 23° and 768 mm. N=6°32. 
Cy5H0;N, requires N=6°55 per cent. 


The Anhydride of B-1:1-Dihydroxydinaphthyloctane, 
CH, C,,H 
C< 79,90. 
Olly Sou? 


64 Grams of methyl hexyl ketone and 14°4 grams of a-naphthol 
were heated with 2 c.c. of phosphoryl chloride at 100° for one-half 
to three-quarters of an hour. The resulting paste was boiled with 
small portions of alcohol to remove any unchanged a-naphthol, and 
the residue was boiled with about 30 parts of alcohol and the 


solution allowed to cool gradually. As the solution cools, a gummy 
deposit is observed on the sides of the beaker, when’ the solution is 
carefully decanted into another dry beaker. After several minutes, 
if the sides of the second beaker are found coated with any gummy 
deposit, the solution is decanted into a third, and so on, until the 
first appearance of a crystalline solid is noticed. On allowing the 
solution now to remain for two to three hours, pure crystals can 
be collected, melting at 96—97°, which after recrystallisation from 
glacial acetic acid or alcohol, melt at 99°, appearing in well-defined 
prisms. The yield scarcely exceeds 25 per cent. of the theoretical. 
The substance is markedly more soluble in alcohol or acetic acid 
than its homologues: 

0°1039 gave 0°3386 CO, and 0°0690 H,O. C=8889; H=7°37. 

C,H requires C=88°42; H=7°36 per cent. 
The dichloro-derivative melts at 162°: 
0°2078 gave 0°1354 AgCl. Cl=16°12. 
CygH.,0Cl, requires Cl=15°81 per cent. 

The dibromo-derivative melts at 193° and crystallises in rhombic 

plates : 


0°1720 gave 0°1231 AgBr. Br=30°46. 
C,,H,,O0Br, requires Br=30°88 per cent. 


3 
. 
j 
H 
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The dinitro-derivative crystallises in golden-yellow, prismatic 
needles, melting at 228-—229°: 
0°2160 gave 11°8 c.c. Ny, at 18°5° and 754 mm. N=6°28. 
Cy3H.0;N, requires N=5°95 per cent. 


The Anhydride of a-1:1-Dihydroxydinaphthylethylbenzene, 
CH C,,H 
Phoe<og!70. 


Four grams of acetophenone and 9 grams of a-naphthol were 
dissolved in about 4 c.c. of glacial acetic acid, and the liquid was 
saturated with dry hydrogen chloride in the cold. The mixture 
was then heated in a stoppered bottle for six hours at 100°, when 
crystals began to appear, and the contents of the bottle soon solidi- 
fied. On recrystallisation from glacial acetic acid, the substance is 
obtained in rhombic plates, melting at 167°. The yield amounts to 
about 47 per cent. of the theoretical; using phosphoryl! chloride as 
the condensing reagent, it rose on one occasion to 60 per cent. : 

0°1001 gave 0°3324 CO, and 0°05 H,O. C=90°8; H=5'54. 

CogHoO requires C=90°32; H=5°38 per cent. 

The dibromo-derivative melts at 279—280°: 

0°1897 gave 0°1296 AgBr. Br=29°6. 

C,,H,,OBr, requires Br= 30°18 per cent. 

The dichloro-derivative crystallises in white needles, melting at 
242°: 

0°1407 gave 0°0919 AgCl. Cl=16°15. 

C.,H,,0Cl, requires Cl=16°1 per cent. 

The dinitro-derivative becomes red above 250°, and melts at 
308—309° : 

0°1457 gave 8°0 c.c. N, at 18° and 765 mm. N=6'3. 

C,,H,,0;N,. requires N=6°05 per cent. 


“ 


The Anhydride of Diphenyl-1 :1-dihydroxydinaphthylmethane, 


Ph C,,H.~ 
PLO CN HO. 

The condensation between benzophenone and a-naphthol could 
not be appreciably brought about in glacial acetic acid solution 
by means of hydrochloric acid, even after heating two days at 100°. 
With phosphoryl chloride, however, although the condensation 
product is easily obtained pure, the yield is only 7 per cent. of that 
required by theory. 

Four grams of benzophenone anc 6°3 grams of a-naphthol were 
melted together on the water-bath, and 1—1} c.c. of phosphoryl 
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chloride added. Any excess of the condensing reagent must be 
avoided, or complicated products, difficult to purify, are produced. 
After heating for two hours, a dark-coloured, viscid mass is 
obtained, which is treated with alcohol to remove the unchanged 
a-naphthol and benzophenone, leaving about 0°7 gram of the 
condensation product. It is best crystallised from a hot solution 
in pyridine diluted with a few drops of water, when snow-white 
needles are obtained, melting at 274—-275° (compare Clough, T., 
1906, 89, 771) (Found, C=91'°09; H=5°15. Cale, C=91°2; 
H=5'07 per cent.). It is very sparingly soluble in boiling alcohol 
or acetic acid, but fairly so in benzene, chloroform, or acetone. 

The dichloro-derivative crystallises from pyridine in plates 
melting at 302—303°: 

0°1884 gave 0°1090 AgCl. Cl=14°37. 

C33HoOC1, requires Cl=14°11 per cent. 

The dibromo-derivative sinters at abeut 309° and melts at 
311—312°: 

0°2012 gave 0°1255 AgBr. Br=26°55. 
C.,H,OBr, requires Br= 27°02 per cent. 


The Anhydride of Diphenylene-1 :1-dihydroxydinaphthylmethane, 
6H, Cros : 
Boon ‘ies 

Two grams of the ketone and 3°2 grams of a-naphthol were heated 
with 1 c.c. of phosphoryl chloride for about eight minutes at 100°, 
when the liquid set to a mass of crystals. The product was washed 
with hot alcohol, when the condensation product was left behind 
as a colourless, crystalline mass. The yield at this stage amounted 
to 34 grams, corresponding with 70 per cent. of the theoretical. 
When crystallised from pyridine, it was obtained in colourless, 
prismatic needles, melting at 290°: 

0°1164 gave 0°3910 CO, and 0°0495 H,O. C=91:49; H=4: 72, 

0°3354, in 10°6283 naphthalene, gave At= —0° 560°. M.W.= 

400°1. 
Cy3H oO requires C=91°66; H=4'63 per cent. M.W.=432. 

The dimtro-derivative crystallises from hot nitrobenzene in 
golden-yellow, prismatic needles, which remain unmelted at 340°: 

0°3751 gave 15°8 c.c. N, at 20° and 763 mm. N=5'16. 
Cy3H,,0;N, requires N=5°36 per cent. 


Condensation of cycloHexanone with a-Naphthol. 


Cyclic ketones also condense readily with a-naphthol, although 
secondary reactions seem considerably to diminish the yield (Ber., 
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1896, 29, 1595), in the presence of fuming hydrochloric acid or 
other such condensing reagents. The purification of the condensa- 
tion product is therefore often attended with some difficulty. 
cycloHexanone itself gives two products with a-naphthol, namely, 


(1) the normal product, CH <oy? toe >o< nO. and (2) a 


compound probably having a constitution soneenented by the 
formula: 


CH,:CH ; 
CHy< oH? ‘CHO CiH, 
0 


CH,CH,,|__ 
CH, SCH’. ‘CH: > CH, 


the mechanism of the ecnailiat of which has already been discussed 
(loc. cit.). 

In order to obtain the latter compound, 3 grams of cyclohexanone 
and 9 grams of a-naphthol were dissolved in about 25 c.c. of glacial 
acetic acid, and 15—18 c.c. of fuming hydrochloric acid added. 
The clear solution soon became turbid .on heating at 100°, and” 
minute drops of oil began to separate. The heating was continued 
for about one and a-half hours with frequent shaking, when the 
oil set almost completely to a crystalline cake. This was treated 
with boiling alcohol, when a snow-white, crystalline mass, weighing 
about 24 grams, remained behind. It is best crystallised from a 
saturated solution in boiling glacial acetic acid, in which it is 
sparingly soluble. On allowing to cool gradually, small, colourless, 
rectangular plates melting at 236° are obtained: 

0°1103 gave 0°3454 CO, and 0°0708 H,O. C=85°4; H=7:12.* 

0°2144, in 10°72 naphthalene, gave At= —0°336°. M.W.=422°7. 

Cy.H3.0, requires C=85°71; H=7'14 per cent. M.W.=448. 

A mononitro-derivative is obtained by suspending the anhydride 
in glacial acetic acid, heating to 80°, and adding a slight excess of 
fuming nitric acid. The suspended solid dissolves, and on cooling, 
small, yellow, prismatic needles appear, melting at 266—267°: 

0°2175 gave 5°5 c.c. Ny at 20° and 762 mm. N=2°93. 

Cy.H;,0,N requires N=2°84 per cent. 


x Neitpann tat nial atiaanelhewadibans it 
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The Anhydride of 1: ghee iain 
OpHe<g 19>. 


If instead of heating the mixture - cattails and a-naphthol 
in an open vessel, as in the previous case, the same proportions 
are heated in a sealed tube for eight to ten hours at 100—105°, a 


* A second analysis gave C=85'99 ; H=7°15. 
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viscid, black oil is obtained. This is washed once with cold alcohol, 
and once or twice with small portions of hot alcohol, which removes 
a great part of the impurities, leaving the condensation product 
in the form of a brown paste. This is dissolved in a small quantity 
of ethyl acetate, and left for a day or two, when dark-coloured, 
prismatic needles appear. These are collected and washed with a 
minimum quantity of light petroleum, which leaves the crystals 
much brighter. On crystallising twice from a hot solution in 
pyridine, diluted with alcohol, colourless, thin prisms or needles 
are obtained, melting at 146°. In a subsequent preparation, the 
solution of the brown paste in ethyl acetate was sown with a few 
crystals from the first crop, when the condensation product separ- 
ated in the course of a few hours. The yield is extremely poor. 
From 3 grams of cyclohexanone about 0°3 gram of the condensation 
product was obtained: 

0°1089 gave 0°3570 CO, and 0°0612 H,O. C=89°39; H=6°24. 

0°1464, in 7°4984 naphthalene, gave At¢= —0°390°. M.W.=355°4. 

~ CogHo90 requires C=89°15; H=6'28 per cent. M.W.=350. 


Condensation of 1-Methylcyclohexan-3-one with a-Naphthol, 


Two grams of 1-methylcyclohexan-3-one and 4 grams of a-naphthol 


were heated with 1 c.c. of phosphoryl chloride for two hours in a 
stoppered bottle at 100°. The paste so obtained was boiled several 
times with fresh portions of alcohol, until it set into a solid. It 
was then repeatedly crystallised from small portions of acetone 
until it melted at 164—165°: 

0°1394 gave 0°4531 CO, and 0°0826 H,O. C=88°66; H=6°59. 

C.,7H yO requires C=89°01; H=6°59 per cent. 

It is markedly more soluble in glacial acetic acid than the other 
members of the series. 

The dinitro-derivative melts at 282°: 

0°1355 gave 7°45 c.c. N, at 20° and 759 mm. N=6°25. 

C,H ,0;N, requires N=6°16 per cent. 

Further investigation regarding the oxidation and hydrolysis of 

the products described above is in progress. 


I take this opportunity of expressing my thanks to Drs. M. A. 
Whiteley and M. O. Forster for their kind encouragement in this 
work, 


Roya CoLLEGE oF SCIENCE, 
S. Kensinoron, S, W. 
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XLV.—Acylation as Influenced by Steric Hindrance: 
the Action of Acid Anhydrides on 3: 5-Dinitro-p- 
aminophenol. 


By Rapwart MeEtpota and WitttamM Francis HOoLvety. 


In compounds of the type of tsopicramic acid (I) the “ protection ” 
of the hydroxy] is so effective that methylation by methyl sulphate 
and alkali completely fails to attack this group, the amino-group 
alone being attacked, with the final formation of those quinone- 
ammonium derivatives which have been described in a series of 
papers formerly communicated to, and published by, the Society : 


The isomeric 3:5-dinitro-paminophenol (II above: Reverdin, 
Arch. Sci phys. nat., 1904, [iv], 18, 342; 1905, 19, 353) shows an 
equally “ protected” amino-group, so that methylating agents in 
this case fail to attack this group. The corresponding dinitro- 
anisidine can be readily prepared by the action of methyl iodide on 
the silver salt of the monoacetyl derivative and hydrolysis of the 
product (Meldola and Stephens, T., 1905, 87, 1206), but the 
methylation of the amino-group cannot be effected by methyl 
sulphate alone, whilst alkaline methylating agents are inapplicable 
on account of the tendency of the free alkali to cause complete 
decomposition with removal of a nitro-group. In these circumstances 
it became of interest to study the influence of configuration on the 
introduction of acid radicles, it being well known that under 
ordinary conditions unprotected: amino-groups are much more 
readily acylated than similarly unprotected hydroxyl groups. Thus 
tsopicramic acid quite readily gives a monoacetyl derivative (acetyl- 
amino-compound) when boiled for a few minutes in acetic acid 
solution with acetic anhydride. The hydroxyl in this compound is 
only attacked when the monoacetyl derivative is dissolved in 
undiluted acetic anhydride mixed with a little concentrated 
sulphuric acid. From this point of view, the action of acetic 
anhydride on 3:5-dinitro-p-aminophenol has been studied under 


* This formula is assigned to the free compound; in solution it may have a 
quinonoid structure (Meldola and Hewitt, T., 1913, 108, 880). 
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various conditions, and with results which appear of importance 
from several unexpected points of view. 

In the first experiments the inertness of the compound towards 
acetic anhydride was revealed by the fact that acetylation in acetic 
anhydride at 100° only takes place after heating for several hours. 
Under these conditions the product proved to be mainly the known 
diacetyl derivative. The same diacetyl derivative is formed imme- 
diately on dissolving the dinitro-compound in acetic anhydride with 
the addition of sulphuric acid. From this diacetyl derivative the 
known monoacetyl derivative (m. p. 182—183°) can be most readily 
prepared by dissolving the diacetyl compound as rapidly as possible 
in cold dilute sodium hydroxide and precipitating by acid. The 
phenolic character of the product indicates that the O-acetyl is 
removed by the alkali. These first experiments resulted, therefore, 
simply in the production of the diacetyl derivative, and from the 
latter the V-monoacetyl derivative by quite normal methods. 


Acetylation in Acetic Acid Solution. 


In order to modify the action of the acetic anhydride, the latter 
was diluted with glacial acetic acid, and the experiments continued 
with this mixture. Under these conditions it was found that a 
non-phenolic substance was formed, the further investigation of 
which showed that the compound was isomeric with the known 
monoacetyl derivative. After many experiments the following 
method was found the most effective for the preparation of the 
new compound: 

The dinitroaminophenol is dissolved in a small quantity of hot 
glacial acetic acid, and two to three times the theoretical quantity 
of acetic anhydride necessary for the introduction of one acetyl 
group added to the solution. The latter is then boiled for half-an- 
hour, and when cold poured into water so as to precipitate the 
product. If the heating is prolonged beyond the time specified, the 
yield is diminished ; three or four hours’ boiling appears to destroy 
the compound completely. The crude product is collected, washed, 
and purified by first washing with a little dilute alkali, then with 
water, and finally crystallising from alcohol or acetic acid. The 
pure compound crystallises in flat needles or scales of a golden- 
yellow colour; the melting point is 185—186°. A mixture of the 
substance with the isomeric monoacetyl derivative (m. p. 182—183°) 
melted at 151—156°: 

0°1026 gave 0°1500 CO, and 0°0282 H,O. C=39°87; H=3°05. 

0°1090 ,, 0°1588 CO, ,, 0°0284 H,O. C=39'73; H=2°89. 

00898 ,, 13°7.c.c. Ny (moist) at 21° and 762°8 mm. N=17°43. 

C,H,0,N, requires C=39°82; H=2°93; N=17°43 per cent. 
EE 2 
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These results leave no doubt as to the isomerism between the two 
acetyl derivatives, 


3 :5-Dinitro-O-acetyl-p-aminophenol. 


In discussing formule for the new compound, its properties as 
compared with those of its isomeride had to be considered. The 
N-acetyl derivative when pure crystallises in nearly white needles, 
extremely soluble in alcohol, and distinctly phenolic in character. 
The new compound is fairly stable towards alkali, and not very 
readily soluble in alcohol. It is very stable under the influence of 
heat, and can be partly sublimed without decomposition when 
heated in a dry tube. The most striking visible difference between 
the isomerides is the intense yellow colour of the new compound. 
The chemical properties of the latter are at first sight quite in 
harmony with the view that it is the O-acetyl derivative: 


On further acetylation with acetic anhydride in presence of a 
little sulphuric acid it gives the known diacetyl derivative identical 
with that obtained by the direct acetylation of the dinitro-com- 
pound. When hydrolysed by sulphuric acid it gives 3:5-dinitro-p 
aminophenol; it imparts a transitory violet colour to an alkali 
hydroxide solution, this colour being due to the dinitro-ccompound 
liberated by hydrolysis. The free dinitrocompound has the same 
property, the transient violet colour being due to the alkaline salt 
which is at first formed, but decomposes in presence of excess of 
alkali. Boiling with sodium carbonate solution also effects hydro- 
lysis, and the violet solution of the sodium salt on acidification 
gives 3:5-dinitro-p-aminophenol. Attempts to methylate the amino- 
group by methyl sulphate under various conditions gave negative 
results. The compound dissolves much more freely in methyl 
sulphate than the isomeric N-acetyl derivative, but the solution 
after being kept at 100° for an hour was found to contain only the 
original dinitroaminophenol, the methyl sulphate acting simply as 
a hydrolysing agent. 

These properties all point to the conclusion that the new com- 
pound is the expected O-acetyl derivative; nevertheless, its colour 
and the extreme readiness with which it is formed seem to indicate 
that the simple formula given above does not adequately represent 
the whole of the ascertained facts. The acetylation of a true 
phenolic hydroxyl group by simply boiling for a short time with 


413 


ACYLATION AS INFLUENCED BY STERIC HINDRANCE, 


acetic anhydride diluted with acetic acid is, as already stated, most 
unusual. Moreover, such phenolic acetates, even when containing 
several nitro-groups, are never very highly coloured. The colour of 
the present compound suggested, therefore, that the amino-group 
was implicated, and the formule given below have been considered : 


0 OAc OAc 
(Yo, (or stoeeinking) xo ( CY 
or cross-i1n. Ing $e |e 
NO NO, NOX ANOH NO ANOX 
NH,Ac NH NH,” 
(I.) (II.) (IIL) 


Of these formule, I is disposed of by the fact that no evidence 
of interconvertibility of the isomerides has been observed; all 
attempts to convert the W-acetyl derivative into the isomeride and 
vice versa have led to negative results. Between II and III it is 
not so easy to decide, but the absence of acidic character and 
general analogy to similarly constituted nitroamino-compounds 
leads us to adopt the “inner salt’’ formula (III) as the most 
probable. 

It follows from these conclusions that the isomerides are of 
different types of benzenoid structure, the V-acetyl derivative being 
incapable of forming an “inner nitrolic salt” on account of the 
attachment of the acid radicle to the 4N-atom, whilst the O-acetyl 
derivative containing a nitro-group ortho to the 4NH,-group is 
capable of “inner salt” formation, with consequent orthoquinonoid 
structure. Specimens of the isomerides were kindly examined for 
us spectroscopically by Dr. J. T. Hewitt, by whom the accompany- 
ing curves representing the absorption spectra have been prepared. 
It will be seen* that the absorption spectrum of the O-acetyl 
compound is quite different in type from that of the N-acetyl 
derivative. 

We may add that in deciding in favour of the above formula 
(III) we have had also under consideration the results of certain 
experiments devised with the express object of getting evidence as 
to paraquinonoid structure (I) and nitrolic acid structure (II); 
thus the non-phenolic acetyl derivative is not profoundly affected 
by such reagents as hydroxylamine, hydrazine, or phenylhydrazine, 
all of which simply act as hydrolysing agents. An attempt to form 
a nitrolic salt by adding sodium ethoxide to the toluene solution 
of the compound also led to a negative result. The whole of the 
compound is precipitated by this means as a brown, amorphous 
substance, which is the same product as that which results from 
the decomposition of the original dinitro-compound by the same 
method. Sodium ethoxide does not, therefore, form a nitrolic salt, 
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but simply removes the O-acetyl; and then decomposes the dinitro- 
compound with the formation of the usual indefinite products. 
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The Colour of Nitroaminophenols and their Derivatives in 
Relation to their Constitution. 


This conclusion concerning the constitution of the O-acetyl deriv- 
ative warrants the extension of the same type of structure to the 
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—— Non-phenolic acetyl derivative in alcohol. 
- -—- Phenolic acetyl derivative in alcohol. 
», alcoholic KOH. 


original (unacetylated) compound, and, generally, to all the nitro- 
aminophenols and their derivatives which have been under investi- 
gation in our laboratory for many years. The condition essential 
for the production of highly-coloured compounds appears to be the 
ortho-position of a nitro-group with respect to an amino-group or a 
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substituted amino-group. The presence of additional nitro-groups 
in the nucleus has generally the effect of increasing the intensity 
of the colour. From this point of view 3: 5-dinitro-p-aminophenol 
would have the formula (I) *: 


OH OH 0-CH, 
con Cx: : NO,,an)NOg 
NOL NOX | “ENON we 
NH,-— NH ar NH, 
(L.) (II.) (III.) 
0-CH, OH 0-CH, 
oa (us Gy 
we ee 1 ™ a - i, 
Nu,—7 Nu,—-” NH,-—7 
(IV.) (V.) (VI.) 


The above compound is of a deep red colour, all analogously 
constituted compounds being more or less red and far more highly 
coloured than the mere presence of nitro- and amino-groups in the 
nucleus would account for unless some more profound change of 
structure is allowed; thus, zsopicramic acid, in which there is no 
nitro-group ortho to an amino-group, is very feebly coloured (in 
the free state) as compared with the above isomeride. On the 
other hand, 2:3-dinitro-paminophenol (II above) is red (Meldola 
and Hay, T., 1907, 91, 1482), and the corresponding 2: 3-dinitro- 
p-anisidine deep orange (Meldola and Eyre, T., 1902, 81, 990). 
2:6-Dinitroanisidine (III) is ochreous (Meldola and Stephens, T., 
1905, 87, 1204) and 3:5-dinitroanisidine (IV) deep red (ibid., 
p- 1206). 2:3:6-Trinitro-p-aminophenol (V) is also deep red 
(Meldola and Hay, T., 1909, 95, 1380), as is the corresponding 
trinitroanisidine (Meldola and Kuntzen, T., 1910, 97, 456). The 
isomeric 2:3 :5-trinitro-p-anisidine (VI above) is also red (Reverdin 
and de Luc, Arch. sci. phys. nat., 1909, [iv], 27, 383). A detailed 
comparative study of the absorption spectra will be necessary to 
complete the evidence from the optical side. So far as observations 
with these compounds have hitherto been carried out, it is instruc- 
tive to compare the curves representing the absorption spectra of 
2:3:5-trinitro-p-anisidine and of its acetyl derivative (in which 
no inner salt formation is possible) given in a former paper 
(Meldola and Hewitt., T., 1913, 108, 884) with those given in the 
present communication. 


* This structural formula may explain the inertness of the amino-group towards 
acylating agents, although ‘‘steric hindrance” must also be allowed for, since the 
5-nitro-group would act as a ‘‘ protecting” group. 
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Preparation of the O-Progpionyl Derivative. 


The extreme readiness with which the hydroxyl group of the 
dinitro-compound can be acetylated suggested the application of the 
foregoing method for the introduction of other acid radicles. It 
will no doubt be found possible to acylate the hydroxyl group of 
3:5-dinitro-paminophenol by means of the higher homologues of 
acetic anhydride generally. A preliminary experiment with pro- 
pionic anhydride diluted with propionic acid carried out in 
precisely the same way as with acetic anhydride showed that the 
O-propionyl derivative could be prepared with equal readiness. 
This compound has all the properties of its lower homologue; it 
crystallises from alcohol in flat, golden-yellow needles, melting at 
172—173°: 

0°1022 gave 0°1588 CO, and 0°0354 H,O. C=42°38; H=3°85. 

0°1274 ,, 185 c.c. N, (moist) at 23° and 760°5 mm. N=16°37. 

C,H,O,N; requires C=42°34; H=3°55; N=16°47 per cent. 

The compound is therefore 3:5-dinitro-O-propionyl-p-amino- 

phenol, 


Attempt to Prepare the O-Benzoyl Derivative. 


An attempt to introduce benzoyl by the same method led to an 
interesting result. The dinitro-compound was boiled as before with 
benzoic anhydride dissolved in glacial acetic acid. The product 
proved, however, to be the O-acetyl derivative previously described. 
In this case, therefore, the benzoic anhydride simply promotes the 
acetylation, or else the benzoyl derivative is first formed and then 
converted into the acetyl derivative by interchange of radicles.* 


Whether the protection of the amino-group by ortho-substituents 
is exerted equally by radicles other than the nitro-group yet remains 
to be investigated. The corresponding 3 : 5-dihaloid-p-aminophenols, 
so far as we have been able to ascertain, do not appear to be known, 
and their preparation will be attempted in order to throw further 
light on this question. 


Finspury TECHNICAL CoLtecER, E.C. 


* The dinitro-compound is not acetylated by boiling for many hours with acetic 
acid alone, 
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XLVIL.—Studies of the Constitution of Soap Solutions. 
The Electrical Conductivity of Potassium Salts of 
Fatty Acids.* 


By Hucxu Mitts Bunsury and Hersert Ernest MarrIn. 


THe present communication is a study of the conductivity of 
solutions of potassium salts of the saturated fatty acids, from 
stearic acid down to acetic acid. For most of these substances no 
data are in existence, and yet they present special points of 
interest. A number of these will be discussed in future communi- 
cations dealing with the boiling points and the degree of hydrolysis 
of soap solutions. 

The electrical conductivity of sodium soaps has already been 
shown to be unexpectedly great, and the conductivity curves are 
anomalous in that they pass through a minimum in JWV/5- to 
NV /10-solutions and a maximum in J- to NV/2-solutions. 

It might have been expected that the potassium salts (soft soaps) 
would have exhibited a different behaviour, since they are less 
viscous at room temperature, and more nearly resemble ordinary 
electrolytes. It will be seen in the sequel that the contrary is the 
case. 


EXPERIMENTAL. 
Preparation of Solutions of Pure Potassium Hydrozide. 


Potassium in the form of the commercial balls is thrown into 
ordinary ether in a wide-mouthed, loosely-stoppered bottle. The 
stormy effervescence serves to keep the potassium cool enough to 
avoid explosion, and at the same time its surface becomes clean 
and highly polished. These balls are now thrown into molten 
paraffin in a nickel crucible, where they unite, since their surfaces 
are clean. The large piece obtained is allowed to solidify, and 
removed just before the paraffin solidifies. After it has been 
thrown into clean ether and shaken, it is rapidly wiped with filter- 
paper and placed on nickel gauze above a nickel crucible in a 
desiccator containing alkaline water. To avoid explosion, the 
nickel gauze must be cleaned and thoroughly dried each time. At 
first the absorption of oxygen is more rapid than the evolution 
of hydrogen, and the potassium ultimately gets deeply covered 
with a slowly deliquescing layer of potassium hydroxide, so that 


* Previous communications from this laboratory: Ber., 1910, 43, 321; Zeitsch. 
physikal. Chem., 1911, 76, 179; T., 1911, 99, 191; 1912, 101, 2042; Trans. 
Faraday Soc., 1913, 9, 99; Kolloid-Zeitsch., 1913, 12, 256. 
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the desiccator and contents must be left undisturbed in a fire-proof 
room. 

To obtain pure hydroxide, the desiccator should be of the vacuum 
type, with ground-in glass stopper, and tap sealed to a U-tube 
half full of a concentrated solution of potassium or sodium hydr- 
oxide. It should be emphasised here that it has been found 
necessary to discard many months of work done in this laboratory 
where in dealing with solutions of alkali, acid, or soap the precau- 
tion had not been rigorously taken of quite thoroughly smearing 
with vaselin ali ground-in connexions and glass stoppers (rubber 
is worthless as a protection against carbon dioxide). 


Preparation of Soap Solutions. 


The solutions were made up in silver tubes, with the precautions 
described in previous papers, from Kahlbaum’s best acids,* and 
the calculated amounts of potassium hydroxide solution. The 
density of the potassium hydroxide solution was taken to be that 
given in Landolt-Boérnstein’s “Tabellen” (1913) at 15°.+ The 
concentrations are expressed in weight normalities (gram-molecules 
of salt per 1000 grams water), which is not affected by the large 
temperature interval involved. 


The time allowed for equilibrium to be attained varied from a 
few hours, in the case of the dilute solutions, to a day or two 
for the more concentrated solutions of the higher homologues. The 
silver tubes were then taken from the shaking machine (80°), 
opened, and the solution transferred whilst hot and homogeneous 
to a tube of Jena-glass into which was inserted the dipping 
electrode, also made of Jena-glass after the pattern already 


* Of these acids McBain and Taylor (loc. cit.) had shown that the conductivity 
was unaltered, in the case of the special palmitic acid, by further purification ; 
decoic and hexoic acids were synthetic acids, and the acetic acid has been shown to 
be very pure. Less weight can be laid on the values for the myristates, laurates, 
and octoates as these were only from Kahlbaum’s ordinary acids. 

+ In practice the following simple calculation gives the correct amount of water 
required to make the solutions exact within 0°1 per cent. in all cases. The weight 
(in air) of acid taken is divided by its molecular weight (which is diminished by 
0-11 per cent. in order to give the apparent weight in air) and is multiplied by 
1000 and divided by the weight-normality desired. This is the weight of water 
theoretically required, but it has to be corrected for two errors, both of which are 
proportional to the concentration, namely, the water introduced with the 
hydroxide solution and the amount of water formed by the union of the hydroxide 
and acid, the latter being 1°80 per cent. of the total water in a N-solution. For 
this purpose the number obtained is converted from grams to c.c., and from it is 
subtracted for potassium salts, 1°14 per cent. (for sodium salts, 2°04 per cent. 
multiplied by the weight-normality desired ; finally, this volume of water minus 
the volume of alkali used is added to the solution. 
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described. The cell constant is therefore found to be independent 
of the resistance of the solution, and there are other obvious 
advantages. The previous work of McBain, Cornish, and Bowden 
had shown that this use of Jena-glass would be permissible for 
these comparatively mobile and homogeneous solutions. The 
measurements were carried out at 90°00° (corr.). 

The conductivity data appear to be more accurate than those 
of McBain, Cornish, and Bowden (loc. cit.). Electrode XV was 
used throughout; it had a cell constant in glass of 4°070 (H. M. B.) 
and 4080 (H. E.M. eight months later). 

Duplicate determinations of the densities of W/2- and more 
concentrated solutions were made, agreeing within 0°06 per cent., 
using the special form of pyknometer (capacity about 10 c.c.) 
previously described. Previous work in this laboratory and else- 
where has shown that no error exceeding 0°1 per cent. is made 
if the densities of solutions of intermediate concentrations are 
obtained graphically by linear interpolation from the densities of 
the 0°5N-solutions and that of water (D{} 0°9653), using the concen- 
trations (not the dilutions) as abscisse. The densities obtained 
by interpolation are enclosed in brackets in the tables. 

In all the tables the first column gives the weight-normality ; 
the second the number of grams of potassium salt to 100 grams of 
water; the third the specific conductivities observed; the fourth 
the average specific conductivity; the fifth the density; and the 
last the equivalent conductivity at 90°. The equivalent conduc- 
tivity is derived by multiplying the weight of solution containing 
1000 grams of water by the specific conductivity, and dividing by 
the weight-normality and the density. In each case all the correc- 
tions previously enumerated have been applied. The duplicate 
determinations were carried out on entirely independent solutions, 


as usual. 


Potassium Palmitate. 


Particular attention was given to these solutions, since on the 
previous careful study of the possible sources of error in the 
investigation of the conductivity of soaps, using sodium palmitate 
(McBain and Taylor, 1911, loc. cit.), is based the validity of all 
the subsequent conductivity results. The 1°5N-solution proved too 
viscous for introduction into electrode XV, although the more 
dilute solutions, of which eight concentrations were studied, seem 
much more mobile than the corresponding sodium soaps. The 
following data were obtained at 90°00°: 
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Tare I. 
Conductivity of Potassium Palmitate (C,,) at 90°00°. 

L II. III. IV. Vv. VI. 
1:007-N 29°64 = 0-0933 0-9679 124-2 
0-754-N 22-19 oe 0-0763 0-9672 127-9 
0-5016-N 14-77 pen 0-05365 0-9668 127-0 
0-2003-N 5-896 —— 0-02028 (0-9659) 111-0 
0-1001-N — fe 0-01007 (0-9656) 107-0 
0-0500-N 1-472 caate 0-005270 (0-9654) 110-8 
0-02000-N 0-5888 gone 0-002556 (0-9654) 133-2 
0-01000-N 0-2944  0-001651 


0-001650 0-001651 (0-9653) 171-6 


The results given in table I are shown graphically in Figs. 1 and 
2, where the ordinates are equivalent conductivities and the 
abscisse the dilutions in litres. 

As in the case of the sodium palmitate, an anomalous conduc- 
tivity curve is produced. The greater apparent solubility of 
potassium soaps, and the fact that they do not, like sodium soaps, 
form gels with alcohol, might have pointed to a more normal 
behaviour as compared with the sodium soaps; the contrary is 
seen to be the case. 

The conductivity curve exhibits a maximum at 0°75N- and a 
minimum at 0°1NV-potassium palmitate. Sodium palmitate exhibits 
its maximum at 0°5N and its minimum at 0°2—0°1N; thus the 
position of the depression in the conductivity curve is the same 
for potassium palmitate as in the case of the four sodium soaps 
already described. The anomaly is accentuated in the case of 
the potassium salt as compared with sodium palmitate, for the 
difference between the maximum and minimum conductivities 
amounts to 20°9 mhos in the former case and to only 7°1 in the 
latter. 

The solutions from V/2 downwards are quite fluid and clear at 
90°, but the 1°0¥-solution was rather viscous, and it coagulated at 
60—70°. At room temperature the 0°01N- and 0°02N-solutions 
exhibit a large amount of fine, shiny sediment at the bottom of a 
nearly clear, slightly opalescent solution. The separation is much 
less complete in the case of the 0°05V-solution, where silky fibres or 
strie fill the liquid even on long keeping. With increase of 
concentration the viscosity rapidly increases, and the pearly appear- 
ance diminishes. A 0°5N-solution has the appearance of boiled 
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starch, but the 1°5N-solution is nearly colourless, and it is very 
viscous, scarcely flowing at room temperature, bubbles caught in 
it never rising to the surface. 

These descriptions should be compared with similar data in j 
previous papers and with those of Zsigmondy and Bachmann 
(Kolloid-Zeitsch., 1912, 11, 145). 
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Equivalent conductivities of potassium salts of fatty acids at 90°. 


Potassium Acetate. 


In order to have a standard of comparison, measurements were 
made of potassium acetate, which is always considered to be a 
typical electrolyte. Since this salt is very hygroscopic, the solutions i 
were made up from solutions of pure acetic acid and potassium 
hydroxide, as in the case of the soaps proper. The resulting 
solutions were neutral to litmus, and did not affect phenol- 
phthalein. The conductivity data are given in table II. 
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Equivalent conductivities of potassium salts of fatty acids at 90°. 


Conductivity of Potassium Acetate at 90°00°. 


II. 
9-812 


4-906 
1-962 
0-981 
0-4906 
0-0981 


III. 
0-1628 
0-1621 
0-09268 
0-09251 
0-04228 
0-04231 
0-02271 
0-02274 
0-01203 
0-01201 
0-002610 
0-002614 


IV. 
0-1625 
0-09260 
0:04230 
0-02273 
0-01202 
0-002612 


V. 
1-0090 


0-9868 
0-9740 
0-9697 
0-9675 
0-9657 


VI. 
176-9 
196-6 
221-2 
236-5 
249-5 
270-4 


In order to evaluate these data it is necessary to know the 
conductivity at infinite dilution at 90° of each of the ions con- 
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cerned. This was done by a consideration of the following data 
of Kohlrausch and of Noyes (Report of the Carnegie Institute of 
Washington, 1907, 68, 1): 

At 18°, KCl1=130°1; NaCl=109°0; NaC,H,0,=781; NaOH= 
2165; K°=64°7; Cl/=65°4; Na’=43°6; C,H,0,./=345; OH’= 
172°9; that is, the mobilities of the five ions named are as 

1: 1°011 : 0°674 : 0°533 : 2°673. 

At 100°, KC1=414; NaCl=362; NaC,H,0,=285; NaOH=594. 
If the fairly reasonable assumption be made that the potassium 
and chlorine ions have attained equal mobilities at this high 
temperature (the very pronounced tendency of all ions at high 
temperatures), then K*°=Cl/=207 at 100°, and Na’=155; 
C,H,0,/=130, and OH’=439; that is, the mobilities at 100° are 
as 1: 1 : 0°749 : 0°628 : 2°120. 

If the further assumption be now made that these ratios between 
the mobilities of the ions at infinite dilution change linearly with 
the temperature, the magnitude of the effect is small between 100° 
and 90°, being 2 per cent. for the acetate and 1 per cent. for the 
sodium ion, and even for the hydroxyl ion only 3 per cent; thus 
the mobilities of the ions K’, Cl’, Na’, C,H;0,/, OH’ become as 
1: 1°001 : 0°740 : 0°616 : 2°187 at 90°. 

Finally, if the value for potassium chloride at infinite dilution 
be interpolated graphically on the very flat curve obtained by 
plotting the values already cited together with KCl=321°5 at 75°, 
232°5 at 50°, and 152°1 at 25°, the conductivity of potassium 
chloride at infinite dilution is found to be 376°5 at 90° (compare 
Bohi, Diss., Ziirich, 1908, p. 37). From this we obtain the follow- 
ing final values for-90°: 


K:  =188 KCl —376 
CY =188 NaCl —327 

; NaC,H,O, =255 
Naw =139 KC,H,0, =304 
C,H,0,’ =116 NaOH  =550 
OH’ =4i1 KOH — 599 


Utilising these data, we are now in a position to calculate the 
degree of dissociation of the sodium acetate and hydroxide deter- 
minations of McBain and Taylor, as well as of the above solutions 
of fotassium acetate. This is done in table III. Data for a few 
intermediate concentrations have been obtained by interpolation 
on the graph of the molar conductivity plotted against the cube-root 
of the concentrations ; this graph deviates from a straight line only 
in the most concentrated solutions. 
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Tasie ITI. 
Electrolytic Dissociation at 90°. 
Potassium Sodium Sodium 
acetate. acetate.* hydroxide.* 
a. a. a 
b. Per cent. [Me Per cent. Me Per cent. 
2-0-N (153) 50-3 — — — — 
1-0-N 176-9 58-2 129-7 51-1 392-8 71-6 
0-75-N 183-9 60-5 138-6 54-6 — —- 
0-5-N 196-6 64-8 154-0 60-6 427-3 17-8 
0-2-N 221-2 72-8 178-9 70-4 458-4 83-5 
0-1-N 236-5 17-7 195-0 76-6 476-9 86-9 
0-05-N 249-5 82-1 207-8 81-7 491-1 89-5 
0-02-N 262-6 86-4 221-0 86-9 —_ _ 
0-01-N 270-4 89-0 228-0 89-6 514-3 93-7 
0 304-0 100-0 254-5 100-0 548-9 100-0 


* Measured at 89°75° ; volume-normality at 18°. 


The values obtained for sodium acetate fit in well with those 
determined by Noyes (/oc. cit.) at other temperatures. It will be 
noted that the dissociation of this sodium salt is very distinctly 
less than that usually found for binary univalent electrolytes, 
although according to Noyes the dissociation of ammonium and 
sodium acetate are the same. The results in table III will prove 
useful in estimating the significance of the data obtained for the 
various soap solutions. 


Other Potassium Salts. 


In view of the interesting character of the conductivity data for 
potassium palmitate, it appeared desirable to extend the measure- 
ments to the potassium salts of the other saturated fatty acids of 
even number of carbon atoms in the molecule, these being the 
only saturated fatty acids occurring in soaps. In each case the 
normal acid was the one investigated. The data are given in 
tables IV to IX. 


Tas.e LV. 
Conductivity of Potassium Stearate (Cig) at 90°00°. 

L II. IIL. IV. v. VI. 
1-007-N 32-46 0-08301 0-0830 (09637) 1134 
0-754-N 24-30 pen 0-06583 (0:9641) 1126 
0-5016-N 16-17 aaa 0-04739 0-9645 H3-9 
0-2003-N 6-468 pre 0-01814 (0-9648) 100-0 
0-1001-N 3-226 eoose7a «008980» (0-9652) «496-0 
0-05001-N 1-612 oooteeg -«0004834= (0-9652) 101-7 
0-02000-N 0-6460 _——— 0-002397  —_ (0-9653) 124-9 
0-01000-N 0-3224 Dooli2s «001421 = (09653) 147-7 
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At 90° 1:0N-potassium stearate is a clear, colourless liquid, but 
highly viscous—at room temperature the white paste resulting is 
scarcely more viscous; it will hardly pour under the influence of 
gravity. At 90° the 0°1N-potassium stearate is clear, but the 
0°05N-solution is distinctly cloudy, and the 0°02N- and 0°02/-solu- 
tions are faintly opalescent. 

At room temperatures the solutions from W/10 upwards are 
white pastes; the more dilute solutions are white and translucent, 
exhibiting very little shiny sediment, with the exception of the 
0'05N-solution, where the precipitate occupies about one-half of 
the volume. The silky appearance is not nearly so marked as in 
the case of the palmitates. 

In view of the fact that Kahlenberg and Schreiner (Zeitsch. 
physikal. Chem., 1898, 2'7, 552) have measured one concentration 
of potassium stearate solution at temperatures from 40° up to 
80°, and further that their data for sodium oleate are twice as 
great as those of Dennhardt (Diss., Erlangen, 1898), it is interest- 
ing to note that the data for their WV /4-stearate solution when 
extrapolated for 90° (105—106 mhos) agree with ours within a 
few per cent. 

TABLE V. 


Conductivity of Potassium Myristate (C\y) at 90°00°. 


L Il. Il. IV. V. VI. 
1-007-N 26-81 ty 0-1051 0-9718 136-2 
0-5016-N 13-36 oaaae 0-05801 0-9693 135-4 
0-2003-N 5-340 = 0-02405 (0-9669) 130-8 
0-1001- 2-665 Oolia, —«--01147 «ss: (0-9659) = «121-8 
0-0500-N 1-332 ooeetg «0006509 «= (09656) «136-6 
0-02000-N 0-5326 oe 0-003488 (0-9654) 181-6 
0-003486 
0-01000-N 0-2663 0-002151 


0-002168 0-002159 (0-9654) 224-3 


On comparing the values in table VI for potassium laurate with 
those of F. Goldschmidt (Zeitsch. Hlektrochem., 1912, 18, 386) for 
the potassium salt of the acids from palm kernel oil (“ chief consti- 
tuent potassium laurate’’*), his values are seen to vary somewhat 


* Oudemanns (J. pr. Chem., 1875, 11, 393) gives the following data for a palm 
kernel oil: oleic acid, 26°6 ; stearic, palmitic, and myristic, 33; lauric, decoic, 
octoic, and hexoic acids, 44°4 per cent. Lewkowitsch, however, in view of 
Valenta’s later data considered that lauric acid must be the chief constituent, and 
that the oleic acid could not exceed 10 to 20 per cent. 
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TaBLe VI. 
Conductivity of Potassium Laurate (C,,) at 90°00°. 


L IL. Il. IV. v. VI. 
apenead 4036 yh vens 0-1650 09835 123-5 
1-007-N 23-09 ere 0-1134 0-9761 143-2 
0-754-N 17-97 0-0888 0-0888 (0-9741) 1426 
anand — Hoe: 0-06360 0-9720 146-0 


> , “772 “02 
0-2003-N 4:77 pte oo 0-02668 (0-9680) 144.2 
0-1001-N 2-384 perpen 0-01509 (0-9666) 159-7 


0-0500-N 1-191 or oe35? ——0-009841 (0-9660) 195-6 


0-01000-N 0-2383 Ooooses §«—« 0002245 «= (0-9654) 283-0 


irregularly between those here obtained for potassium laurate and 
myristate. Some of his data are 137°3, 143°6, 141, 135, and 173°5 
for the 1°0, 0°74, 0°5, 0°2, and 0°05N-solutions respectively. His 
results for 0°74N- and 0°5N-solutions are relatively high, as our 
results show no such decided maximum. We have not yet 
measured mixtures of pure fatty acids. 


TaBLe VII. 
Conductivity of Potassium Decoate (Cy) at 90°00°. 


I. IL. III. IV. v. 
1-007-N 21-17 0-188 
He 0-1185 0-9827 
0-5016-N 10-54 ——0-06901 . 
oe ooy ~—SCt«tO06914 0-9749 
0-2003-N 4-211 — 0-03368 
Oossys «008370 =—«(0-9691) 
ones — fa 001902 (0 9672) 
0-0500-N 1-051 0-01014 = 01014 ~——(0-9663) 


0-01000-N 0-2103 0-002241 


Taare VIII. 
Conductivity of Potassium Octoate (Cg) at 90°00°. 


L. IL. III. IV. V. 
3:063-N 55°82 0°2165 0°2165 (1-027) 
1-007-N 18-34 tae 0-1251 0-9893 
0-5016-N 9-14 rates 0-07572 0-9784 
0-2003-N 3-746 a aaar: 0-03578 (0-9705) 
0-1001-N 1-823 aa 0-01952 (0-9679) 
0-0505-N 0-911 pnonnd 0-01061 (0-9666) 
0-01000-N 0-1822 ocaae ne 0-002309 (0-9656) 


* Determination by Miss Cornish. 
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TaBLE IX. 
Conductivity of Potassium Hexoate (Cy) at 90°00°. 

I. IL. 111. IV. V. VI. 
1-007-N 15-52 0-1300 0-1300 0-9974 149-5 
0-5016-N 7-74 oon 0-08122 0-9822 177-7 
0-2003-N 3-088 ent 0-03771 (0-9721) 201-2 
0-1001-N 1-543 aaa 0-02067 (0-9687) 216-5 
0-0500-N 0-771 eae 0-01093 (0-9670) 227-7 
0-01000-N 0-1542 OSs 0-002371 (0-9656) 245-9 


At 90° all the potassium soaps from the myristate downwards 
are clear liquids, below and including the 1‘0N-solutions. At room 
temperature, to which the following notes refer, these soaps exhibit 
none of the silky appearance characteristic of the palmitates (and 
to a less extent of the stearates). 

The 1°0N- to 0°05N-myristate solutions are clear liquids (the 
1‘0N-solution being oily) with steadily increasing amounts of flaky 
sediment, the 0°01N-solution containing most, and being also 
slightly opalescent. On long keeping large groups (2 cm.) of 
feathery crystals separate out from the 0°05/V-solution. 

1‘0N-Potassium laurate is clear except for a slight sediment. 
The 0°5N-solution contains much more of this flaky sediment, but 
there is also a large amount of amorphous turbidity at the top 
of the liquid, which is clear in the middle layer. The 0°2N-solution 
is similar with less sediment and less turbidity. The 0°1¥-solution 
has as much sediment as the 0°2/-solution, but there is only a 
very slight turbidity at the top. The 0°05N-solution has a slight 
sediment, is faintly opalescent, and shows no upper turbidity. 

With the decoates (C,,) the sediment is less than with the laurates 
(Cy), and it is at a maximum in the 0'1N-solution. The 
1‘0N-decoate solution is very slightly viscous, and has only a very 
slight sediment. Only in the 0°2, 0°1, and 0°05N-solutions is there 
a trace of the “upper turbidity”; the 0°01N-solution is almost 
clear, with a slight sediment. 

In the case of the octoates (C,) no surface turbidity is observed ; 
the maximum sediment is found in the 0°2N-solution, but there is 
only a trace of sediment in the 1‘0N-solution. The 0°05N-solution 
is somewhat opalescent, the 0°01N-solution only faintly so. 

With the hexoates (C,) the sediment is still less, being at a 
maximum in the 0'1N-solution; the 0°05N-solution is faintly 
opalescent. 

It was impossible to measure the conductivity of 1°5N-potassium 
FF 2 
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palmitate, 2°0N-myristate, and 3°0N-laurate at 90°, as they are— 
viscous jellies even at 100°, and conductivity electrodes could not 
be filled with solution free from air-gaps even through several 
hours’ work. At room temperatures the 2°0N-laurate and the 
3'0N-octoate solutions are oily liquids, with a distinct sediment; 
the 3°0N-solution, on the other hand, is a transparent jelly, 
preserving its form unaltered by the influence of gravity. 


Washing Power.* 


It is interesting and important to note the different washing 
powers of the various hard and soft soaps. The potassium myristate 
and laurate are ideal soaps (for washing the hands), and the palmi- 
tate is almost as good, but the stearate is much less so. Sodium 
myristate is good, but sodium palmitate and stearate are quite 
useless, feeling remarkably like greasy sawdust. 

Potassium hexoate (C,) is distinctly a soap in concentrated 
solution, although this at once disappears on dilution. Potassium 
octoate (C,) is still more distinctly a soap, but this again disappears 
on dilution. The decoate (C,9) is the first to raise a typical lather, 
although this has not much body. 


Discussion of the Results. 


In order to facilitate comparison, the conductivity results are 
summarised in table X. These molar conductivities are also shown 
graphically in Figs. 1 and 2, which should be compared with the 
corresponding graphs (T., 1912, 101, 2049) of previous data for 
the higher sodium salts. 


TaBLE X. 
Molar Conductivity of Potassium Soaps at 90°00°. 


Concentration ... 1-0 0-75 0-5 0-2 0-1 0-05 0-02 0-01 

112-6 113-9 100-0 96-0 101-7 124-9 147-7 
Palmitate, C,, -.- 2 127-9 127-0 111-0 107-0 110-8 133-2 171-6 
Myristate, C,, .. 2 — 135-4 130-8 121-8 136-6 181°6 224-3 
Laurate, C5 6 146-0 144-2 159-7 195-6 — 233-0 
Decoste, Go 156-3 180-9 200-6 211-9 — 239-4 
Octoate, C . 168-5 191-0 205-2 2192 — 239-5 
Hexoate, C, 1 177-7 201-2 216-5 297-7 — 246.9 
Acetate, C, 176-9 183-9 196-6 221-2 236-5 249-5 262-6 270-4 


It will be noticed at once how similar the behaviour of each 
of these salts is to that of the corresponding sodium salts as far as 
* These notes are certainly not intended to be taken as a general discussion of 
washing power, which is known to be a complicated property, some of the factors 


of which have received separate elucidation. On the contrary, the present remarks 
refer only to the conditions stated (warm tap water ; pure, not mixed acids, etc.). 
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these have been measured. All these soap solutions conduct excel- 
lently. The nature of the constituents which exhibit this high 
conductivity will be elucidated in two further experimental com- 
munications from this laboratory now completed and awaiting 
publication; almost all authors have ascribed this conductivity 
(erroneously as will be seen) to free alkali hydroxide. 

The close similarity between the corresponding sodium and 
potassium salts does not, however, amount to an identity, either in 
the position or form of the conductivity curves; as is seen, for 
example, in the following calculation: If the difference in the 
conductivity of the sodium and potassium soaps is essentially due 
to the difference in mobility of the sodium and potassium ion, this 
difference might be allowed for by adding to the conductivity values 
for sodium palmitate the excess in conductivity of potassium acetate 
over that of sodium acetate, taking the corresponding concentrations 
in each case. (It so happens that the difference between the con- 
ductivity of potassium and sodium acetates is constant, within the 
limits 41°2 and 42°6 mhos., over the whole range of concentration 
from 0°5NV to 0°01NV.) The values thus predicted for potassium 
palmitate from the conductivity of sodium palmitate, and the 
divergence between these calculated and the observed values are: 


Concentration ...... 1-0 0-5 0-2 0-1 0-05 0-01 
NaP+(KAc—NaAc) 131-9 132-1 124-7 124-0 130-3 180-1 
KP observed ......... 124-2 127-0 111-0 107-0 110-8 171-6 
Difference, theory 

—observed ......... 7-7 5-1 13-7 17-0 19-5 8-5 
Difference per cent. 6-2 4:0 12-4 15.9 17-6 4-9 


Potassium palmitate has thus an appreciably lower conductivity 
than that predicted in this manner from the values for sodium 
palmitate; the difference being greatest in the W/20-solution, 
where it amounts to over one-sixth of the total conductivity. 

Another mode of comparison, not at all necessarily more 
legitimate, is that to be shown graphically below (in Figs. 3 and 4), 
which is mathematically equivalent to adding to the values for 
sodium palmitate only that fraction of the difference between the 
two acetates which the conductivity of sodium palmitate itself 
bears to that of sodium acetate at the same concentration. 

A second proof that the potassium ion as such is not entirely 
responsible for the differences between the conductivity of the hard 
and soft soaps is to be found in the fact that the differences between 
the maximum and minimum conductivity values are much more 
marked in the case of the potassium soaps. This is seen with 
particular clearness in the case of the laurates, where the potassium 
salt exhibits a well-marked maximum and minimum conductivity, 
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whilst these are entirely absent from the curve for the sodium salt, 
which exhibits merely a “ step-out.” 

Considering the molar conductivity values for the various potass- 
ium salts as a whole (if the specific conductivities were considered, 
the relationships would be similar), it is seen from the graphs in 
Figs. 1 and 2, that in dilute solution, below V/20, the soaps fall 
into two groups, the stearate and the palmitate, on the one hand, 
and from the laurate to the hexoate (C,) on the other, with the 
myristate occupying an intermediate position. 

If solutions ranging between WV/5 and W/20 be considered, the 
intermediate member is the laurate, the myristate here resembling 
the higher soaps. In W/2-solutions, the grouping is entirely lost, 
for the conductivity values are almost equidistant from each other. 
In 1:0N-solutions, however, the conductivities of potassium hexoate, 
octoate, decoate, and laurate are nearly identical, whilst the values 
for myristate, palmitate, and stearate fall off regularly. 

It should be emphasised here that, in a sense, even the hexoates 
(C,) are soaps, for they precipitate quite appreciable amounts of 
sediment at room temperature (of course, not silica, for it is ob- 
served just as well in solutions freshly taken from the silver tubes 
in which all our solutions are prepared), and, as was seen, the 
amount of this sediment is at a maximum in 0°1¥-solution. 
Donnan and Potts (Kolloid-Zeitsch., 1910, 7, 208), on the basis of 
surface-tension experiments, concluded that sodium octoate (C,) 
was the lowest soap, although Donnan, using dilute solutions 
(Zeitsch. physikal. Chem., 1899, 31, 42), found that sodium laurate 
was the lowest member to give a great lowering of surface-tension. 
Krafft (Ber., 1896, 29, 1328), on the other hand, had found that 
the nonoate (C,), in very concentrated solution, was the first to 
give too high a molecular weight, whilst Mayer, Schaeffer, and 
Terroine (Compt. rend., 1908, 146, 484) state that the hexoate (C,) 
is the lowest member showing ultramicroscopic particles. 

The data available are still quite inadequate to decide whether 
a gradual transition takes place from crystalloid to colloid on 
change in concentration or change in the homologue, or whether, 
on the other hand, the transition may be completely accounted 
for on the hypothesis that true electrolytes co-exist with colloidal 
and electrolytic colloidal (in the narrow sense) constituents, and 
that these merely vary in relative amount. 

Perhaps the clearest insight into the complicated behaviour of 
these conductivity data may be obtained through a direct compari- 
son of all the other salts with the corresponding acetate. In this 
way the effect of change in degree of dissociation (and also the 
different influence of the two cations on the degree of dissociation), 
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which must be, to some extent, superimposed upon the other 
features, is approximately eliminated. The further communications 
already referred to will bring more justification for this mode of 
comparison, although owing to the difference in mobility of the 
various ions concerned a relative method (involving a ratio) such 
as this can never be quite exact. An attempt will be made to 
complete this comparison by measurement of the concentrations of 
the potassium and sodium ions by a direct method. 

If the conductivity of potassium acetate be taken for the sake 
of comparison to be unity at all concentrations, the conductivities 
of the potassium soaps may be expressed as fractions of this 
standard, Similarly, the conductivity of the sodium soaps so far 
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measured in this laboratory (loc. cit.) may be compared with that 
of sodium acetate of the same concentration taken as unity. The 
results of this comparison are best seen graphically in Figs. 3 and 
4, where the conductivities relative to the corresponding acetate 
are plotted against the dilution in litres. 

The effect on the appearance of the conductivity curves is really 
striking, and the graphs in Figs. 1 and 2 permanently lose much 
of their appearance of irregularity.* 

The similarity in magnitude and form between the values for 
the corresponding potassium and sodium salts is appreciably 


* The 10N-sodium stearate and the 0°1N-potassium decoate now appear as if 
a redetermination ought to give slightly lower values, although there is no other 
reason to suspect the accuracy of these particular solutions. 


432 BUNBURY AND MARTIN: 


enhanced by this mode of comparison, although there is definitely 
no identity in any case. The results for the potassium soaps now 
lie a little higher than the curves for the corresponding sodium 
salts. The general remarks concerning the grouping of the results 
still hold, but the regularities are much more distinct. 

Thus the curves, except for the hexoate (C,) and octoate (C,), 
all exhibit minima. These minima are regularly graduated in 
position and depth. The minimum for sodium stearate is at V/20, 
for potassium stearate between V/20 and W/10; for sodium palmi- 
tate between WV/20 and W/10, for potassium palmitate at V/20; 
for the myristates V/10 in both cases; for the laurates V/5 in both 
cases; for potassium decoate (C,)) at V/2. The most concentrated 
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solutions of the lower homologues were not measured, so that it 
is not certain whether, for example, the decided dip of the curve 
for 1‘0N-potassium hexoate (C,) leads to a minimum or not.* 

It was expected that the value for the 2°0N-potassium laurate 
(Cy) would be much higher, but it is, if anything, just less than 
the value for the 1‘0N-solution. In the graphs for the sodium soaps 
the 1°5N-solutions are included in each case, with a very marked 
effect on the appearance of the curves (compare, for example, 
sodium and potassium palmitates);. the 1°5N-solutions have not 
been measured in the case of any potassium salt. 

If the hexoate had been taken as a standard of comparison in 

* The insertion, in the proof of this paper, of the low value of the ratio for 
3°0N-potassium octoate (C,), 0°79, practically excludes this possibility. The value 


for 2°0N-potassium Taurate (Cj,) is 0°81. Thus the relative conductivity of all the 
lower members rapidly falls off in concentrated solution. 
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place of the acetate, owing to the hexoate curve being horizontal 
between W/2 and W/100, the results would have been uniformly 
increased by 0°10, except in the most concentrated solutions, where 
the values would have been still further increased. 

Reference must here be made to the able arguments advanced 
by F. Goldschmidt (Zeitsch. Elektrochem., 1912, 18, 394) in favour 
of the view that the conductivity data are not wholly distorted by 
the effects of the very considerable viscosities here met with in 
some of the solutions. 

It is indeed increasingly evident that one of the ultimate results 
of the study of colloidal electrolytes will be to throw new light on 
some of the problems of the dissociation theory, both in aqueous 
and in non-aqueous solutions. Physical chemists were formerly 
quite clear on the point that they did not know how to allow for 
the effects of viscosity on the quantitative interpretation of conduc- 
tivity data, for this question has not so far received adequate 
experimental treatment. In the last few years, however, it has 
become customary to correct all conductivity data for the ratio of 
the viscosity of the solution compared with that of the solvent, or 
with some power of this ratio, this being based on consideration of 
Stokes’s law, the temperature-coefficient of conductivity at infinite 
dilution, or the effect of change of solvent on the conductivity at 
infinite dilution, or a few meagre data on the effect of an added 
non-electrolyte on conductivity. This arbitrary procedure is but a 
make-shift until the effect of viscosity on diffusion has been experi- 
mentally elucidated, and even its empirical basis appears inade- 
quate until phenomena such as are met with here have been 
reconciled with it. 

Densities. 


The densities observed promise to afford some help towards the 
elucidation of the soap problem. The results are collected in table 
XI, and for convenience of comparison they are referred to 
water of the same temperature as unity; each result is, of course, 
the mean of several determinations differing by a few units in the 
fourth decimal place. 


TaBLeE XI. 
Densities Di, of Potassium Salts. 
Concentration ..........+ coe §=20-N. 1:0-N O°5-N. Aj. Ages As. 
Stearate, Cy, ssssessssseeees — — 09999 — 0006 — 
Palmitate, Oyg ......seseseees — 10029 1-0016 0-0038 0-0050 0-003 
Myristate, C,, ........s.se00e _ 1-0067 1-0041 0-0045 0-0056 0-9015 
EMMPEED, Dens coccscccececees 1-:0189 1-0112 1-0069 0-0068 0-0066 0-0026 
Deaeeata, Cy ceccccesccscece — 1-0180 1-0102 0-0069 0-0068 0-0024 
Ootonte, CO, — cccccceccccccce 1-0249 1-0136 0-0084 0-0078  0-0023 
Hexoate, C, — ....seseccsceee 1-0333 1-0175 0-0065 000-74 0-0017 


Butyrate, Cy s...sesssseeeee — 1-0398 1-0212 0-0055 000-18  0-0026 
SEES dnnhonputctacians —  1-0453 10223 — — —0-0007 
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The density values are analysed in the last three columns of 
table XI; Aj.) is the amount which has to be added to the density 
of a 1‘0N-solution in order to bring it up to the value for the next 
lower homologue, 2A)., is the corresponding difference for the 
0°5N-solutions, but doubled in order to compare them directly 
with Aj.); and finally, A, is the difference between the density pre- 
dicted for the 1°0N-solution from that of the 0°5N-solution if the 
usual rule for electrolytes were obeyed, that the divergence of the 
density of the solution from that of water is directly proportional 
to the concentration. It will be noted that all the salts between 
the acetate and the palmitate (for which it holds) depart decidedly 
from this rule, for the density rises very much less rapidly than 
proportional to the concentration. Thus the excess of density of 
2°0NV-potassium laurate over that of water is only two-thirds of that 
predicted from the 0°5/N-solution. 

The effects are very regular and gradual, as may be seen from the 
table, or still better from a graph. When plotted against the 
position in the homologous series, the densities give quite smooth 
curves (not straight lines), provided that the acetate is put into 
the place of the butyrate, the latter being omitted. In other words, 
there is a point of inflexion or a decided break in the curve between 
hexoate (C,) and acetate (C,). Thus again the hexoate betrays its 
relatedness to the higher soaps. 

The densities of the solutions of the corresponding sodium salts, 
as far as our data extend, lie on similar curves from 0°0060 to 
0°0070 units (for 1°0N and half that for 0°54) below those in 
table XI, and, in this respect, again illustrate the parallel be- 
haviour of the potassium and sodium soaps.* 

Potassium and sodium stearates and sodium palmitate are 
examples of the rare case that the density of a solution may be less 
than that of either constituent (compare A. L. Hyde, J. Amer. 
Chem. Soc., 1912, 34, 1507). 


Summary. 


(1) The conductivities of the potassium salts (soft soaps) of the 
saturated fatty acids of even number of carbon atoms from the 
stearate down to the acetate have been measured at 90° by the 
somewhat laborious method previously described by McBain and 
Taylor. 


* The density of 1°0N-sodium myristate appears to be about 0°15 per cent. too 
high, and the molar conductivity previously published should be increased by this 
amount; similarly, the 1°5N-sodium myristate should be corrected by about 
0°34 per cent., whilst the conductivities from the 0°5N-solution downwards remain 
exactly as they stand. 
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(2) The conductivities of the potassium soaps are higher than 
those of the corresponding sodium soaps, but there is a general 
resemblance between the form and. position of corresponding 
curves. Closer comparison shows an even greater tendency towards 
abnormality on the part of the potassium salts, this not being due 
to the potassium ion as such, well-developed maxima and minima 
in the conductivity curves being exhibited from the stearate as 
far down as the laurate (C,,). 

(3) The appearance, washing power, density, and conductivity 
curve of potassium hexoate (C,) distinctly mark the beginning of 
that deviation from the behaviour of the acetate, which rapidly 
and regularly increases through the other members of the homo- 
logous series until it attains the typical character of the higher 
soaps. 

(4) In all cases where it is directly visible the depression in the 
conductivity curve occurs in the same region of concentration, 
independent of the nature of the acid or alkali taken. Further 
investigation might, however, show that the real abnormality is 
shifted in the case of the lowest homologues to regions of higher 


concentration. 


In conclusion, we desire to express our thanks to the Research 
Fund Committee of the Chemical Society, and especially to the 
Colston Society of the University of Bristol, for grants towards 
the purchase of materials and apparatus. 

Our thanks are due to Dr. James W. McBain, at whose sugges- 
tion this work was undertaken, for his constant interest and advice. 
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XLVIJ.—Non-aromatic Diazonium Salts. Part III 
3: 5-Dimethylpyrazole-4-diazonium Salts and their 
Azo-deriatives. 
By Giipert T. Morean and Josepu ReEILty. 


In an earlier communication (T., 1913, 103, 808) it was shown 
that the diazotisation of 4-amino-1-pheny]-2 :3-dimethylpyrazolone 
(4-aminoantipyrine) hydrochloride leads to the production of a 
diazonium chloride comparable with the diazonium salts of benz- 
enoid and naphthalenoid amines. The investigation has now been 
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extended to the simpler case of 4-amino-3:5-dimethylpyrazole, a 
base containing no aromatic substituent. Diazotisation with 
alkali or alkyl nitrites in -aqueous or alcoholic hydrochloric acid 
gives rise to a remarkably stable, colourless diazonium chloride, 
crystallising with great facility, and permanent under ordinary 
atmospheric conditions. 

In connexion with the relationship, which undoubtedly exists, 
between the unsaturated character of a cyclic system and its pro- 
perty of giving rise to diazotisable primary amines, it is noteworthy 
that although 4-amino-3:5-dimethylpyrazole behaves as a diacidic 
base, yielding a dihydrochloride (formula I), yet the product of 
diazotisation, in the presence of excess of acid, separates with only 
one equivalent of the chlorine anion. There are evidently two 
salt-forming centres in the parent base, but in 3:5-dimethylpyraz- 
ole-4-diazonium chloride (formula IT) one of these centres has been 
strengthened at the expense of the other, the residual affinity of 
which is probably involved in the production of the diazonium 
complex. 

NH-C(CH,) TH | . NH°C(CH;) 
[oon oNE 2HCl -> N—=C(CH,) SC:N,°Cl. 
(I.) (IL) 

The remarkable stability of this diazonium salt may be due to 
the circumstance that the residual affinity of the pyrazole ring, 
as indicated by its two double linkings and the higher valencies 
of the two cyclic nitrogen atoms, is rather more than sufficient to 
saturate the residual affinity of the diazonium complex. ' 

The aurichloride (III) and platinichloride (IV) indicate a similar 
degree of salt-forming power for the diazonium base. 


NH-C(CH,) ] b= C(CH,). 
poten, SON, |AuCl, t=c(on > o™ |, PtCl, 
(III. ) (IV.) 

The replacement of the diazonium complex by an azide radicle 
destroys the stronger salt-forming group, with the result that the 
weaker salt-forming centre again becomes operative as manifested 
by the fact that the product, 4-triazo-3:5-dimethylpyrazole (V), 
is a basic substance dissolving readily in dilute acids. 

NH-C(CH,)— 
N=o(ceH)>O™<H 
(V.) 

In spite of its simpler structure and the absence of any aromatic 
substituent, 3 :5-dimethylpyrazole-4-diazonium chloride is distinctly 
more stable than antipyrine-4-diazonium chloride; its coupling 
power with phenols, aromatic amines, and f-diketones is not im- 
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mediately destroyed by solutions of alkali carbonates, hydroxides, 
cyanides, and thiocyanates, nor is it decomposed by warming with 
dilute hydriodic acid (T., loc. cit.). 

Striking differences are noticeable between the mixed azo-deriv- 
atives containing the pyrazole ring and those containing the anti- 
pyrine nucleus. Antipyrine-4-azo-8-naphthylamine and its mono- 
alkyl derivative yield dark purple salts with dilute mineral or 
organic acids, and this property is retained even when the naphtha- 
lene nucleus is sulphonated (T., 1913, 103, 1501) or when the 
amino-radicle is replaced by hydroxyl as in antipyrine-4-azo-B- 
naphthol. The formation of these intensely coloured salts must be 
due either to the phenyl substituent or to the carbonyl group of 
the antipyrine nucleus, for no marked colour change is produced 
on adding aqueous mineral acids to 3:5-dimethylpyrazole-4-azo-B- 
naphthylamine (V1): 


4-Amino-3 :5-dimethylpyrazole has the remarkable property of 
developing characteristic colorations with the phenols in alkaline 
solution; the reaction is one of oxidation, progressing slowly in 
presence of air, and more rapidly on adding a small amount of 
hydrogen peroxide. The development of colour takes place, how- 
ever, immediately, and much more intensely when this base is 
replaced by 4-triazo-3:5-dimethylpyrazole. A fragment of the 
latter substance added to a very dilute alkaline solution of phenol 
produces an intense purplish-blue coloration. The relationship 
between the nature of the phenol and the coloration is indicated 
in the following synopsis: 

Phenol, its homologues and derivatives: blue to bluish-purple 
shades. 
Metadihydric phenols, resorcinol, etc.: lilac shades. 
a-Naphthol and its derivatives: purple shades. 
B-Naphthol and its derivatives: green shades. 


EXPERIMENTAL. 


Dimethylpyrazole (1 mol.) prepared from acetylacetone and 
hydrazine sulphate by Rosengarten’s method (Annalen, 1894, 279, 
237) was added slowly to fuming nitric acid (1°4 mols., D 1°49), 
cooled by ice to moderate the ensuing vigorous reaction, after 
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which the solution was warmed for two hours on the water-bath. 
The colourless product, 4-nitro-3:5-dimethylpyrazole, obtained by 
pouring the nitration on to ice, was washed with cold water, in 
which it was sparingly soluble, and dried in a vacuum desiccator 
over solid potassium hydroxide. When crystallised from hot water, 
the nitro-compound melted at 126°, and was identical with the 
substance (m. p. 124—126°) obtained by Wolff on oxidising 
4-nitroso-3 :5-dimethylpyrazole (Annalen, 1902, 325, 193). 
4-A mino-3 : 5-dimethylpyrazole. 

The foregoing nitro-compound (10 grams) dissolved in 12 c.c. of 
water and 40 c.c. of concentrated hydrochloric acid was reduced 
with 15 grams of tin gradually added at the ordinary temperature ; 
the solution was cooled at first, then heated for two hours at 100°, 
afterwards diluted considerably with water, and the tin precipitated 
as sulphide. The filtrate, when concentrated considerably, yielded 
yellowish-white, well-defined prismatic crystals of 4-amino-3 :5-di- 
methylpyrazole dihydrochloride. This salt, which was extremely 
soluble in water, dissolved fairly readily in methyl alcohol, spar- 
ingly in ethyl alcohol, and was practically insoluble in the non- 
hydroxylic solvents. 

The crystals from methyl alcohol were distinctly yellow, but 
showed no change in crystalline form or chlorine content (second 
estimation below), and gave the same benzoyl derivative as the 
snow-white product obtained by recrystallisation from water: 

0°2257 gave 45°2 c.c. Ng at 22° and 765 mm. N=23°13. 

0°3496 ,, 0°5440 AgCl. Cl=38°51. 

C;H,N3,2HCl requires N = 22°85; Cl=38°55 per cent. 
4-Amino-3 : 5-dimethylpyrazole, liberated from its dihydrochloride 
by aqueous sodium hydroxide, was freely soluble in water, alcohol, 
and ether; its acetyl derivative and platinichloride also dissolved 
readily in water. 


4-Benzoylamino-3 : 5-dimethyl pyrazole, 


NH-CMe 
k—oMe > CO NH-COPh. 
This acyl derivative, which was insoluble in water, was prepared 
from the preceding hydrochloride by the Schotten-Baumann 
reaction ; it dissolved readily in methyl or ethyl alcohol, and more 
sparingly in ethyl acetate, ether, and benzene. It separated from 
alcohol in lath-shaped crystals, melting and decomposing at 
290—292°: 
0°1309 gave 22°0 c.c. N, at 18°5° and 765°5 mm. N=19°72. 
C,,H,;,0N; requires N=19°54 per cent. 


NON-AROMATIC DIAZONIUM SALTS. PART III. 439 


3 :5-Dimethylpyrazole-4-diazonium Chloride (Formula ITI). 


To 4-amino-3:5-dimethylpyrazole dihydrochloride, concentrated 
hydrochloric acid (1 mol.), alcohol (5 parts), and sufficient water to 
bring the salt into solution was added freshly prepared ethyl] nitrite 
(14 mols.), and the liquid concentrated at the ordinary temperature 
in a vacuum desiccator. Lustrous, colourless, transparent, acicular 
prisms of the diazonium chloride separated, the crystals being 
frequently more than an inch in length: 

0°1811 gave 55°0 c.c. N, at 18°5° and 760°5 mm. N=35°39. 

0°2780 ,, 0°2508 AgCl. Cl=22°32. 

C;H,N,Cl requires N=35°34 ; Cl=22°38 per cent. 

3:5-Dimethylpyrazole-4-diazonium chloride was quite stable 
under the ordinary atmospheric conditions. At 150—160° it began 
to decompose, showing red patches, and exploded feebly at 175°, 
but the residue had not completely melted at 200°. This salt was 
extremely soluble in water, fairly so in methyl or ethyl alcohol; it 
dissolved sparingly in ethyl acetate or chloroform, but not in ether 
or benzene. 

The diazonium chloride coupled readily with phenols and 
aromatic amines. With phenol and dimethylaniline it gave yellow 
azo-derivatives, and red, soluble azo-dyes with f§-naphthol-6-sul- 
phonic acid, B-naphthol-3 : 6-disulphonic acid, and a-naphthol4-sul- 
phonic acid. The coupling power of this diazo-derivative was 
retained after treatment with alkali carbonates, hydroxides, 
cyanides, and thiocyanates under conditions which determined the 
immediate decomposition of the antipyrine-4-diazonium salts. 
3:5-Dimethylpyrazole-4-diazonium chloride coupled readily with 
acetylacetone, benzoylacetone, and ethyl acetoacetate, giving bulky, 
yellow precipitates with those 8-diketo-derivatives containing the 
—CO-CH,°CO-— group with two mobile hydrogen atoms. With 
acetylmethylacetone, which contains only one reactive hydrogen 
atom, there was no appreciable condensation until after a solution 
of the diazonium salt and the B-diketone had been warmed for one 
hour on the water-bath. 


3:5-Dimethylpyrazole-4-diazonium Aurichloride (Formula III). 


Preliminary experiments having shown that this double salt was 
only sparingly soluble in water, 4-amino-3:5-dimethylpyrazole 
dihydrochloride was diazotised with sodium nitrite in dilute hydro- 
chloric acid, and the colourless solution mixed with aqueous sodium 
aurichloride, when a quantitative precipitation of the diazonium 
aurichloride was obtained, the compound separating in well-defined, 


440 _MORGAN AND REILLY: 


golden-yellow, rectangular plates, melting and decomposing at 
90-—95° : 

0°2875 gave 29°4 c.c. N, at 17° and 762 mm. N=11°99. 

0°2282 ,, 02773 AgCl. Cl=30°07. 

0°2142 ,, 0°0909 Au. Au=42°44. 

C;H,N,Cl,AuCl, requires N=12°12; Cl=30°70; Au=42°68 
per cent. 

The aurichloride, which was sparingly soluble in ether or alcohol, 
gave a red precipitate with aqueous sodium hydroxide. The 
diazonium complex remained unchanged in the double salt for 
several months, for subsequently, after removing the gold as 
sulphide, the filtrate gave a copious, red precipitate with alkaline 
8-naphthol. 


3:5-Dimethylpyrazole-4-diazonium Platinichloride. 


As this double salt was somewhat soluble in water, but dissolved 
only sparingly in alcohol, it was prepared by diazotising 4-amino- 
3:5-dimethylpyrazole dihydrochloride with ethyl nitrite in aquo- 
alcoholic solution, any excess of this reagent being removed by 
evaporation in a vacuum desiccator. The concentrated solution 
was added to chloroplatinic acid dissolved in alcohol, when the 
diazonium platinichloride separated in yellow, prismatic needles, 
which were washed with alcohol and dried at the ordinary tem- 
perature: 

0°1495 gave 21°0 c.c. N, at 17° and 754 mm. N=16°35. 

0°1570 ,, 0°2077 AgCl. Cl=32°74. 

0°2362 ,, 0°0708 Pt. Pt=29°97. 

(C;H;N,Cl),PtCl, requires N=17'13; Cl=32°55; 
Pt=29°83 per cent. 

The platinichloride decomposed at 226—228° with a brisk evolu- 
tion of gas, the residue swelling up into a very voluminous ash. 
Four concordant analyses of the nitrogen in this double salt showed 
that there was a marked tendency for the substance to lose 
nitrogen, the oldest specimen giving the lowest result (15°54). 


3 :5-Dimethyl pyrazole-4-azo-B-naphthol, 
C;N,H,"N,°C,)H,OH. 

This azo-derivative, which was obtained in almost quantitative 
yield from any of the foregoing diazonium salts, was insoluble in 
water, but gave a turbid solution with strong aqueous solutions of 
the alkali hydroxides. It was very soluble in chloroform or glacial 
acetic acid, and fairly so in the alcohols, ethyl acetate, and the 
other volatile organic solvents, excepting light petroleum or dilute 
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acetic acid. From ethyl alcohol it separated in bright red, hair-like 
crystals, darkening at 250° and melting and decomposing at 
251—252°: 

0°1549 gave 27°9 cc. N, at 19° and 760° mm. N=20°96. 

C,;H,,ON, requires N=21°05 per cent. 

Concentrated sulphuric acid dissolved the compound to a cherry- 
red solution, but concentrated hydrochloric acid had no appreciable 
action. In this respect the azo-B-naphthol differed from the corre- 
sponding azo-derivative of antipyrinediazonium chloride (T., 1913, 
loc. cit.). 


3: 5-Dimethylpyrazole-4-azo-B-naphthylamine (Formula V1). 


An aqueous solution of 3:5-dimethylpyrazole-4-diazonium chlor- 
ide, treated with carbamide to remove excess of nitrous acid, was 
added to B-naphthylamine (1 mol.) dissolved in alcohol. The mixed 
solution gradually darkened, and a bright orange-red precipitate 
was produced on adding sodium acetate. The product was very 
soluble in pyridine or glacial acetic acid, less so in benzene or 
alcohol, and sparingly soluble in ether, chloroform, or light petrol- 
eum. It separated from alcohol in light orange-yellow crystals, 
showing rhombohedral outlines, and melting at 255—257°, with 
brisk evolution of gas: 

0°1565 gave 35°5 c.c. N, at 19° and 765 mm. N=26°54. 

C,;H,;N,; requires N=26°41 per cent. 

Concentrated sulphuric acid dissolved this azo-derivative to a 
cherry-red solution, but concentrated hydrochloric acid produced 
no appreciable change. In this respect, 3 :5-dimethylpyrazole-4-azo- 
B-naphthylamine is remarkably unlike the azo-8-naphthylamine 
compounds containing the antipyridinediazo-complex which gave 
rise to a series of stable, dark purple salts with the stronger acids 
(T., 1913, loc. cit.). 


4-Triazo-3 :5-dimethylpyrazole (Formula V). 


The addition of sodium azide (1 mol.) to an acid solution of 
3 :5-dimethylpyrazole-4-diazonium chloride led to a brisk evolution 
of nitrogen, but owing to the basic nature of 4-triazo-3 :5-dimethyl- 
pyrazole there was no permanent precipitation of this substance 
until the mineral acid present was neutralised with sodium carbon- 
ate or excess of sodium azide, when the solution became almost 
solid from the separation of the triazo-derivative. The colourless 
precipitate was collected rapidly, washed with cold water, dried at 
the ordinary temperature, dissolved in benzene, and the solution 
mixed with light petroleum (b. p. 60—80°). Lustrous, colourless 
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flakes-with rhombohedral outline separated on concentration. This 
substance reddened at 75°, and melted sharply at 81° to a cherry- 
red, frothing liquid: 

0°0531 gave 23 c.c. N, at 16° and 763 mm. N=51°20. 

C;H,N, requires N=51°10 per cent. 

Concentrated sulphuric acid decomposed the triazo-derivative 
explosively, evolving fumes and leaving a tarry residue; the 
products had an odour of acetamide. Diluted sulphuric acid 
(50 per cent.) produced a less violent reaction without tar, and 
on gently warming with 30 per cent. acid, two-thirds of the azidic 
nitrogen were evolved quantitatively : 

0°0905 gave 15°9 c.c. N, at 20° and 763 mm. N=20°70. 

C;H,N; requires 2/5ths N=20°44 per cent. 

4-Triazo-3 :5-dimethylpyrazole, which had a characteristic odour 
resembling that of iodoform, was very soluble in all the volatile 
organic media with the exception of light petroleum. 


Colour Reactions of 4-Triazo-3:5-dimethylpyrazole with Aromatic 
Hydrozy-derivatives. 


The addition of small quantities of 4-triazo-3 : 5-dimethylpyrazole 


to dilute alkaline solutions of phenolic compounds determined in 
every case examined but that of the nitro-phenols the development 
of an intense coloration which faded more or less rapidly. The 
test, which was usually found to be extremely delicate, was applied 
to 36 phenolic substances with the following results: 


Aromatic hydroxy- 
derivative. Coloration. 
Phenol Bright reddish-blue, changing slowly to purple and 
finally to brown tints. 
Bluish-violet, redder than the preceding coloration, 
changing to dark red. 
Intense blue (a greener shade than that due to phenol), 
changing slowly to brown. 
Pale blne, disappearing in twelve hours. 
Faint bluish-violet, changing to light red. 
Intense reddish-blue, changing to light purple. 
Reddish-purple, changing to light brown. 
Deep reddish-violet, fairly permanent, but changing 
slowly to dichroic shades of lighter blue and red. 
Carvacrol Greyish-blue, changing to bluish-black. 
m-Ohlorophenol Greenish-blue, changing to light red. 
p-Chlorophenol Intense bright blue, reddened on exposure to air. 
Salicylaldehyde Reddish-grey, changing to dark olive. 
p-Hydroxybenzaldehyde ... Intense purple, changing to redder shades. 
Salicylic acid Intense blue, changing to light red. 
m-Hydroxybenzoic acid ... Iniense blue, changing to brown. 
p-Hydroxybenzoic acid ... Reddish-blue, changing to pale purple. 
Catechol Red to reddish-lilac, oxidising to black. 
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Aromatic hydroxy- 
derivative. Coloration, 
Resorcinol Clear red, changing to dark cherry-red. 
Coloration masked by brown oxidation tints. 
Pyrogallol Coloration masked by brown oxidation tints. 
Hydroxyquinol Bluish-lilac, changing to brown. 
Phloroglucinol Bluish-red (like the resorcinol colour), changing to 
brown. 
Reddish-lilac, changing to brown. 

a-Naphthol Reddish-blue, changing to brownish-violet. 
a- Naphthol - 4 - sulphonic 
Purple (redder than the a-naphthol colour), changing 

to brownish-red. 
a-Naphthol -4 : 8 - disulph- 

onic acid Purple, permanent after twelve hours. 
1:3-Dihydroxynaphthalene Brownish-red, masked to some extent by oxidation 

tints. 

1:5-Dihydroxynaphthalene Purple, changing to brownish-black oxidation tints. 
B-Naphthol Bright green, changing to red and then to brown. 
3 - Hydroxy - 8 - naphthoic 

acid Bright green, changing slowly to brown, 


Emerald-green, changing quickly to reddish-brown. 


Olive-green, changing quickly to claret. 
8-Naphthol-6 : 8 - disulph- 
onic acid Leek-green, changing quickly to claret. 
2 : 3 - Dihydroxynaphth - 
alene Bluish-green, changing to dark orange. 
2: 7 - Dihydroxynaphth - 
alene Sage-green, changing to brownish-red. 
1 : 8 - Dihydroxynaphth - 
alene-3 : 6-disulphonic 
Olive, changing to brownish-black. 
8-Amuino-a- naphthol-3 : 6 - 
disulphonic acid Olive-green, changing to brownish-red. 


Similar but much less intense colorations were slowly developed 
on adding 4-amino-3 : 5-dimethylpyrazole to alkaline solutions of the 
phenolic substances. The colour change evidently needed the inter- 
vention of atmospheric oxygen. Addition of a small amount of 
dilute hydrogen peroxide accelerated the development of colour, 
but excess of this reagent destroyed the characteristic tints, giving 
rise only to light red and brown shades. 


The authors desire to express their thanks to the Research Grant 
Committee of the Royal Society for a grant which has partly 
defrayed the expenses of this investigation. 
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XLVIIL—The Water—Gas Equilibrium in Hydro- 
carbon Flames. 
By Georce WILLIAM ANDREW. 


Ir has been found that when such hydrocarbons as methane, 
ethylene, acetylene, etc., are fired with certain proportions of 
oxygen, the cooled products from the reaction may consist largely 
of water, hydrogen, carbon monoxide, and carbon dioxide. 

The experiments described herein were made at Manchester 
University during 1905-6 at the suggestion of Professor Bone, as 
an extension of his researches on hydrocarbon combustion, to 
ascertain how the relative proportions of such constituents, con- 
sidered more especially from the equilibrium point of view, varied 
with variation in the composition and pressure of the gaseous 
mixture fired, it being considered possible that thereby some addi- 
tional light might be obtained on the subject of hydrocarbon 
combustion. 

The reversible water—gas reaction: 

CO+H,O — CO,+ H,, 
giving at any temperature ¢° the relation between the concentra- 
tions of the constituents : 
a C'co x Cu.0 
es Coo, * Cu, 
has been investigated by many workers, and the results obtained 
from the interaction of these constituents, either alone or associated 
with inert gases, cover a wide range of temperature. 

The early experiments of Bunsen (Annalen, 1853, 85, 137) on 
the partition of oxygen between carbon monoxide and hydrogen, 
when mixtures containing an excess of the combustible gas are 
exploded, were vitiated by several inaccuracies, particularly those 
due to the use of a wet eudiometer in the experiments. 

The sources of error in Bunsen’s experiments were pointed out 
by H. B. Dixon (Phil. Trans., 1884, 175, 617), who systematically 
re-investigated the question, and established two essential condi- 
tions necessary for a correct determination of the final equilibrium 
condition, either in presence or absence of an inert gas, namely, the 
use of a heated eudiometer in order to prevent condensation of 
steam during the initial cooling of the exploded gases, and the 
attainment of a certain minimum flame temperature. When these 
conditions are complied with, Dixon demonstrated that the final 
equilibrium is defined by the expression : 

Coo x Cu20 a & 


Coo: x Cu, 
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The experimental results of Horstmann (Annalen, 1877, 190, 
228; Ber., 1877, 10, 1626; 1879, 12, 64) subjected to thermo- 
chemica: analysis by Hoitsema (Zeitsch. physikal. Chem., 1898, 25, 
695) are untrustworthy, since the above-mentioned conditions were 
not complied with. 

In 1892 Smithells and Ingle (T., 1892, 61, 214) mentioned that 
in their experiments on the composition of the interconal gases 
CO x H,O 
©Ox H,O' 
most trustworthy analyses, did not differ greatly from 4:0. 

Later investigations on the water—gas equilibrium have been made 
by Hahn (Zeitsch. physikal. Chem., 1903, 44, 510; 1904, 48, 735), 
who passed mixtures of steam with carbon monoxide, and hydrogen 
with carbon dioxide respectively, over platinum as _ contact 
substance, at temperatures below 1400°, whilst Haber, Richardt, 
and Allner (Haber, “ Thermodynamics of Technical Gas Reactions,” 
pp. 142, 299, et seq.) have obtained figures for the equilibrium 
constant XK; in open flames at temperatures as high as 1500°. 

Hahn also subjected the reaction to thermodynamic treatment, 
and has deduced the equation: 

log K,= — 2232/7 —0°08463 . log 7 —0°00022037' + 2°5084, 
where 7'=t + 273. 

From such an equation the following values of X; are derived : 

OP sscniimnssiniah 1005 1205 1405 1600 

0 ccccccceceee 2-54 3°43 4-24 

which are in general agreement with the experimental results 
obtained by Haber, Richardt, and Allner. 

All attempts experimentally to determine the value of the equili- 
brium constant at high temperatures are liable to inaccuracy owing 
to further interaction in the gaseous system during the cooling 
period. This is accentuated when the gases are in contact with 
heated surface, but it has also been found that such re-adjustment 
may take place even in free gas space, with considerable rapidity 
at temperatures above 1600°. 


calculated from their 


of hydrocarbon flames, the ratio 


EXPERIMENTAL. 


Mixtures of the individual hydrocarbons, methane, ethane, and 
ethylene with oxygen, were prepared in proportions such as were 
known to give on ignition practically only the constituents of the 
water—gas reaction, the actual mixtures employed corresponding 
approximately with CH,+0O,, 2CH,+30,, 2C,H,+30,, 2C,H,+ 
50, CoH, + 20,. 

Every care was exercised in the preparation of the hydrocarbons, 
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which were finally subjected to rigid purification by low tempera- 
ture fractionation prior to use, the purity of the hydrocarbon being 
proved by explosion analysis. 

The oxygen was prepared from recrystallised potassium perman- 
ganate, and the desired gaseous mixture of ascertained composi- 
tion was dried by passage over calcium chloride, and filled into dry, 
cylindrical, boro-silicate glass bulbs of 60 c.c. capacity, fitted with 
platinum firing wires, similar to those used by Bone and Drugman 
in their experiments on the explosive combustion of hydrocarbons 
(T., 1906, 89, 662). The pressure and temperature of the gaseous 
mixture in the bulbs was noted, and the capillary connexions 
sealed. The bulbs were then heated to 130° in an air-bath, main- 
tained at this temperature for thirty minutes, and the contents 
then fired by a spark. The dimensions of the bulbs were such as 
to permit of ordinary inflammation only; detonation was, of course, 
impossible. Finally, the bulbs were cooled, opened in connexion 
with a vacuous, capillary manometer, and the pressure and tem- 
perature of the gaseous constituents ascertained (suitable correc- 
tions being applied for the dead space of the manometer and the 
tension of aqueous vapour), and a sample of the gaseous products 
withdrawn for analysis. 

From such data it was possible, by preparing a balance sheet 
of carbon, hydrogen, and oxygen in the original mixture and 
products respectively, to deduce the amount of water present in 
the products within the limits of an experimental error subsequently 
noted, and the reaction constant XK; was obtained therefrom. 

In general, with a given gaseous mixture, experiments were 
carried out at more than one pressure in order that the effect 
of a variation in flame temperature might be investigated. 

In no way was any deposition of carbon noticed, a point which 
is confirmed by the carbon balance sheet. 

In some bulbs a faint aldehydic reaction was detected, but the 
quantity of aldehyde present was not sufficient to materially affect 
the results of the investigation. 

The quantity of water finally present is deduced by the fore- 
going method and checked by the H, : O, ratio in the condensed 
products was probably, in most cases, accurate to within 3 per cent. 
from the mean value accepted. 


Tabulated Results. 


The tabulated results refer to experiments with the six hydro- 


carbon—oxygen mixtures previously mentioned. In the tables are 
noted : 
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(1) The percentage composition of the dry nitrogen-free mixture 
and products respectively. 

(2) The absolute pressures reduced to 0° in mm. of mercury 
of the dry, nitrogen-free mixture and products noted as P, and 
P, respectively. 

(3) The ratio P,: P,. 

(4) The balance sheet of carbon, hydrogen, and oxygen in dry 
mixture and dry products respectively, from which the water 
finally present is deduced. 

(5) The absolute pressures in mm. of mercury reduced to 0° of 
the carbon monoxide, carbon dioxide, steam, and hydrogen in the 
final products. 

(6) The constant K, = £00 _* Cuz0 deduced from the above data. 


co, * Un, 


Tasce I, 


Experiments with Mixture CH,+O.. 


Analysis of 
Ex- original mixture Analysis of products 
peri- (percentage). (percentage). 
ment - is i | ne 


No. CH,. O,. co,. CO. H,. CH, mm. mm. P,/P.. 
1. 49-5 50-5 8-70 39-65 51:10 055 396 400 0-990 
2. 49-5 50-5 8-60 39-60 51:25 055 396 400 0-990 
3. 49-5 50-5 8-80 39-70 50-85 


TaBLE Ia. 


Experiments with Mixture CH, + Ox. 


Absolute pressure water- 
vapour in mm. reduced to 0° 


Ex- Calcu- Calcu- 
peri- Calcu- Units lated lated 
ment lated Units hydro- Units from from 
No: from carbon. gen. oxygen. hydrogen. oxygen. Mean. 
Original 
mixture... 196 784 400 
-, Products . 418 228 172 


172 


Deficit ... 366 


Original 
mixture... 196 784 400 
Products . 419 227 


365 


173 


Deficit .... 


Original 
mixture... 263 1051 538 
Products . 558 307 


Deficit .... 493 231 


ANDREW: THE WATER-GAS 


TaBLe Id. 


Experiments with Mixture CH, + Oo. 


Absolute pressures of constituent gases in mm. reduced to 0°. 


Experi- 


Cco x CH,O 

ment == 2” 

No. Co. H,0. CO,. H.. CO02 * CHy 
1. 159 177-5 34-8 204 3-98 
2. 158 178-0 34-4 205 4-00 
3. 212 3-95 


TaseE II. 
Experiments with Mixture 2CH,+ 30,. 


Analysis of 
Ex- original mixture Analysis of products 
peri- (percentage). (percentage). 
ment ——_ ~ , ™ 
CH; Oz. co, co. H, CH, PP, x PJP 


No 
4. 39-70 60-30 35-45 35-45 28-60 0-50 310-0mm. 172mm. 1-80 
5. 39-45 60-55 33-90 35-90 29-70 0-50 437-0mm. 243mm. _ 1-80 
6. 39-45 60-55 34-50 35-30 29-70 0-50 437-0mm. 243mm. _ 1-80 
7. 39-45 60-55 33-90 35-90 29-65 0-55 264-5mm. 146mm. _ 1-81 
8 33-90 35-85 


29-70 0-55 


TABLE Ila. 


Experiments with Mixture 2CH,+ 30,. 


Absolute pressure water- 
4 vapour in mm. reduced to 0°. 


~ 


Calcu- 
ij Ex- lated Calcu- 
7 peri- Calcu- Units from lated 
ment lated Units Hydro- Units Hydro- from 
No. from Carbon. gen. Oxygen. gen. Oxygen. Mean. 
Original 
mixture... 123 492 374 
Products . 102 183 195 191 193 


Deficit .... 


Original 
mixture... 172-5 690 529 
Products . 


Deficit .... 


Original 


i mixture... 172-5 690 529 
H 6. Products . 171-0 149 253 270 276 273 
; Ca re Eee a 

Deficit _. 276 
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TaBLE IIa (continued). 


Experiments with Mixture 2CH,+ 30,9. 


Absolute pressure water- 
vapour in mm. reduced to 0°. 


a ™~ 


Calcu- 
Ex- lated Calcu- 
peri- Calcu- Units from lated 
ment lated Units Hydro- Units Hydro- from 
No. from Carboa. gen. Oxygen. gen. Oxygen. Mean. 


Original 

mixture... 104 418 320 
Products . 103 ' 90 151 
Deficit . 328 169 


Original 
mixture... 104 418 320 
Products . 90 151 


Deficit .... 328 169 


164 169 166 


TaBLeE IIb. 
Experiments with Mixture 2CH,+ 30z. 


Absolute pressures of constituent gases in mm. reduced to 0°. 


Experi- 
pa = Coo x C20, 
No. Co. H,0. CO,. B.. Coo2 x CH, 
4. 60-9 193-0 60°9 49°2 3°92 
5+ 87-2 274-0 82-4 72-2 4-02 
6. 85-8 273-0 83-8 72-2 3-87 
 - 52-4 166-0 49-5 43-3 4-06 
8. 52-3 43-4 4-05 


Tasie ITI. 
Experiments with Mixture 2C,H,+30,. 


Analysis of 


Ex- original mixture Analysis of products 
peri- (percentage). (percentage). 
nme OSS, - Ee ~ oe ey 
No. C..H,. O,. co, CO. C,H; H, CH, mm. mm. P,/P, 
9. 39-0 61-0 5-35 4460 nil. 49:00 1:05 272 417 0-651 
10. 39-0 61:0 5-50 4415 0-30 49-35 0-70 272 413 0-658 
11. 38-9 61-1 5:40 44:50 nil. 49:35 0-75 339 518 0-655 


12. 38-9 61-1 44-40 nil. 49-30 0-60 339 519 0-654 
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TaBiE IIIa. 
Experiments with Mixture 2C,H, + 30,. 


Absolute pressure water 
vapour in mm. reduced to 0°. 


Calcu- 
Ex- lated Calcu- 
peri- Calcu- Units from lated 
ment lated Units Hydro- Units Hydro- from 
No. from Carbon. gen. Oxygen. gen. Oxygen. Mean. 
Original 
mixture... 212 636 331 
9.4 Products . 213 425 230 105 101 103-0 


“i 


Deficit .... 101 
Original 
mixture... 331 


10.+ Products . 227 


Deficit .... 104 


Original 
mixture... 414 


Products . 286 


Deficit .... 265 128 
Original 

mixture... 792 415 
Products . 524 290 


Deficit .... 268 125 


TaB.eE IIIb. 
Experiments with Mixture 2C,H,+ 30,. 


Coo X Cy,0 

CC02 x CH, 
4-20 
4-14 
4-19 
3°94 


K= 


TaBLe IV. 
Experiments with Mixture .2C,H;+5Ox. 


Analysis of 

Ex- original mixture Analysis of products 
peri- (percentage). (percentage). 
ment A AW Pe 

No. C,Hy,. O,. co, CO. C,H, H.. . . mm. P,/P,. 
13. 27-20 72-80 40-35 36-40 0-30 22-6 320 1-420 
14. 27-15 72-85 41-85 35:25 0-75 21-85 0- 201 1-460 
15. 27-15 72-85 42-25 35-50 0-35 21-75 200 1-465 
16. 27-15 72-85 42-05 35-55 0-40 21-70 239 1-450 
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TaBLe IVa. 
Experiments with Mixture 2C,H,+50x,. 


Absolute pressure water- 
vapour in mm. reduced to 0°. 


Calcu- 
Ex- lated Calcu- 
peri- Calcu- Units from lated 
ment lated Units Hydro- Units Hydro- from 
No: from Carbon. gen. Oxygen. gen. Oxygen. Mean. 


Original 
mixture... 247 742 661 
Products . 248 153 375 


Deficit .... 

Original 
mixture... 159 477 427 

96 239 


381 188 


294 286 


589 286 


Products . 


Deficit .... 
Original 

mixture... 159 477 427 
Products . 91 240 


Deficit .... 386 187 


Original 
mixture... 188 564 505 
Products . 110 286 


454 219 


TaBLE IV). 
Experiments with Mixture 2C,H,+ 50x. 


Absolute pressures of constituent gases in mm. reduced to 0°. 


Deficit .... 


Experi- Cco x CH,0 
ment = —--——, 
No. Co. H,0. CO.. H, C002 X CH, 
13. 116-5 290 129-0 72-50 3-61 
14. 70-8 190 84-1 43-90 3-62 
15. 71-0 190 84-4 43-50 3-65 
16. 85-0 223 100-5 51-85 3-64 


Mean......... K=3'63. 


TABLE V. 
Experiments with Mixture 2C,H,+50,. 


Analysis of 
Ex- original mixture Analysis of products 
peri- (percentage). (percentage). 

Fis a _ ~ P,. P.. 
No. C,H. O,. CO,. CO. H,. CH. mm. mm. P/F. 
17. 30:05 69-95 47-80 36-90 15-00 0-30 738 520 1-420 
18. 30:05 69:95 47-60 37-30 14:80 0-30 738 518 1-420 
18. 30:05 69:95 47-55 36-95 15-25 0-25 375 265 1-415 
30:05 69:95 47-75 36-75 15:20 0-30 
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TaBLE Va. 
Experiments with Mixture 2C,H,+ 50x. 


Absolute pressure water- 
vapour in mm. reduced to 0° 


Calcu- 
lated Calcu- 
Units from lated 
Hydro- Units Hydro- from 
Oxygen. gen. Oxygen. 


Original 
mixture... 1032 
Products . 689 362 343 


343 


= 1032 
Products . 686 


Deficit .... y 345 
Original 

mixture... 2 §24 
Products . 2 350 


Deficit .... 174 
Original 

mixture... 524 
Products . 353 


te AR 20 A ge LA os ony 


Deficit .... 171 


TaBLE VO. 
Experiments with Mixture 2C,H,+ 50x. 


Absolute pressures of constituent gases in mm. reduced to 0°. 
__Cco x Cn,0 


co. «#0. . =Oc0,x Oe * 
192-0 353 . . 3-49 
193-0 354 . . 3-62 

97-9 179 . 3-44 

98-1 177 . " 3-35 


General Conclusions. 


(1) The ratio K yon Spe is almost constant for the mixtures 
C02 He 

used within limits of experimental error, the value, as thus deter- 

mined, being to a considerable extent independent of the nature 

of the hydrocarbon—oxygen mixture fired or the pressure of the 

gas before ignition. Hence this ratio is apparently independent of 

the maximum flame temperature; the average value is practically 
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4, a figure previously found by Dixon (/oc. cit.) in the inflamma- 
tion of mixtures containing carbon monoxide, hydrogen, and 
oxygen. 

(2) Since under the stated conditions the maximum flame tem- 
perature would vary with the composition and pressure of the 
mixture ignited, the experimentally-determined constant most 
probably does not correspond with the maximum flame temperature, 
but is characteristic of some hypothetical temperature, the equili- 
brium condition at which corresponds with the integration of the 
chemical changes which occur in a rapidly cooling mixture from 
higher to atmospheric temperatures. This purely hypothetical 
temperature, which may be referred to as “the temperature of 
final reaction” (since it may be supposed that the gases are in 
equilibrium, and cease to further react at this temperature), is 
identified both on thermodynamic and experimental grounds 
between the limits 1500° and 1600°. 

(3) No calculation is attempted of the flame temperature, since 
there is no accurate information available relative to the increased 
specific heat of the gases, the radiation from the flame, or the 
nature of any reversible reactions having thermal] effects character- 
istic of high temperatures. In all cases, however, the flame tem- 
perature would, no doubt, be higher than 1600°, and, assuming 
equilibrium to be attained in the flame, subsequent readjustment 
during cooling is thus found to take place. 

(4) The results, thus interpreted, prove the rapidity with which 
the secondary reaction, CO+H,O — CO,+ H,, proceeds during the 
cooling period of such hydrocarbon flames, and the ready adjust- 
ment of equilibrium in such systems down to a comparatively low 
temperature. 

(5) Since in the author’s experiments there was no carbon 
deposited, and the amount of methane in the final gases never 
exceeded 1°05 per cent. (being usually 0°3 to 0°6 per cent. only), no 
conclusion can be drawn therefrom as to the possible influence of 
such factors on the water—gas equilibrium, Fortunately, however, 
the previous experiments of Bone, Drugman, and Andrew (T., 
1906, 89, 1614) on the explosive combustion of mixtures C,H, +O, 
and 3C,H,+ 20, under varying conditions, in all cases carbon being 
deposited and larger quantities of methane formed, provide ample 
material for deciding this point. 

Although in these experiments the temperature of the enclosing 
vessel was below the saturation temperature of the ultimate 
products, the results, according to the author’s calculations (which 
are summarised in the following paragraphs), approximately con- 
form, so far as the proportions of carbon dioxide, carbon monoxide, 
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hydrogen and water in the final gases are concerned, to the require- 
ments of the water—gas equilibrium at about 1600°. 

This fact points to the conclusion that in hydrocarbon explosions 
the adjustment of the “ water-gas” equilibrium during the cooling 
period is not greatly influenced even when relatively large quanti- 
ties of methane and carbon are found in the final products. 


(a) Experiments with Ethane. 


The results obtained with the mixture C,H,+O, are reproduced 
in tabular form, showing the products obtained when this mixture 
was fired in a tube, in a spherical vessel, and detonated in a coil 
respectively, the yields of deposited carbon and aldehyde produced 
showing wide variation, according to the type of vessel. From the 
composition of the gases, the volume of steam as a percentage on 
the dry gas, calculated for a thermodynamic constant K;=4, is 
derived, and the figures are also quoted showing the actual steam 
equivalent of the condensed hydrogen and condensed oxygen 
respectively. It is seen that the proportion of steam thus calcu- 
lated is in general agreement with that required to account for the 
condensed products, when it is recalled that in the case of the tube 
experiment these products contained considerable quantities of 
aldehydes. 

Mixture C,H, + Oz. 
Spherical Detonation in 
Cylindrical vessel. vessel. coil. 
si ‘ 2 , 1-80 


Percentage com- ; , 39-10 
position of dry 2 , ; (Sas 
gaseous products. C e ; +90 

50-00 


Calculated steam 
centage on dry 
ducts from K,;=4. 
Steam deduced from 
condensed hydrogen. 
Steam deduced from) 
condensed oxygen. J 15-3 
Percentage original car- ’ ’ 
bon deputied. } si — 


9-2 


(6) Experiments with Mixture 3C,H,+20,. 


Three experiments were made with the same mixture, correspond- 
ing with 3C,H,+20,, fired in three vessels of different shape and 
dimensions. The following summarised calculations point, as in 
the case of the mixture C,H, +O., to the general agreement, within 
the limits of experimental error, between the quantity of water 
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actually formed and the calculated amount required for a thermo- 
dynamic constant K,=4. 


Short Longer 
Description narrow and wider Spherical 
of vessel. cylinder. cylinder. vessel. 
2-65 2-50 0-50 
. 37°35 40-10 41-45 
Percentage com-| C,H). 10-00 3°75) 0-40 
position of dry C.H,. 2-90 1-25 f 
gaseous products. | CH,. 4-15 5-20 2-90 
H.. 42-20 47-20 54-75 
O,. 0-75 nil nil 
Steam per cent. on dry 
products calculated from 12-0 11-7 2-6 
K.=4. 
Steam deduced from ; : ' 
condensed hydrogen. cies —e oe 
Steam deduced ni 14-7 12-3 3-9 
condensed oxygen. 
Percentage original _ 16-0 29-0 31-0 
bon deposited. 


(c) Experiments with Mixture 2C,H, + Os. 


A similar deduction might perhaps also be made from the results 
obtained on ignition of a mixture 2C,H,+0O,, which has been 
shown by Bone and Andrew (T., 1905, 87, 1241) to give rise to a 


separation of carbon without any visible condensation of moisture. 
From the results obtained from the final products it is found that 
the value K,=4 would only require the presence in a bulb originally 
filled at 727 mm. of an amount of water-vapour having a partial 
pressure of 12 mm. Such an amount might readily escape con- 
densation at room temperature. 

(6) It is thus apparent that the explosive combustion of numer- 
ous hydrocarbon—oxygen mixtures, under widely differing condi- 
tions of incomplete combustion, gives rise to products which at 
least approximately conform to the requirements of the water—gas 
equilibrium with a value of 4 for the thermodynamic constant, and 
that this value is not greatly altered even when large quantities 
of carbon are separated or a considerable percentage of methane 
found in the ultimate products; it is possible that other secondary 
reactions also play an important réle, and the author believes that 
a fuller knowledge of these possibilities, together with more 
accurate data relative to the thermal decomposition of hydro- 
carbons at the very high temperature of flames and their possible 
interaction during cooling with primary decomposition and combus- 
tion products, would throw additional light on the subject of 
hydrocarbon combustion, Professor Bone has, in his published 
lectures, emphasised the important réle which secondary reactions 
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must play in explosive combustion; thus in comparing the condi- 
tion of slow and explosive combustion of hydrocarbons, he expressed 
the opinion (lecture at the Royal Institution, February 28th, 1908, 
p. 6) that whereas the mechanism of combustion is essentially the 
same above as below the ignition-point in so far as the result of the 
initial molecular encounter between the hydrocarbon and oxygen 
is concerned, yet “at the higher temperatures of flames secondary 
thermal decompositions undoubtedly come into operation at an 
earlier stage, and play a more important réle than in slow combus- 
tion, but they do not precede the onslaught of the oxygen on the 
hydrocarbon, but arise in consequence of it.” 


The author desires to express his thanks to Professor Bone for 
suggesting the research, and for advice during its progress. 


RutHwELL R.S.0., 
DuMFRIESSHIRE. 


XLIX.—The Action of Phosphorus Pentachloride on the 
Esters of Gilyceric Acid. Optically Active aB-Di- 


chloropropionates. 
By Percy Farapay FranKLAND and ANDREW TURNBULL. 


THE experiments recorded in this communication were made some 
fifteen years ago, soon after the discovery of the ‘Walden In- 
version,” and were undertaken with the view of furnishing further 
examples of that transformation. Owing to circumstances we were 
unable to complete the investigation, and the results have hitherto 
remained unpublished, although they have been referred to in 
outline by one of us (P. F. Frankland, Presidential Address, T., 
1913, 108, 718). 

By acting on the methyl, ethyl, isobutyl, and heptyl esters of the 
active glyceric acid of Frankland and Frew (T., 1891, 59, 96), 
which are all levorotatory, optically active a8-dichloropropionates 
were obtained, of which the methyl compound alone was dextro- 
rotatory, whilst the others were levorotatory. The relationship 
between the optical activity of the glycerates and the aB-dichloro- 
propionates to which they give rise, is seen from the following 
table: 

(M) (MI. 

Methyl glycerate - 5-76°-—-—> Methyl a8-dichloropropionate + 2-67° 

Ethyl - -12-30 —> Ethyl 9 — 3:06 


isoButyl ,, —23-05 —» isoButyl as — 7-20 
Hepty. s —23-:05 —>» Heptyl a -4:17 
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That the difference in sign between the rotation of the methyl, 
on the one hand, and of the other af-dichloropropionates on the 
other, indicates a difference in configuration between them respec- 
tively is prima facie highly improbable, whilst the identity of their 
configuration is rendered almost certain by the uniformity in the 
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influence of temperature on their optical activity. Thus, from the 
accompanying diagram, it will be seen that, whilst rise of tempera- 
ture increases the dextrorotation of the methyl af-dichloropro- 
pionate, it diminishes the levorotation of the higher esters. If the 
latter were of enantiomorphous configuration to the methyl ester, 
their levorotation would doubtless be increased by rise of tempera- 
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ture. In this connexion it may be mentioned that rise of tem- 
perature increases the levorotation of all the esters of glyceric acid 
(P. Frankland and MacGregor, T., 1894, 65, 760). 

On the other hand, it is still a matter of uncertainty as to 
whether the af-dichloropropionates have the same or the opposite 
configuration to the glycerates from which they are obtained 
(P. Frankland, T., 1913, 103, 738). 

The actual figures given for the rotation of the a8-dichloropro- 
pionates must necessarily be accepted with reserve as we have no 
knowledge as to whether, and if so, to what extent, racemisation 
had taken place in the action of the phosphorus pentachloride on 
the glyceric esters, which were themselves all employed in an 
optically pure condition. 

In preparing the af-dichloropropionates there was always 
obtained also a fraction of higher boiling point, which in the case 
of the methyl and ethyl compounds deposited a white solid, melt- 
ing, after purification, at 71°-and 36° respectively. Analysis and 
molecular-weight determination show that these products are 
doubtless of the type CH,Cl-CCl,*CCl,-OR or 

CHCl,*CHC1-CCl,°OR, 
in which R is methyl, ethyl, isobutyl, and heptyl respectively. 

In the case of the methyl compound the solid had the same 
melting point, 71°, irrespectively of whether it was obtained from 
active or inactive methyl glycerate. Both the solid methyl and 
ethyl compounds were inactive; the liquid isobutyl and _heptyl 
compounds were not examined for activity, being presumably 
inactive also. 

The fact that these highly chlorinated compounds were inactive 
suggests that the following may be the mechanism of their forma- 
tion from the af-dichloropropionates : 


OH,Cl CH, CH,Cl 
gHcl -> ¢cl —> Cc, -> 
CO,R CO,R CO,R 


or or 


CHC! CHCl, 
CH CHCl 
CO,R CO,R 


These compounds are obviously pentachloropropyl ethers. Com- 
pounds of a somewhat similar nature are already known; thus 
dichloro-oxalic ester, CCl,(OEt)*CO,Et, is obtained by the action of 
phosphorus pentachloride on ethyl oxalate (Anschiitz and Stiepel, 
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Ber., 1895, 28, 61). Again, ethyl dichloro-oxalyl chloride, 
CCl,(OEt)-COCI, is obtained by the addition of oxygen to trichloro- 
vinyl ethyl ether, CCl,:CCl‘OEt (Annalen, 1899, 308, 324; 
L. Henry, Rev. trav. chim., 1899, 18, 215). 


EXPERIMENTAL. 
Methyl aB-Dichloropropionate, 


Eighty-four grams of methyl glycerate (a, —12°53°, 1=198-4 
mm.) were dissolved in 240 grams of chloroform, and slowly 
dropped through an inverted condenser into a flask containing 
200 grams of phosphorus pentachloride (292 grams are theoretically 
required) and 80 grams of chloroform. Some four hours were 
occupied in the addition of the ester to the phosphorus penta- 
chloride, and the mixture was then heated to boiling until the 
phosphorus pentachloride had dissolved, when a further quantity 
of 50 grams was added. On cooling, phosphorus pentachloride 
crystallised out, and the liquid was poured off and the crystals 
washed with chloroform, the washings being added to the liquid. 
The latter was now distilled free from chloroform under the ordin- 
ary pressure on the water-bath ; the distillation was then continued 
under diminished pressure (100 mm.), the phosphoryl chloride 
passing over at 55—60°. The residue was dissolved in chloroform, 
and returned to the flask containing the phosphorus pentachloride 
previously unacted on, together with a further quantity, the 
mixture being again heated until evolution of hydrogen chloride 
ceased. The phosphoryl chloride was then again removed as 
described above. This alternate treatment with phosphorus penta- 
chloride and removal of the phosphoryl chloride formed was 
repeated in all nine times, the total quantity of phosphorus penta- 
chloride used being 400 grams, of which 98 instead of the 108 grams 
required by theory were recovered. 

The chloroform solution of the product, free from phosphoryl 
chloride, was shaken with water and then with a solution of sodium 
hydrogen carbonate, separated, dried with calcium chloride, freed 
from chloroform under normal, and then fractionated under 
diminished, pressure until a product of constant rotation was 
obtained. In this manner 10 grams of a colourless liquid, distilling 
at 92°/50 mm. with the oil-bath at 140°, were collected. In the 
fractionation a white solid, described below, was also obtained. 

The liquid gave the following results in the Carius determina- 


tions of the chlorine: 


[. 0°3969 required 0°8627 AgNO,. Cl=45°39. 
0°3969 gave 0°7245 AgCl. Cl=45'13. 
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II. 0°1897 required 0°4112 AgNO,. Cl=45°26. 
01897 gave 0°3461 AgCl. Cl=45'1l. 
C,H,O0,Cl, requires Cl=45'22 per cent. 
The following density determinations were made: 
d 12°/4°=1°3382; d 20°/4°=1°3282; d 45°/4°=1°2947 ; 
d 68°/4°=1-2648. 


Rotation of Methyl aB-Dichloropropionate 
(obtained from levorotatory methyl glycerate). 


Z=99°9 mm.: 


t. dt?/4°. ~~ [a]. [Ml,. 
3-5° 1-3500 + 1-28° +0-95° + 1-49° 
13-5 1-3365 1-96 1-47 2-31 
20-0 1-3282 2-26 1-70 2-67 
43-5 1-2975 3-04 2-35 3-69 
54-5 1-2825 3-26 2-54 3-99 
In the first fractionation of the crude product obtained by the 
action of phosphorus pentachloride on methyl glycerate, the second 
fraction, which had passed over at 115—120°/20 mm. and the 
oil-bath at 165°, was a white solid amounting to 14 grams. The 
fraction before solidification exhibited a rotation of: 


az’ —2°47° in a 99°9 mm. tube. 


On redistillation, 6 grams were obtained between 115° and 125°/ 
15 mm. and bath at 165°. After spreading on a porous plate, the 
solid melted at 70—70°5°. It had a slightly acid reaction, so it 
was dissolved in light petroleum and shaken with a solution of 
sodium hydrogen carbonate, separated, and dried with calcium 
chloride. After allowing the petroleum to evaporate, the crystals 
melted at 71°. The light petroleum solution was inactive. 

This solid was in every respect identical with a solid similarly 
obtained by the action of phosphorus pentachloride on inactive 
methyl glycerate, which melted at 71°, had a pleasant, camphor-like 
odour, and separated from light petroleum in colourless plates. It 
is also very soluble in alcohol, ether, chloroform, benzene, or glacial 
acetic acid. It is insoluble in water, and on adding silver nitrate 
to the mixture there is no change, but, on boiling, a white precipi- 
tate insoluble in nitric acid at once separates: 


I. 0°2141 required 0°7370 AgNO,. Cl=71°88. 
0°2141 gave 06179 AgCl. Cl=71°36. 

II. 0°4419 required 15240 AgNO,. Cl=72°02. 
0°4419 gave 1°2801 AgCl. Cl=71°63. 


Lead chromate and silver foil were used in the following com- 
bustions: 
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I. 0°1578 gave 0°1115 CO, and 0°0320 H,O. C=19°27; H=2°25. 
II. 0°1638 ,, 0°1167 CO, ,, 0°0360 H,O. C=19°43; H=2°44. 
C,H,;OCl, requires C=19°47; H=2°03; Cl=72°01 per cent. 
The following cryoscopic determinations of the molecular weight 
were made in benzene solution: 
I. 0°5017, in 10°0 of benzene, gave Af = --1°039°. M.W.=236°6. 
II. 0°7020, ,, 10-0 % » At=—1:453°. M.W.=236°7. 
C,H;OCl1, requires M.W.=246°5. 
The compound has, therefore, the formula: 
CH,Cl-CCl,°CCl,-O°-CH, or CHCl,-CHCI-CCl,-0-CH3. 


Ethyl aB-Dichloropromonate. 


The preparation was carried out on essentially similar lines to 
those above described for the methyl compound. 

Seventy-six grams of ethyl glycerate (a|} —22°73°, /=198'4 mm.) 
were exhaustively treated with phosphorus pentachloride. Sixteen 
grams of final product were obtained, boiling at 110°/75 mm., bath 
at 150° 

I. 0°2825 required 0°5655 AgNO,. Cl=41°80. 
0°2825 gave 0°4754 AgCl. Cl=41°62. 


II. 0°2784 required 0°5579 AgNO,. Cl=41°86. 
| 0°2784 gave 0°4693 AgCl. Cl=41°69. 
C;H,0,Cl, requires Cl=41°52 per cent. 
The following density determinations were made: 
d 16°/4°=1°2554; d 20°/4°=1°2505 ; d 42°/4°=1°2228; 
d@ 57° /4°=1°2048. 


Rotation of Ethyl aB-Dichloropromonate 
(obtained from levorotatory ethyl glycerate). 


1=99°9 mm. 

é dt? /4°. ap. [a]. [M]p. 

12-0° 1-2600 — 2-47° — 1-96° * —3-35° 

20-0 1-2500 — 2-23 —1-79 — 3-06 

39-5 1-2260 —1-71 — 1-40 — 2-39 

56-5 1-2050 —1-17 —0-97 — 1-66 
In the original fractionation of this ester the higher fractions 
were dissolved in chloroform; the solution was shaken for four 
hours with an aqueous solution of sodium hydrogen carbonate, 
separated, and dried with calcium chloride. On evaporating the 
chloroform 6 grams of a liquid, which crystallised on keeping, were 
obtained. This was redistilled (boiling point 112—114°/12 mm., 
bath at 155°), and the distillate (4 grams) found to be inactive. 
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After repeated crystallisation from light petroleum the constant 
melting point, 36°, was obtained. 
I. 0°2028 required 0°6668 AgNO,. Cl=68°66. 
0°2028 gave 0°5594 AgCl. Cl=68'21. 
II. 0°2142 required 0°7002 AgNO,. Cl=68°26. 
0°2142 gave 0°5886 AgCl. Cl=67°95. 
ITI. 0°2263 »  0°1930 CO, and 0°0592 H,O. C=23°26; 
H=2°'91. 
IV. 0°2745 gave 0°2316 CO, and 0°0665 H,O. C=23°01; 
H=2'69. 
C;H,OCI, requires C=23-03; H=2°69; Cl=68'14 per cent. 
The compound has therefore the formula: 
CH,Cl-CCl,°CCl,°0O-C,H, or CHCl,*CHCI-CCl,°O-C,H;. 


isoButyl aB-Dichloropropmonate. 


Seventy-eight grams of isobutyl glycerate (a, —16°58°, 
1=99°2 mm.) were similarly treated with an excess of phosphorus 
pentachloride in chloroform solution. By repeated fractionation 
of the product, 14 grams were ultimately obtained (b. p. 1279/62 
mm., bath 182°), exhibiting a constant rotation: 

I. 0°2246 required 0°3928 AgNO,;. Cl=36°52. 
0°2246 gave 0°3299 AgCl. Cl=36°32. 
II. 0°2727 required 0°4731 AgNO, Cl=36°23. 
0°2727 gave 0°3981 AgCl. Cl=36°10. 
III. 0°2479 »  0°3789 CO, and 0°1342 H,O. C=41°68; 
H=6°01. 
C,H,,0,Cl, requires C=42°21; H=6°03; Cl=35°68 per cent. 
The following density determinations were made: 
d@ 16°/4°=1°1619; d 21°/49=1°1565; d 37°5°/4°=1°1378; 
d 65° /4°=1°1076. 


Rotation of isoButyl aB-Dichloropromonate 
(obtained from levorotatory isobutyl glycerate). 
1=99°9 mm. : 
t. /4°. a [M]>. 
14-5° 
20-0 
40-5 
68-0 
In the preparation of this ester, again, a fraction of high boiling 
point was obtained (10 grams, 136—142°/19 mm., bath 185°); by 
further fractionation this was reduced to 5 grams (b. p. 140°/ 
20 mm., bath 191°). It was a viscid, colourless liquid with an 


odour resembling that of aniseed : 
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I. 0°2196 required 0°6431 AgNO,. Cl=61°16. 
0°2196 gave 0°5463 AgCl. Cl=61°52. 
IT. 0°2258 required 0°6603 AgNO,. Cl=61°06. 
0°2258 gave 0°5585 AgCl. Cl=61°'16. 
III. 0°2352 »  0°2531 CO, and 0°0820 H,O. C=29°34; 
H=3°87. 
C,H,,OCI1, requires C=29'12; H=3°81; Cl=61'52 per cent. 
The compound has, therefore, the formula: 
CH,Cl-CCl,°CCl,"O°-C,H, or CHCl,*CHCI-CCl,*O-C,Ho. 


Heptyl aB-Dichloropropionate. 


Seventy grams of heptylglycerate (a, —11°75°, 7=100°45 mm., 
t=22°) were similarly treated with excess of phosphorus penta- 
chloride in chloroform solution. On subsequent distillation under 
diminished pressure, a high and a low boiling fraction were ob- 
tained. The latter was refractionated until of constant rotation, 
and 18 grams were obtained, boiling at 144—148°/18 mm., 
bath 186°: 

I. 0°2002 required 0°2790 AgNO,. Cl=29°10. 
0°2002 gave 0°2379 AgCl. Cl=29°38. 
II. 0°2102 required 0°2933 AgNO, Cl=29°14. 
0°2102 gave 0°2480 AgCl. Cl=29°17. 
C,)H,,0,Cl, requires Cl= 29°46 per cent. 

The following density determinations were made: 

d 13°5°/4°=1°0960; d21°/4°=1°0894; d 50°/4°=1-°0607; 
@ 79° /4°=1°0321. 


Rotation of Heptyl aB-Dichloropropionate 
(obtained from levorotatory heptyl glycerate). 


1=99°9 mm.: 
t. dt /4°. Gp. [a]p. [M]p. 
12-0° 1-0980 — 2-02° — 1-84° — 4-43° 
20-0 1-0900 —1-88 —1-73 —4-17 
40-0 1-0710 —1-73 — 1-62 — 3-90 
53-0 1-0580 — 1-63 — 1-54 —3-71 
99-0 1-0230 —1-29 — 1-26 — 3-04 
The fraction of high boiling point, on redistillation, passed over 
at 153—154°/20 mm., bath 188°; it doubtless consisted of the 
compound CH,Cl-CCl,°CCl,°O°C;H,, or CHCl,*CHCI-CCl,-0-C,H,,, 
but was not further examined. 
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PICKERING : THE COLOUR INTENSITY OF 


L.—The Colour Intensity of Iron and Copper 


Compounds.* 
By Spencer UMFREVILLE PICKERING. 


Tuat the so-called ferric salts of organic acids are really ferri- 
compounds, similar to the cupri-compounds, with the metal in the 
electronegative portion of the molecule, has been already proved 
by electrolysis (T., 1913, 103, 1359). 

One of the most marked features of the cupri-compounds is their 
great colour-intensity, this being about nineteen times that of 
copper in inorganic salts. A similar feature exists in the case of 
the ferri-compounds, but since there are two atoms of iron in the 
molecule, two different intensity values are possible, one of them 
probably about double the magnitude of the other, according as 
one or both atoms are united with the carbon atom; the ferric salt, 


-C(OH), 


?(CO,),3 Fe : 
:(CO,)_?Fe’ changing into :/, 


The facts established below bear out this view. Of the eight 
instances available, four show a molecular colour-intensity of 
(average) 20°2, and four, a value of (average) 10, (that of iron in 
a solution of the chloride containing 100 grams of iron per litre 
being taken as unity), and in three of the latter, a constant of 
about 20 is also recognised when the strength is increased beyond 
certain limits. 

The ferri-compounds are found to be more stable than the corre- 
sponding cupri-compounds, owing to quadrivalence not being an 
abnormal condition of the iron atom. Thus, it is only in some 
cases, and when the solutions are concentrated, that the cupri- 
compounds contain the whole of the metal in this condition; dilu- 
tion (except in one or two instances) converting it into a cupric 
salt, and, as will be shown below, the addition of the corresponding 
acid doing the same. With the ferri-compounds, however, the 
colour-intensity is generally constant throughout a considerable 
range of dilution, and is not affected by the addition of the corre- 
sponding acid. 

Where inorganic copper salts form blue solutions, the colour- 
intensity is independent of the nature of the acid radicle, of the 
state of the dilution, and of the presence of excess of the corre- 


* For abstract, see P., 19138, 29, 192. 
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sponding acid, although, beyond a certain point, excess of such 
acid alters the nature of the colour. With ferric chloride, nitrate 
and sulphate, the colour-intensity is nearly the same in the case 
of concentrated solutions, and is approximately constant throughout 
a considerable range of concentration; there is, however, no real 
constancy, and the values alter continuously on dilution, thus 
necessitating the conclusion that at least two forms of iron with 
different colour-intensities are present. From the fact that excess 
of acid deprives the solutions more or less entirely of any yellow 
colour, substituting for it a faint amethyst colour, it is probable 
that such is the real colour of electropositive iron, and that the 
yellow colour of ordinary solutions, and the variation of the colour 
intensity of these, are due to the presence of electronegative iron, 
that is, iron united directly with the chlorine, nitrogen, sulphur, 
etc., in the same way as it is with the carbon in ferri-compounds. 
In the case of the sulphate, a constant value of 21 is attained on 
dilution, almost identical with that of Fe, in the carbon compounds. 


The change of Fe into Fe, and vice versa, is immediate on altering 
the state of dilution. 

With a large excess of acid added to the inorganic ferric salts, 
the yellow colour reappears, but is then of a lemon tint, and not 
comparable with that of neutral solutions. 

When dilution is extended beyond a certain point (approximately 
the same in all cases), the solutions become unstable, and, from 
being nearly colourless when first prepared, they gradually change 
to a deep yellow in the course of several days, the molecular colour- 
intensity with the weakest solutions attaining a constant value of 
about 137; this is due to the hydrolysis of the normal ferric salt 
into free acid and colloidal ferric hydroxide. The latter, when 
obtained by dialysis, gives a value of 134 for its colour-intensity. 
The transformation is not reversible. 

By heating solutions of certain concentrations, hydrolysis of the 
ferri-compound present into another form of soluble hydroxide 
occurs; this has a colour-intensity of about 280, and gradually 
changes into the lighter hydroxide. Weak solutions of the organic 
ferri-compounds are also hydrolysed by protracted heating into 
this colloidal hydroxide. 

Solutions of the formate, acetate and propionate, whether con- 
centrated or dilute, appear to be similar to the most dilute solu- 
tions of the inorganic salts, and consist of acid plus colloidal ferric 
hydroxide; but by prolonged heating at 100° (if the solutions are 
not too dilute), they are converted into the ferri-compounds with 
a colour-intensity of about 20. These are stable. 
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The normal ferric organic salts, metameric with the ferri-com- 
pounds, have not yet been obtained as solids,* but are formed, in 
some cases (racemate, glycerate, malate, etc.) by the prolonged 
heating of fairly concentrated solutions of the ferri-compounds, 
the colour-intensity falling to what it is in inorganic salts. The 
ferric salts thus formed are unstable, and, in the cold, gradually 
revert to the ferri-compounds. In other cases, the heating pre- 
cipitates a basic, or, possibly, sometimes, the normal salt. 

The ferri-compounds appear, in most instances, to dissolve excess 
of ferric hydroxide, just as the inorganic salts do, converting it 
into colloidal hydroxide; this has interfered with the examination 
of the colour-intensity of the basic ferri-compounds of the type 
R”,Fe,,Fe,Os. 

Where the character of the colour is the same, and where con- 
stant values for the intensity are found to apply in a number of 
different cases, it seems certain that such constants must be con- 
ditioned by the character of the connexion of the iron with the 
other atoms in the molecule, that is, whether it is pseudo-tervalent 
or quadrivalent, whether it is in the electropositive or electro- 
negative portion of the molecule, etc. ; but it appears equally certain 
that the character and number of the other atoms in the molecule 
may affect the vibration of the iron atom, and hence produce 
modification in the intensity and quality of the colour. We may, 
therefore, expect that the constancy of the values will not always 
be absolute, and that instances will occur where differences of 
tint render comparison impossible. The oxalate, ferricyanides, 
thiocyanates, malate and ethylsuccinate are all instances where 
the tint is not comparable with that of the other compounds, nor, 
in most cases, with that of each other. 


Effect of Acids on the Colour of the Copper Compounds. 


The results entered in table I show that the addition of the 
corresponding acid to an inorganic salt of copper is without effect 
on the colour-intensity, so long as the tint is unaltered. With the 
sulphate, this is so up to 2H,SO,:CuSO,, and almost so up to 
12°5H,SO,:CuSO,; with the chloride, there is no alteration up 
to 0°5HC1:CuCl,, but with 1°4HCl a difference in tint is notice- 
able, and with more acid, the well-known change to green 
becomes evident. With the nitrate, there is constancy up to 
0°'7HNO,;:Cu(NO3)., beyond which a similar change begins. The 
points at which these changes start will vary, of course, with the 
proportion of water present. 


* Except the oxalate, of which the ferri-form has not been obtained. 
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TaBLE I.—Fffect on the Colour-antensity of Copper by the Addition 
of x Gram-molecular Proportions of the Corresponding Acid 
to 64 Grams of Copper. 


Colour-intensity without extra acid taken as unity, in each case. 
The values in brackets are those compared with iron in the chloride. 


Grams of Relative 
copper colour- 
Compound. in 100 c.c.* x. intensity. 
Sulphate 2-5 0-002 to 2-0 1 
2-5 to 12-5 1 (duller blue) 
Chloride 2-5 0-008 to 0-5 1 
~ 1:36 to 4-1 0-95 to 0-80 tint altered 
. 0-012 to 0-7 1 
1-92 to 4:8 0-9 tint altered 
0:05 to 0-16 1 (3-0) 
0-4 to 2-5 0-99 to 0-83 
0-075 to 3-7 1 (6-0) 
0-89 to 0-86 
1 (7-0) 
0-96 to 0-80 
0-024 to 24-0 . 
1-42 
ia 4-3 to 5-7 
Glycerate .........cccccccees . 0-25 to 0-75 
1-5 to 3-0 
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* The values apply to the strength of the solution taken, and would be reduced in 
extreme cases by the dilution caused by the addition of the acid to four-fifths of 
those entered. 


With the organic salts, the addition of acid has generally some 
effect, but not much in cases where the proportion of normal salt 
present is considerably greater than that of the cupri-form of the 
salt; thus, the formate, glycollate, crystallisable glycerate and 
lactate, with colour-intensities of 3°0, 2°7, 2°5 and 2°6, respectively, 
of that of copper as sulphate, show, on the addition of the corre- 
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sponding acid, diminutions extending to 17, 16, 16 and 0 per cent. ; 
whereas, with the malate, freshly-prepared glycerate and maleate, . 
where the colour-intensity is 6, 9 and 6, respectively, and where 
a large proportion of the salt must be present as the cupri-com- 
pound, the addition of acid reduces the colour-intensity to one- 
half, one-third, and to one-fifth, respectively. With the acetate 
and propionate, however, where the colour-intensity of 6 and 7 
indicates the presence of a considerable proportion of the cupri- 
compound (although this has not been isolated, as in the case of the 
malate and glycerate), the addition of acid produces only the small 
reduction of 14 and 20 per cent., this exceptional behaviour being 
due, doubtless, to the weak character of these acids. 


Organic Iron Compounds. 


Instances of organic compounds of iron being required for this 
investigation, the behaviour of various acids towards freshly-pre- 
cipitated ferric hydroxide in the dark was examined in the same 
way as had been done previously in the case of tartaric, malic 
and citric acids, the acids ‘being digested with the hydroxide at 
20° until the action was complete (T., 1913, 108, 1364). In 
previous cases, it had been found that the hydroxide dissolved 
entirely when the proportion taken did not exceed that required 
to form a normal ferric salt, thus affording evidence of the reality 
of the existence of such salts, or of their metameric ferri-compounds ; 
with more than one equivalent, some of the excess dissolved (except 
with tartaric acid), but a certain amount of basic insoluble salt 
was also formed, and, as the proportion of hydroxide taken was 
increased, the quantity of basic salt formed also increased, 
so that the amount of iron remaining in solution actually 
diminished with an increase in the amount taken. The course of 
the action was shown to be the formation of a soluble ferri-com- 
pound of the formula [R”,R/’,|Fe,,Fe.03, and its subsequent 
gradual transformation into an ordinary ‘insoluble basic salt of 
similar composition. 

In the first twelve instances quoted in table II, one equivalent 
of hydroxide dissolves completely, or nearly so, in one of acid; 
with the ethylsuccinate, only 0°5 equivalent dissolves, and the 
solution, therefore, must contain an acid compound. When more 
than one equivalent is taken, there is generally some increase at 
first in the amount dissolved, followed by a reduction, and the 
formation of a larger proportion of insoluble basic salt. The 
increase, however, is inappreciable in the case of the tartrate, 
oxalate and ethylsuccinate, whilst the subsequent decrease does 
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not occur, so far as the present experiments show, with the 
glycerate, lactate and the compounds of the fatty acids. 


TaBLE II.—Ferric Hydroxide Dissolved at 20° by 1 Equivalent of 
Acid. 


Equivalents of F,O, taken ... 1-0 1-25 2-0 3-0 
Equivalents of Fe,O, dissolved. 


1-00 0-86 
1-18 
1-23 
1-01 
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Glyceric 
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Ethylsuccinic . 
Succinic 

Fumaric. .ossccssecsecee 
Aconitic , 
action incomplete. 


The proportion of hydroxide dissolved in the case of oxalic, 
maleic, and ethylsuccinic acid, is nearly constant at 1, 1 and 
0°5 equivalents, respectively, so long as the proportion taken does 
not exceed 2 equivalents, and with the lactate the whole of the 
hydroxide taken is dissolved up to 2 equivalents, this giving 
evidence of the formation of a compound of such composition. 

With the last four acids entered in the table, little or no iron 
passes into solution, but the hydroxide is converted into an in- 
soluble salt, a basic salt represented by R”,Fe.,Fe,O,; (when dried 
at 100°) in the case of the succinate, and a normal salt, mixed 
with a small proportion of basic salt, in the case of the fumarate 
and maleate, whilst with the mucate, the conversion of the hydr- 
oxide into a salt is very incomplete. 


Inorganic Ferric Salts. 


Solutions of ferric chloride, each of half the concentration of 
the next more concentrated one, and prepared at least one month 
previously, were compared with each other. The values were 
checked by comparing together solutions differing considerably in 
concentration, this being possible owing to the more dilute 
solutions being as highly coloured as some of the concentrated ones. 
The molecular colour-intensity of the iron in a solution containing 
100 grams of the metal per litre was termed unity. 
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In other cases, a similar comparison was made between the 
members of any given series, and these were then compared with 
the ferric chloride solutions. Some variation of tint was often 
noticed at certain concentrations, and where that was the case, 


those results were discarded. 
The number of instances in which the values remain constant 


Fie. 1. 


Colour intensity of ferric ehloride solutions. 
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throughout a series shows that no serious accumulation of errors 
can exist. 

The results of two closely concordant series with the chloride 
are summarised in col. II of table III, and are plotted against the 
logarithms of the strengths in Fig. 1, ABC and ABD. The values 
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are apparently constant from about 12 to 3 grams of iron per 
100 c.c., but the rise with both more concentrated and more dilute 
solutions (see the lower figure on a more open scale) renders it im- 
probable that this constancy is real. After rising to 2°9 at 0°08 per 
cent., the values again fall to 1°7 at 0°005 per cent., when the 
solutions become too pale for further measurement. The solutions 
on this falling branch of the curve, however, are not stable, and 
in about one hour they begin to darken, the change not becoming 
complete until after one to three weeks. The final values yield 
a curve, which attains and remains at a maximum of about 
137. The temporary and permanent values are entered in the left 
and right hand halves of col. II. At the point where the curve 
bifurcates—the critical point—the solution becomes opalescent after 
several days, and sometimes a slight precipitate settles; in some 
cases, opalescence occurs in a minor degree in solutions of double 
and of half this concentration. 

The results of a third series, given in col. III, differ slightly 
from those in the other cases in that the critical point occurs 
earlier, and that the subsequent rise in values is more rapid; but 
as regards general characteristics, and the initial and final values, 
it shows no differences. Inappreciable impurities in the sample 
may easily produce slight modifications in the actual values 
obtained. 

Besides the solid (doubtless a basic salt) which causes the opal- 
escence at the critical point, three or four other solids may separate 
from these solutions. (1.) On being heated to boiling, the more con- 
centrated solutions give a considerable precipitate of basic salt 
(approximately Fe:Cl=8:1), forming in maximum quantity in 
solutions containing 1°‘2—0°6 per cent. of iron, and not at all in 
more concentrated (2°5 per cent.), nor in more dilute (0°1 per cent.) 
solutions. (2.) Solutions more dilute than that at the critical point 
occasionally deposit, after some months, a small amount of basic 
salt. (3.) Solutions at and beyond the critical point, when boiled, 
deposit a perfectly transparent, brownish-yellow deposit of hydr- 
oxide on the glass. In one or two cases a similar deposit occurred 
in the cold: this was more frequent with solutions of the bromide. 
(4.) Solutions of extreme dilution occasionally give, after a time, 
a precipitate of flocculent ferric hydroxide. 

The action of heat on the solutions, besides causing precipitation 
in some cases, induces other changes. Taking, first, solutions which 
have attained a condition of stability in the cold, a considerable 
darkening occurs when heated to boiling, but this disappears at 
once on cooling if the concentration is 1°2 per cent. of iron, or more. 
With more dilute solutions, it is persistent. The values obtained 
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when they are heated just to boiling in quantities of 5—10 c.c.,* 
and then rapidly cooled, are given in col. IV, those to the left 
being the ones given immediately after cooling, and those to the 
right the ones obtained three months later. These are identical,} 
and the maximum is barely higher than the value for the most dilute 
unheated solutions. They form the curve YD in the figure. 

On the other hand, solutions heated immediately after prepara- 
tion (labile solutions) give much higher values (left half of col. V, 
and Fig. FD), but the intensity diminishes with time, the values in 
the right half of the column being those obtained after three 
months, although, apparently, even then, they were still falling in 
the case of the more concentrated solutions, and would, probably, 
in time, all become identical with those of the heated stable 
solutions. The freshly prepared solutions near the critical point 
do not become cloudy on heating. At extreme dilution, the values 
for the heated and unheated stable solutions, and for the heated 
labile solutions, are all identical. 

The significance of these results will be discussed below (p. 480). 

Bromide.—The results with this were substantially similar to 
those with the chloride, and showed a bifurcation of the figure 
at 0°07 per cent. of iron; but detailed examination was impossible, 
as the cloudiness appearing at the critical point appeared, also, in 
three of the neighbouring solutions, and a deposit of transparent 
hydroxide formed in some of the others, whilst with the concen- 
trated solutions (4°4 to 0°6 per cent. of iron) the red colour of 
bromide predominates over that of the iron, although no free 
bromine could be detected. All the weaker solutions are yellow. 
In the weakest solutions, the colour-intensity did not exceed 55, 
but the purity of the specimen examined was doubtful. The mini- 
mum value attained (in branch BC of the figure) was 1°2. 

Nitrate—The results with the unheated solutions of this salt 
were closely similar to those with the chloride (col. VII, table ITI, 
and Fig. 2). With the heated solutions there is a difference, 
since both the stable and labile solutions (cols. VIII and IX) 
give practically the same values, and, in both cases, these show a 
considerable reduction after three months (right hand halves of 
the columns). 

Sulphate.-—-This differs from the chloride and nitrate in that 
the values show a much greater rise up to the critical point, and 


* The boiling may be protracted in the case of the more dilute solutions without 
fear of precipitation: observations with solutions of concentrations of 0°06 to 0°16 
per cent. could not be made owing to their being, or becoming, cloudy. 

+ In another series a slight reduction in intensity was observed during the first 
few days after the heating. 
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remain constant at 21 after that point. The latter solutions, as 

in the other cases, darken on keeping, but the extent of this 

darkening could not be measured, as they all became cloudy. 
Colloidal Ferric Hydroxide.—Freshly-precipitated ferric hydroxide 


Fic. 2. 


Colour intensity of ferric nitrate solutions. 
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was digested for some weeks with solutions of ferric chloride or 
nitrate, and the resulting liquids were dialysed until nearly free 
from acid. Samples from the chloride gave the composition of 
Fe,Cl,+47Fe,0, in one case, and Fe,Cl,+21Fe,0O,; in another, and 
the mean of series of colour determinations with them are 
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given in table IV. That from the nitrate was represented by 
Fe,(NO;),+32Fe,03;. In all cases the colour-intensity is constant 
throughout, within the limits of experimental error (table IV), and 
it is practically the same (about 134) whichever salt is used in its 
preparation. The solutions undergo no change on boiling, but, on 
prolonged heating at 100°, flocculent hydroxide is precipitated. 


TasLE IV.—Colour-intensity of Organic Ferri-compounds and 
Colloidal Hydroxide. 


Grams of Glycerate. Gly- 
iron per Race- a, Malate. Tar- _col- 
100 c.c.. Citrate. mate. Lactate. A, B. trate. late, 

3-0 21-9 — 23-8 — — _ a 

2-3 19-8 _ 25-5 — — — _ <n 

1-5 17-3 = 21-6 17-5 20-0 — 29.1 
1-0 12-1 —_ 18-6 15-6 — 20-0 — 25-6 
0-5 10-3 9-1 10-2 13-1 18-8 196 22:2 — 

0-25 10-4 8-2 9-8 12-0 18-8 16-8 22-2 22-4 
0-125 10-4 8-4 9-7 10-5 18-1 144 21-5 24-7 
0-062 10-4 9-0 9-1 9-2 18-1 12-3. 21-7 20-7 
0-031 10-3 9-7 9-2 9-0 17-2 10-8 21-6 17-6 
0-016 10-1 10-8 9-4 8-5 17-0 10-9 21-6 16-7 
0-008 9-6 11-2 9-3 8-3 18-3 11-5 21-6 17-6 
0-004 9-5 11-9 9-8 8-3 19-7 12-2 22-6 18-3 
0-002 9-2 12-2 10-3 8-3 20-7 14-2 22-6 18-8 
0-001 8-7 12-4 10-7 9-0 20-7 16-2 22:5 19-3 
0-0005 8-7 12-7 = -— 20-7 --- 22:6 19-9 

20-0) 
Mean 9-7 11-5 9-7 9-1 19-0 {ios} 22-1 19-6 


Oxalate, 0-5 to 0-004 per cent., constant at... .......cccceeceeeeeeeeees 


Maleate, 0-5 to 0-001 per cent., constant at ...........ccceceeeeeseeees (?) 55 
Ethylsuccinate, 0-5 to 0°001 per cent., constant at ..............ee0e (?) 55 
Formate, 0 5 to 0-0001 per cent., constant at .........ccecceseeeeeees 159 
Acetate, 0:5 to 0-0001 per cent., constant at .........ccee cesses eeees 169 
Propionate, 0-5 to 0-0001 per cent., constant ati ...........ceceeeeeeee 172 
Hydroxide from chloride, 0-5 to 0-0001 per cent., constant at...... 128 
Hydroxide from nitrate, 0-5 to 0-0001 per cent., constant at ...... 139 


Organic Compounds. 


The solutions (table IV) were prepared by dissolving moist, 
precipitated ferric hydroxide at 20° in the amount of acid calcu- 
lated to form the normal salt. Dissolution was complete, or very 
nearly so, except in the case of the ethylsuccinate. Light had to 
be excluded; the oxalate is rapidly decomposed by sunlight with 
the formation of a ferrous salt; the racemate is similarly unstable, 
and, to a less extent, the tartrate, glycerate and lactate. At least 
two preparations and series of determinations, were made in each 
case. 

The values for the colour-intensity are approximately constant 
I12 
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throughout a large range of concentration from 0°5 per cent. of 
iron downwards. With the racemate, however, there is some 
increase on dilution, with the citrate, some reduction, and with 
the malate and glycollate, there is a reduction followed by an 
increase. 

The average of the values for the weaker solutions of the citrate, 
racemate, lactate and glycerate A * is 10°0, and that for those of 
the tartrate, glycollate and glycerate B is double this, namely, 
20°2. 

With the citrate, lactate, malate and glycerate A, where the 
lower constant obtains for dilute solutions, the higher one is 
indicated for concentrated solutions, although the values must be 
uncertain owing to the depth of colour of such concentrated 
solutions. With the malate, the range throughout which the lower 
value extends would not justify its being termed a constant here. 
With the concentrated solutions of the glycollate, the value is 
exceptionally high. 

Making allowance for the fact that some variation in the con- 
stants might naturally be produced by differences in the character 
of the molecules with which the iron is combined, there can be 
little doubt that the existence of two constants are here indicated, 
one of them double the other, as would be the case according as 
one or both the iron atoms had assumed a certain character (for 
example, had become electronegative), and the tendency of dilution 
is to reduce the higher value to the lower. 

With the other compounds examined, the values were constant 
throughout, and the means only are given at the foot of the table. 

With the oxalate, maleate and ethylsuccinate, the tint renders 
comparison with the chloride impossible. With the first, the tint 
is greenish, and the intensity between 1 and 2, that is, approxi- 
mately that of the inorganic salts, to which, in nearly all other 
respects, it resembles. With the latter two, the tint is red, and 
the intensity appeared to be 50 to 60, but judging by the fact 
that the colour became too faint for measurement at about the 
same degree of dilution as in the other cases, it is probable that 
the real value is not above 20. 

Solutions of the formate, acetate and propionate are evidently 
very different from those of the other compounds, and exhibit a 
colour-intensity as high as 159—172. These values are also main- 
tained when the iron is present in excess; with 2Fe,0O, and 3Fe,0, 
to one equivalent of acetic acid, the values of 150 and 145 were 


* The two samples of glycerate were prepared from different specimens of acid, 
which may not have been of the same degree of purity, as the ‘‘acid” always 
contains some anhydride. 
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obtained, and with similar proportions in the case of propionic 
acid the values were 156 and 164. 

Determinations were made with potassium and sodium ferri- 
cyanides from a strength of 2 to 0°0001 per cent. of iron, and of 
4 to 0°0001 per cent. of iron, respectively; but the tints, although 
comparable with each other, are not comparable with that of the 
chloride. The intensities are certainly greater than that of the 
latter, estimates giving 6 with the potassium salt, and 18 with 
the sodium salt. The intensity is unaltered by dilution. 

With the ferrocyanides the intensity is much less than with 
ferric chloride, and the values alter with dilution. The following 
determinations were made: 

Per cent. Iron. 2 5 O75 O38 O19 O10 0:05 


0°064 0°064 0°064 0°067 0°088 0101 0°108 
— 0°094 0104 0°104 0:092 0:087 


Effect of Excess of Acid. 


With the nitrate, the addition of from 1°2 to 1°8 molecules of 
nitric acid to each atom of iron discharges the yellow colour en- 
tirely, and the liquid becomes of a light amethyst tint, discernible 
only in the case of concentrated solutions. On the further addition 


of acid up to 3 to 20 molecules, a strong lemon-yellow colour 
develops; this is of much lower intensity than the yellow of the 
neutral nitrate, but no exact comparison is possible. The amethyst 
colour is often noticeable in the solid crystallised nitrate, as it is 
with iron alum; also in solutions of ferric salicylate. 

With the sulphate, the yellow colour does not entirely disappear 
on the addition of acid, but becomes reduced to about one-seventh 
of its original value, and is lemon-yellow in quality; this yellow 
increases in intensity with further additions of acid, reaching to 
about one-half of the intensity of that in the neutral sulphate. 
With the more concentrated solutions, the coloration at the point 
of minimum intensity is apparently that of a mixture of amethyst 
and yellow. With solutions containing 7, 1°8 and 0°4 per cent. 
of iron, the minimum coloration is attained with 27, 70 and 90 
molecules of sulphuric acid respectively. From very concentrated 
solutions, acid precipitates the white solid sulphate. 

With the chloride the addition of acid produces a reduction of 
intensity, and an alteration in quality to the lemon tint, without 
showing any minimum point or amethyst colour. From 0°2 to 2 
molecules of hydrochloric acid to each atom of iron, where the 
solutions contain from 3 to 0°04 per cent. of iron, the acid reduces 
the intensity to one-third or one-quarter of its original value. 

The behaviour of the organic ferric salts with excess of the 
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corresponding acids is very different, the reduction in colour-inten- 
sity in those cases investigated being practically nil. The oxalate, 
however, is exceptional, behaving in this, as in other respects, like 
the inorganic ferric salts, and showing a large reduction on the 
addition of acid. The results may be summarised thus: 
Acetate +0°23 to 23:0 C,H,O to each Fe No change 
Malate 12:0 C,H,O,; by No change 
Tartrate , 27:0 C,H;O, No change 
Citrate } 3°4 C,H;0, No change 


Citrate . 13°4 C,H,O, Reduction extending 
to 5 per cent. 


Oxalate 16:0 C,H,0, Reduction throughout, 
extending to 79 per 
cent. 


Effect of Heat on the Organic Compounds. 


Péan de Saint-Gilles (Ann. Chim. Phys., 1856, [iii], 46, 47) 
found that when the acetate was boiled for some hours it became 
opaque through the formation of a brick-red ferric hydroxide, 
which remained in suspension. This has been confirmed as regards 
solutions containing 1°5 to 0°5 per cent. of iron. With a 0°25 per 
cent. solution, however, it was found that only slight opalescence 
occurs, the colour-intensity is appreciably reduced, even in half-an- 
hour, and becomes constant in twenty-four hours, being reduced 
from 170 to (average) 21°9. This is identical with the value for 
the ferri-compounds with 2Fe. Such solutions remain unaltered 
after the heating (which was done in sealed tubes), and alcohol 
gives a precipitate with them, which is not the case with the 
unheated solutions. 

The formate undergoes similar changes, but the reduction in 
colour-intensity has not been traced beyond 55, which was reached 
in twenty hours at 100°. With the propionate, the reduction was 
traced to 64 in twenty-four hours. 

In all three cases there appears to be an increase of intensity 
preceding the decrease. This was most marked with the propionate, 
where, with a 0°25 per cent. solution, the intensity increased at 
first to 250. If the heating be then discontinued, the intensity 
reverts to its original value of 170 in two days. This indicates the 
conversion of the lighter form of colloidal hydroxide into the darker 


form, prior to the production of the ferriccompound with 2Fe. 
With the other organic ferri-compounds, two different changes 
occur on heating, according to the concentration of the solutions. 
When these are concentrated (1°5 to 0°25 per cent. of iron), pro- 
tracted heating reduces the colour-intensity to, approximately, the 
value obtaining in the case of the inorganic salts, implying the 
conversion of the ferri-compound into the corresponding normal 
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salt with the iron electropositive; in the first three instances quoted 
below, the intensity is reduced to nearly unity; in the other two, 
the reduction is less complete. The ferric salt formed, however, is 
unstable, and, in the course of a few days or weeks it reverts to 
the original, dark-coloured ferri-compound. In the case of the 
lactate, glycollate, maleate, and the strongest tartrate and racemate 
solutions, the heating produces a precipitate. This, in the case of 
the racemate, is the basic salt, R,Fe,,Fe,0,; in the case of the 
tartrate, it is not the corresponding basic salt, but consists of a 
bulky jelly which gradually redissolves in the cold. It may be the 
normal salt. The oxalate darkens slightly, but becomes opalescent. 


More concentrated solutions. More dilute solutions. 
Intensity reduced. Intensity increased. 
Racemate 9 to 1:08 From 
Malate 20 ,, 1:22 
Glycerate 17 1°30 
Tartrate 22, wt5 
Citrate 17_ ,, ~=$14:2 
Lactate cloudy 


With the more dilute solutions, hydrolysis occurs, forming col- 
loidal hydroxide, and when the heating is further protracted—in 
some cases more than twenty-four hours being required—this is con- 
verted into the ordinary, insoluble, flocculent hydroxide. The colloidal 
hydroxide is unstable, and, in the cold, gradually reverts into the 
ferri-ccompound from which it was formed. In most cases, the 
conversion of the whole of the iron into the colloidal hydroxide 
cannot be complete before precipitation begins, but it is probably 
so in the case of the tartrate and citrate, where maximum values 
have been obtained, identical for several different concentrations, 
and where no precipitation occurred after forty-eight hours’ heating, 
The mean value in these two cases is 290. 

Some evidence was obtained that, with solutions of intermediate 
concentration, the two actions characteristic of concentrated and 
dilute solutions, might proceed simultaneously, but at different 
rates, and this would indicate that these represent the changes of 


the two ferri-compounds present, with 2Fe and FeFe, respectively. 

Attempts were made in the case of the racemate and glycerate to 
obtain the lighter form of colloidal hydroxide by diluting the 
recently heated concentrated solutions: but no hydrolysis occurred. 
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Discussion of Results. 


The main features of the results with the inorganic salts may be 


summarised thus: 
Chloride. Nitrate. Sulphate. Bromide. 
Intensity with satur- 
ated solutions 1°31 1°22 1°29 — 
Minimum _ intensity 
with concentrated 
solutions 0°98 1°01 1°04 — 
Position of minimum 12 to 3 10 to 2 10 to 5 — 
Position of critical per cent. 
point (0°16 to) 004 0°02 0°08 0°07 
Final maximum in- 
135 139 — — 


ee 
137 
Intensity of colloidal 
hydroxide 


134 


The small rise in intensity with saturated solutions is, doubtless, 
due to the formation of hydroxide in some form; such solutions, 
especially that of the nitrate, give off acid fumes when heated,* 
and the solid nitrate will do so in sunlight, even at the ordinary 
temperature, the fumes being re-absorbed in the dark. It is equaily 


certain that the iron in the most dilute solutions is in the form 
of colloidal hydroxide ; the colour-intensity is that of the hydroxide 
prepared by dialysis; it will not diffuse through parchment paper, 
is not affected except by prolonged boiling, and is precipitated by 
acid as ordinary flocculent hydroxide, just like the dialysis 
product. ft 

The more concentrated solutions constituting the curve AB must 
contain iron of, at least, two different colour-intensities, but the 
darker one cannot be the colloidal hydroxide, for the two forms in 
question are convertible immediately into each other by dilution or 
concentration, whereas the colloidal hydroxide is formed only very 
gradually, and its formation is irreversible. This is proved by 
the fact that the same result is obtained by diluting a concentrated 
solution, either with water or with any more dilute solution on 
the curve AB, whereas, if diluted with a solution on the curve 
BD, instead of with water, the resulting mixture is much darker, 
and remains permanently so. 


* With the sulphate, only above 100°. 

+ Such precipitation shows that the colloidal hydroxide is incapable of direct 
reaction with acids, and seems to prove that in the insoluble flocculent hydroxide 
the state of aggregation, and probably hydration, must be intermediate between 
that in the colloid and that of the unimolecular condition which must precede its 
combination with an acid. 
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The most probable view is that the darker constituent of the 
more concentrated solutions (curve ABC) is a ferri-compound, 
similar to the organic compounds, with the iron united directly 
to the nuclear element of the acid radicle. With both atoms 
present in this condition, the colour-intensity should be about 20, 
and, in the case of the sulphate, this value is reached and main- 
tained from a strength of 0°014 to the limit of the observations 
(00017 per cent.). The lighter constituents of these solutions 
would, of course, be electropositive or pseudo-tervalent iron; what 
the colour-intensity of this is, is uncertain, but the probability is 
that it is nil in respect of yellow, and that it would show, if pure, 
only a slight amethyst colour. That some form of iron possessing 
such characteristics exists, is certain from the results obtained on 
adding excess of acids to the solutions, and this almost colourless 
iron is not the result of the formation of acid salts, as the effect of 
still more acid is to produce a lemon-yellow colour.* On such a 
view, which is in harmony with the colourless nature of the solid 
sulphate and nitrate,+ the yellow of the solutions, even at the mini- 
mum points, must be due to the presence of some electronegative 
iron. It may be objected that this would necessitate the latter 
being present in approximately the same proporticn, and to occui 
at approximately the same degree of concentration, in all cases. 
This is, however, not improbable, as it is seen that the formation 
of colloidal hydroxide (that is, the position of the critical point) is 
to a large extent independent of the nature of the acid present. 
The proportion of water may be the main factor in both cases. 

As the ferri-compound contains the elements of 2H,O over and 
above that of the ferric salt, dilution would increase the proportion 
of the former, as it does in the figure AB; but the effect of dilution 
is two-fold, it favours hydration, but it also separates the dissolved 
molecules from each other, reducing them to the quasi-gaseous 
condition. If the stability of the ferri-compound under such con- 
ditions is less than that of the ferric salt, as is most probably the 
case, dilution beyond a certain point would begin to increase the 
proportion of the latter, and the fall in the colour-intensity in the 
region BC would be accounted for. The ferric salt, thus re- 
generated, not being stable, is gradually hydrolysed, forming col- 
loidal hydroxide or a basic salt, the latter only at the critical point 


* This has not been fully investigated yet. It seems difficult to explain this 
colour, especially if its intensity is the same in all cases, by the formation of 
ordinary acid salts, but it may be due to the formation of compounds analogous to 
the a-cupricarbonates, wherein an acid radicle displaces the oxygen united to the 
metal (T., 1911, 99, 801). 

{ The transparent amethyst crystals of the nitrate cannot be washed and dried 
without assuming a yellow tint. 
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or, exceptionally, at some other concentrations. As the proportion 
of colloidal hydroxide eventually formed (curve BD) increases with 
the proportion of ferric salt in the freshly-prepared solution (curve 
BC, so far as it can be followed), it is legitimate to conclude that 
the hydroxide is derived from the ferric salt, rather than from the 
ferri-compound, which is present in decreasing proportions as the 
dilution is extended. 

It remains to account for the very deeply-coloured product ob- 
tained by heating solutions of the chloride from 0°6 to 0°005 per 
cent. concentration. Doubtless, this, also, is a form of ferric hydr- 
oxide produced by hydrolysis. As the ordinary colloidal hydroxide 
is not altered by heat, unless the heating is very prolonged, it is 
evident that this dark product cannot be formed from it. Now, 
the proportion of ordinary colloidal hydroxide in unheated solu- 
tions may be calculated from the curve BD, and thence the relative 
proportions of the darker hydroxide in the heated solutions (curve 
FD); these proportions, rising from ni/ at a concentration of about 
1 per cent., are found to reach a maximum at a concentration of 
0°04 per cent.—the exact point at which the proportion of ferri- 
compound also reaches a maximum in the solutions before heating 
—and fall to ni again at extreme dilution, where the proportion 
of ferri-compound originally present must, so far as the determina- 
tions can show, be also nil; the obvious conclusion is that this 
hydroxide must be the hydrolysis product of the ferri-compound, 
just as the ordinary colloidal hydroxide is that of the ferric salt. 

On the assumption that this transformation by heat is complete, 
and taking the results at points where the quantities dealt with 
are not too small for accuracy, the colour-intensity of the darker 
hydroxide is given as 260; or, if the curve HD, instead of BD, be 
taken as giving the proportion of lighter hydroxide in the heated 
labile solutions, the value obtained is 270. Similar calculations 
with the nitrate give 306; the mean is 280, which is just double 
that of the lighter colloidal hydroxide. This view is confirmed by 
finding that the organic ferri-compounds are, as a matter of fact, 
hydrolysed by heat (although not by mere dilution) forming an 
unstable colloidal hydroxide, of which the colour-intensity is the 
same as that obtained from the nitrate and chloride, namely, 
275—305 (p. 479). 

Solutions of the formate, acetate, and propionate of all concen- 
trations appear to be similar to the most dilute stable solutions of 
the inorganic salts, containing the iron in the lighter colloidal form. 
The values, about 170, are somewhat higher than those given for 
the colloidal hydroxide in other cases, and it is probable that a 
certain amount of the darker hydroxide is present in them; it 
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appears, also, that the whole of the lighter hydroxide present can 
be converted into the darker form by heat (250 being reached with 
the propionate, p. 478), this being ultimately converted by heat into 
insoluble hydroxide if much water is present, or into the stable 
ferri-compound if the solutions are more concentrated. 

The nature of the other organic iron compounds and the trans- 
formations which they undergo on dilution or heating has been 
sufficiently noted above (p. 478). 


Summary. 


Iron in ferric compounds may exist in five different conditions: 

(1) Both atoms in the electropositive or hydroxyl position: 
colour-intensity very small, probably ni/ as regards yellow light. 

(2) Both atoms in the electronegative portion of the molecule, 
directly united to the nuclear element of this portion (ferri-com- 
pounds): intensity about 20. 

(3) One atom in each of the two above conditions: intensity 10. 

(4) As ordinary colloidal hydroxide by the hydrolysis of electro- 
positive iron: intensity about 135. 

(5) As darker colloidal hydroxide, by the hydrolysis of electro- 
negative iron: intensity about 280. : 

The chloride (and probably bromide) exists in the conditions 
(1), (4), (5), and either (2) or (3). 

The sulphate exists as (1), (2), and in one or both the colloidal 
conditions. 

The oxalate is a normal ferric salt, with its iron in the con- 

4 dition (1). 

The formate, acetate and propionate exist normally as (4), but 
may, in some cases, probably in all, be obtained in the conditions 
(2) and (5). 

J The other organic compounds examined exist normally as (2) 
: (tartrate, glycollate, and, probably, maleate and ethylsuccinate), 
: or as (3) (racemate), or else in both these conditions, according to 
3 the concentration of the solution (citrate, lactate, glycerate and 7 
malate). When the more concentrated solutions of them are : 
heated, they form, or tend to form, the normal ferric salt 
(1) (racemate, malate, glycerate, tartrate and citrate); when the 
more dilute solutions are heated, they hydrolyse into the condition a 
(5) (racemate, malate, glycerate, tartrate, citrate and lactate). 
The only condition in which none of them has been obtained : 
is (4). 
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LIl.—Organic Derivatives of Silicon. Part XXII. 
The Condensation Products of Diphenylsilicanediol.* 
By Freperic Srantey Kippinc and Rosert Rosison. 


In the present paper we record the results of a further study of 
diphenylsilicanediol and of the open- and closed-chain condensation 
products derived from this diol (Kipping, T., 1912, 101, 2108, 
2125). The compounds which have now been obtained are of the 
following types, of which No. IV has not hitherto been described : 


I. HO-SiPh,-OH. 
II. HO-SiPh,°O-SiPh,-OH. 
III. HO-SiPh,-O-SiPh,-O-SiPh,-OH. 
IV. HO-SiPh,-O-SiPh,°O-SiPh,°O-SiPh,-OH. 
; O-SiPh, 
Vv. SiPh,<o.siph >? 
SiPh,-O-SiPb, 
VL O<GiPh;-0-SiPh> 
It will be seen that diphenylsilicone, SiPh,O, and also the closed- 
chain compound, Ph,Si<o>SiPh,, which theoretically might be 
formed from anhydrobisdiphenylsilicanediol (II), have not yet 


* In a previous paper (7, 1912, 101, foot note to p. 210) I mentioned the 
circumstances which led te the publication by Martin of a paper on some silicon 
compounds (Ber., 1912, 45, 403), and I pointed out that he had given a ‘‘ very 
erroneous ” account of diphenylsilicanediol ; having spent a good deal of time in 
proving the inaccuracy of his results, I was able to suggest exactly how and why, in 
my opinion, he had fallen into error. In his reply (7., 1913, 108, 119), Martin 
tried to show that his results were practically identical with mine and that I had 
misrepresented him. 

As to how far there is any resemblance between Martin’s account of diphenyl- 
silicanediol and my own, readers of the original papers (not Martin’s tabular 
comparisons) may judge. Whether I used the word isomeride or modification in 
reference to Martin’s two Modijikationen appears to me to be immaterial. as in my 
opinion his two modifications have no existence. I was not criticising his views, but 
his experimental results. His paper certainly suggested that he regarded his 
Modifikationen as isomerides, but if, as he now implies, he considered them to 
be merely different crystallographic forms, then his methods for the conversion 
of the one into the other seem inexplicable. 

In a later paper (Ber., 1912, 45, 2097), Martin published without my 
permission some further results of work carried out at my suggestion and under my 
supervision. I think it is only right to say that, after carefully considering all the 
experimental data at the time, I told him that I could not consent to the 
publication of the results, The whole of the evidence indicated that all the 
*‘compounds” subsequently described by him were complex mixtures and in my 
opinion the structural formule he assigns to these compounds are devoid of 


foundation. F. S. K. 
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been isolated. Although we have made several attempts to prepare 
these substances from diphenylsilicanediol and from anhydrobis- 
diphenylsilicanediol, we have not obtained any indication of their 
existence; these facts, together with the negative results of our 
efforts to produce the corresponding benzyl derivatives (Robison 
and Kipping, this vol., p. 40), seem to show that (a) the simple 
silicones, the analogues of the ketones, cannot be prepared from 
the diols, SiR,(OH),, owing to the readiness with which the latter 
undergo condensation, and (0) a closed-chain consisting of two 
silicon and two oxygen atoms linked together alternately is very 
unstable compared with one containing three or four atoms of both 
of these elements. 

The conditions under which diphenylsilicanediol and each of its 
open-chain condensation products undergoes change are, on the 
whole, very similar to those which are operative in the case of the 
corresponding benzyl derivatives. Small quantities of alkali 
hydroxide, or of piperidine, or of hydrochloric acid bring about 
condensation, with formation of one or both of the closed-chain 
compounds. The action, however, does not consist merely in the 
elimination of the elements of water; in all cases, apparently, 
hydrolysis and condensation occur simultaneously, and the nature 
of the final product is largely determined by that of the solvent 
employed and by the other conditions which prevail ; thus, although 
anhydrobisdiphenylsilicanediol in ethereal solution seems to be 
mainly converted into tetra-anhydrotetrakisdiphenylsilicanedio] in 
the presence of a small quantity of piperidine, an appreciable 
proportion of trianhydrotrisdiphenylsilicanediol is also produced. 
Under similar conditions, dianhydrotrisdiphenylsilicanediol does 
not give pure trianhydrotrisdiphenylsilicanediol, but a mixture of 
the latter witn a very considerable proportion of tetra-anhydro- 
tetrakisdiphenylsilicanediol. 

That the formation of any closed-chain compound from the 
corresponding open-chain compound is a reversible reaction is also 
clearly proved by the preparation of dianhydrotrisdipheny]lsilicane- 
diol from the trianhydro-derivative by the action of sodium hydr- 
oxide in acetone—ethereal solution; similarly, it has been found 
that trianhydrotetrakisdiphenylsilicanediol may be obtained from 
the tetra-anhydro-compound by hydrolysing the latter with sodium 
ethoxide in alcoholic chloroform solution, and may be reconverted 
into tetra-anhydrotetrakisdiphenylsilicanediol with the aid of 
sodium hydroxide or hydrochloric acid in alcoholic solution. 

In view of the facts just stated, it is clear that the relative 
solubilities of the two closed-chain compounds in a given solvent 
would have a preponderating influence on the relative proportions 

K K 2 
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in which the two substances would be obtained by evaporating a 
solution of any of the open-chain compounds in the given solvent 
with a particular reagent. Consequently, the results of experiments 
such as those referred to above give very little information as to 
the relative stabilities of the two closed chains, containing, respec- 
tively, three and four atoms of silicon and of oxygen. 

It would seem, nevertheless, that a fairly strong inference may 
be drawn from a direct comparison of the behaviour of anhydro- 
bis- and dianhydrotris-diphenylsilicanediol towards hydrochloric 
acid in methyl-alcoholic solution. Both these compounds are 
converted into trianhydrotrisdiphenylsilicanediol, and _ tetra- 
anhydrotetrakisdiphenylsilicanediol is not formed in appreciable 
quantities in either case; but the rapidity with which the condensa- 
tion occurs in the case of dianhydrotrisdiphenylsilicanediol is very 
much greater than in that of anhydrobisdiphenylsilicanediol. It 
seems, in fact, that the closed chain of three silicon and three 
oxygen atoms is easily and directly produced from dianhydrotris- 
diphenylsilicanediol, but that tetra-anhydrotetrakisdiphenylsilicane- 
diol, in spite of its slight solubility in methyl alcohol, is not formed 
from anhydrobisdiphenylsilicanediol, owing to the relative 
instability of the larger closed chain. 

A similar conclusion, namely, that the closed chain of three 
silicon and three oxygen atoms is the more stable one, may be 
drawn from the results of other experiments in which the condi- 
tions do not favour, although they do not preclude, hydrolysis ; 
thus by the action of heat on diphenylsilicanediol a much larger 
proportion of trianhydrotris- than of tetra-anhydrotetrakis- 
diphenylsilicanediol is formed ; again, when dianhydrotrisdiphenyl- 
silicanediol is heated it is almost quantitatively converted into 
trianhydrotrisdiphenylsilicanediol, whereas under similar conditions 
anhydrobisdiphenylsilicanediol gives a mixture of approximately 
equal quantities of trianhydrotris) and _ tetra-anhydrotetrakis- 
diphenylsilicanediol (Kipping, Joc. cit.). 

From these facts, and from the failure of our attempts to obtain 
a benzyl derivative corresponding with tetra-anhydrotetrakis- 
diphenylsilicanediol, we infer that the heterocyclic group of six is 
more stable than that of eight atoms. 

The crystallographic examination of the compounds described in 
this paper was carried out by Mr. Vernon Stott under the super- 
vision of Mr. A. Hutchinson, of the Mineralogical Laboratory, 
Cambridge; we are greatly indebted to these gentlemen for the 
reports which they have given us. 
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EXPERIMENTAL. 
Diphenylsilicanediol. 


The pure specimens of this compound, prepared more than a 
year ago (loc. cit.), have retained their properties; five melting- 
point tubes containing the crushed powder from one of the speci- 
mens were heated simultaneously, and in all cases the substance 
liquefied with effervescence at 128—132°. Diphenylsilicanediol, 
therefore, is stable at the ordinary temperature, and the great 
difficulties which attend its isolation (Joc. cit.) are due to its 
sensibility towards alkalis, acids, and other reagents. The crystals 
deposited by the spontaneous evaporation of its solution in ethyl 
acetate were examined, 

System: anorthic. Sub-class: holohedral. 

@:6:¢=0°5657 :1:1°700. 
a=90°2’; B=111°20! ; y=87°27!. 
Forms developed: 6(010), m(110), (110), c(001), 2(013), v(116). 


Table of Angles. 


Angle. . Limits. Mean. Calculated. 

010 : 110 63°2’ -65°33’ 64°23’ — 

110: 110 53°10’-55°52’ 55°40" at 
110 : 010 59°34’-61°37’ 60°51’ 60°57’ 
010 : 001 89°52’-90°30’ 90°11’ — 
110 : 001 70°28’—7 1°16’ 70°55’ 70°56’ 
110 : 001 70°49’—71°57’ 71°19" — 
010: 013 58°20’-61°40’ 60°31’ — 
110: 013 59°25’ 59°25’ 60°1’ 
110: 013 88°38’ 88°38’ 87°51’ 

The crystals are prismatic in habit. Of the prism faces b, m, 
and p, 6 and p are well developed, whilst m is but a small face. 
The angles of the prism zone, namely, bm=64°23’, mu=55°40/, 
pb =60°57! all approximate to 60°, and give the crystals a pseudo- 
hexagonal character. The crystals are terminated by three planes 
at each end. These are c(001), ¢(013), and v(116). The face c(001) 
is quite large, whilst ¢ and v are tiny bevels on the edges cb and 
cp! respectively. The faces ¢ and v are very bad ones, particularly 
the latter, from which no trustworthy measurements could be ob- 
tained. The faces as a whole were very bad from a goniometrical 
point of view, as may be seen from the range of the angles in the 
preceding table. 


Effect of Heat on Diphenylsilicanediol. 


Some experiments on the action of heat on diphenylsilicanediol 
have already been described (Joc. cit., p. 2137). At 140—180° the 
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diol loses approximately one molecule of water, and gives as the 
principal product trianhydrotrisdiphenylsilicanediol. Further 
experiments have shown that under these conditions a small pro- 
portion of the diol is converted into tetra-anhydrotetrakisdiphenyl- 
silicanediol, but even when these two compounds have been removed 
as far as possible there remains some oil which is readily soluble in 
petroleum containing a little chloroform. 

As it seemed possible that this oil might contain diphenyl- 
silicone or dianhydrobisdiphenylsilicanediol or both these com- 
pounds, a weighed quantity of the pure substance was heated in a 
xylene bath at about 125—128°. In the course of some hours it 
changed into a transparent glue, and at the end of about fifteen 
hours the total loss in weight amounted to 7°5 per cent., but the 
weight had not become quite constant; the theoretical loss for 
1 mol. of water is 8°3 per cent. The gelatinous or vitreous mass 
obtained in this way showed no signs of crystallising even when 
kept during some months, and it did not crystallise when it was 
treated with a little ethyl acetate; this last fact showed that, 
unlike the vitreous product formed at 140—180°, it did not 
contain a large proportion of trianhydrotrisdiphenylsilicanediol. 
The product was fractionally extracted with warm light petroleum, 
in which it was moderately easily soluble, and finally the whole 
passed into solution. The various extracts were then fractionally 
crystallised from mixtures of chloroform and light petroleum, and 
in this way a small quantity of dianhydrotrisdiphenylsilicanediol 
was isolated; the rest of the crystalline material seemed to consist 
of a mixture of anhydrobis- and dianhydrotris-diphenylsilicanediol, 
but a considerable proportion of the original product remained as 
an oil. 

Another sample of the pure diol was heated in a xylene bath 
at about 125—128°; the loss in weight was about 6°8 per cent. 
at the end of six hours, and 7°8 per cent. at the end of about 
twenty-six hours. From the product, anhydrobis- and dianhydro- 
tris-diphenylsilicanediol were isolated, but again there remained a 
considerable proportion of an oil, from which crystals could not be 
obtained, and neither of the closed-chain compounds seemed to have 
been: produced. 

As the loss in weight in these two experiments was not very 
different from that (8°5 per cent.) required for the elimination of 
one molecule of water from one molecule of the diol, and was 
therefore much greater than that corresponding with the produc- 
tion of dianhydrotrisdiphenylsilicanediol, or of a mixture of this 
compound and anhydrobisdiphenylsilicanediol, the results pointed 
to the formation of diphenylsilicone. The further examination of 
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the oily products just referred to did not, however, bear out this 
view ; when these oils were heated at about 200° a vigorous effer- 
vescence occurred, owing to the liberation of steam, and the 
products, treated with ethyl acetate, immediately crystallised. The 
solids thus obtained gave a small proportion of a very sparingly 
soluble powder, and crystals of trianhydrotrisdiphenylsilicanediol, 
together with what seemed to be tetra-anhydrotetrakisdipheny]l- 
silicanediol, The behaviour of these oily products was, in fact, just 
that of a mixture of anhydrobis- and dianhydrotris-diphenylsilicane- 
diol. When these oily products were submitted to distillation in 
steam the distillate was free from any visible suspended matter; 
since diphenylsilicone would probably be volatile in steam, this 
fact might be taken as evidence of the absence of this compound. 

If diphenylsilicone and dianhydrobisdiphenylsilicanediol are not 
formed when diphenylsilicanediol is heated, it would seem that a 
part of the loss which occurs must be due to the volatilisation of 
the diol or of its condensation products, or to its oxidation, 
followed by the volatilisation of some of the products of oxidation. 
A weighed quantity (0°478 gram) of the diol was therefore heated 
in a bromobenzene bath at a temperature which varied from 
130—140° in order to ascertain whether a loss greater than the 
theoretical would take place. At the end of six hours the loss was 
71 per cent., at the end of nine hours 7°8 per cent., at the end 
of fourteen hours 8°6 per cent., at the end of sixteen and a-half 
hours 9 per cent., and at the end of twenty-two hours it was 9°5 per 
cent. During the first period of heating the sides of the weighing 
bottle containing the substance became coated with oily drops, 
which extended right up to the neck of the bottle, but no increase 
in this deposit seemed to occur during the remaining periods. 

The vitreous product when rapidly heated to and kept at 200° 
during about five minutes evolved vapours which could be clearly 
seen ; the total loss in weight had then reached 10 per cent. It is 
evident, therefcre, that since the loss in weight is not entirely due 
to the escape of water vapour, the quantitative results cannot be 
taken as pointing to the formation of diphenylsilicone. The oily 
matter, in which the presence of this compound was suspected, 
is, no doubt, merely a mixture of anhydrobis- and dianhydrotris- 
diphenylsilicanediol, the separation of which, as already shown, is 
a task of very considerable difficulty, particularly when only small 
quantities of material are available. 


Action of Heat on Diphenylsilicanediol in Xylene Solution. 


As these experiments failed to give the desired products, the pure 
diol was heated in boiling toluene and boiling xylene solution. It 
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is moderately soluble in both these liquids at their boiling points, 
and the hot saturated solutions give when cooled a considerable 
deposit of the unchanged substance; if, however, the solutions are 
heated for a short time, decomposition sets in, with liberation of 
steam. In experiments with each of the solvents, in which the 
solutions were boiled for a short time only, dianhydrotrisdipheny]- 
silicanediol was isolated from the product. A xylene solution which 
had been boiled during one hour gave on evaporation a product 
which was readily and completely soluble in cold chloroform, and 
did not, therefore, contain any considerable proportion of the 
unchanged diol; from this product a large proportion of trianhydro- 
trisdiphenylsilicanediol was isolated, and smaller proportions of 
anhydrobis- and dianhydrotris-diphenylsilicanediol. There then 
remained a relatively very small quantity of a viscid oil, from 
which crystals could not be obtained. All these results seem to 
show that diphenylsilicone and dianhydrobisdiphenylsilicanediol 
are not formed in appreciable quantities by heating the diol alone 
or in solution; the diol first undergoes condensation, giving 
anhydrobis- and dianhydrotris-diphenylsilicanediol, and if the 
temperature is sufficiently high these compounds are almost com- 
pletely transformed into trianhydrotris- and tetra-anhydrotetrakis- 
diphenylsilicanediol, the former of which is always produced in 
much the larger proportion. 


Action of Piperidine on Diphenylsilicanediol. 


Diphenylsilicanediol undergoes condensation in acetone solution 
in the presence of a trace of piperidine. When such a solution 
was allowed to evaporate spontaneously, it gave a solid, somewhat 
sticky residue, which was readily and completely soluble in cold 
chloroform, and therefore did not contain any appreciable propor- 
tion of the original diol. This residue was gently warmed on a 
water-bath in order to expel the piperidine, and then dissolved 
in ethyl acetate; the solution ultimately deposited crystals of 
tetra-anhydrotetrakisdiphenylsilicanediol (m. p. 200°), together 
with a small proportion of a colourless powder, which was only 
sparingly soluble in ethyl acetate, and probably represented a 
condensation product more complex than tetra-anhydrotetrakis- 
diphenylsilicanediol. The mother liquors from the tetra-anhydro- 
compound gave crystals melting indefinitely from about 160° to 
170°, which were probably a mixture of trianhydrotris- and tetra- 
anhydrotetrakis-diphenylsilicanediol, but the presence of the former 
was not conclusively established. 
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Action of Ammonium Hydroxide on Diphenylsilicanediol. 


In the presence of a little ammonium hydroxide, dipheny]l- 
silicanediol undergoes condensation in acetone solution at the 
ordinary temperature, and the solution deposits an oil. From this 
product, with the aid of chloroform and light petroleum, crystals 
melting at 113°, which dissolved in a 5 per cent. solution of 
potassium hydroxide, were obtained; this substance was anhydro- 
bisdiphenylsilicanediol. In another experiment, carried out in a 
similar manner, the oily condensation product gave crystals melt- 
ing at 112°, which were insoluble in a 5 per cent. solution of 
potassium hydroxide; this product was dianhydrotrisdiphenyl- 
silicanediol. The closed-chain condensation products were not 
obtained in these experiments. 


Anhydrobisdiphenylsilicanediol. 


The crystals deposited from a mixture of chloroform and light 
petroleum were examined goniometrically. 

System: anorthic. Sub-class: holohedral. 

a:b:c=0°6536 :1:1°868. 
a=92°28/; B=115°40!; y=86°24!. 

Forms developed: 6(010), m(110), (110), c¢(001), (011), 

(114), 
Table of Angles. 


Angle. No. Limits. Mean. Calculated. 


010:110 10 61°5’ -62°1’ 61°36’ ae 
110:110 10 60°10’-61°33’ 60°58’ — 
110:010 10 56°40’-57°56’ 57°26’ 57°26’ 
010:011 20 29°52’-30°42’ 30°22’ —_ 
110: 24 52°18'-53°14’ 52°49’ 52°53’ 
110: 24 —- 105°44’-106°39’ 106°8’ 106°14 
010: 18 88°38’-89°29’ 89°4’ 89°0’ 
110: 20 66°41’-67°25’ 67°3’ ~ 
110: 20 68°26’-68°44’ 68°37’ 69°8’ 
011 : 00 ll 58°8’ -59°9’ 58°38’ ~— 
110:1 24 142°43’-143°19’ 143°’ 143°21’ 
010: Ii 24 —-119°5’ -119°55’ 119°31’ 119°29’ 
110: 24  — 105°22’-106°38’ 106°1’ 106°11’ 


The forms 6, m, and yp» constitute a prism zone; the forms 6 and 
m are large and p small. The angles of the prism zone are: 
bm=61°36’, mp=60°58’, pb!=57°26’. They all approach the 
value 60°, and so the crystals are pseudo-hexagonal. Of the three 
terminal forms, c(001) is much the largest, g and s being small 
faces on the edges be and m/c respectively. 
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Action of Piperidine on Anhydrobisdiphenylsilicanediol. 


When anhydrobisdiphenylsilicanediol is heated, it gives tetra- 
anhydrotetrakis and some _ trianhydrotris-diphenylsilicanediol, 
together with a small proportion of a colourless powder, which is 
probably a highly complex condensation product (Joc. cit. p. 2133) ; 
when treated with acetyl chloride it is converted principally into 
tetra-anhydrotetrakisdiphenylsilicanediol. 

In ethereal solution, in the presence of a small quantity of 
piperidine, it undergoes change, giving a mixture of products, 
which remains as an oil when the solution evaporates spontane- 
ously ; from this oil the transparent, rectangular crystals melting 
at about 184—186° (loc. cit., p. 2140) were obtained ; this observa- 
tion shows that both trianhydrotris- and tetra-anhydrotetrakis- 
diphenylsilicanediol had been produced, the former, however, in 
relatively small quantities. The action of the piperidine, therefore, 
is two-fold; it not only brings about the condensation of the 
anhydrobisdiphenylsilicanediol, but also hydrolyses some of this 
compound to diphenylsilicanediol, which then undergoes condensa- 
tion, giving a little trianhydrotrisdiphenylsilicanediol. 


Action of Hydrochloric Acid on Anhydrobisdiphenylsilicanediol. 


When a very small quantity of hydrochloric acid is added to a 
solution of anhydrobisdiphenylsilicanediol in methyl alcohol, no 
visible change occurs immediately, but after some time a small 
quantity of an oil is deposited. The solution, left to evaporate 
at the ordinary temperature, gives a residue which is partly crystal- 
line, partly oily. If the whole is treated again with methyl alcohol 
containing a little hydrochloric acid, and the solution is left to 
evaporate, the residue then contains a larger proportion of the 
crystalline product than before. This substance when freed from 
oil with the aid of alcohol, separates from ethyl acetate in colourless 
prisms, melting at 188°. It consists of pure  trianhydrotris- 
diphenylsilicanediol. The presence of the tetra-anhydro-derivative 
in the crude, crystalline product could not be detected. 

Hydrochloric acid, therefore, under the conditions stated, does 
not bring about the condensation of anhydrobisdiphenylsilicanediol, 
but hydrolyses it to the simple diol, which then undergoes con- 
densation. 


Dianhydrotrisdiphenylsilicanediol. 


The crystals deposited from a mixture of chloroform and light 
petroleum were examined. 
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System: anorthic. Sub-class: holohedral. 
a:b:c=0°5068:1:1°491. 
a==90°42/; B=106°56’; y=86°30’. 
Forms developed: (010), m(110), (110), c(001), 7(012), 
u(114). 


Table of Angles. 

Angle. No. Limits. Mean. Calculated. 
010: 110 66°42’—67°21’ 66°58’ — 
110: 51°4’-52°4’ 51°39’ — 
110: 60°4’-61°53’ 61°32’ 61°23 
010: 89°7’-90°5 1’ 90°19’ — 
110: 74°9’-74°55’ 74°35’ 74°34’ 
110: 74°167-75°28’ 75°1’ _ 
010: 54°42’ 54°42’ _— 
110: 63°11’ 63°11’ 63°33’ 
110: 0 94°50’ 94°50’ 93°54? 
010: : 67°34’-69°11’ 68°36’ 69°25” 
110:1 : 120°28’ —124°2’ 122°47’ 120°57’ 
110: 103°44’ -105°14’ 104°27’ 103°0’ 

The dominant forms are: 6(010), (110), and c(001). Many 
crystals are simply four-sided prisms, terminated by c planes. The 
prism face m is often missing, and when present it is only small. 
The face r(012) was present on one crystal oniy. Phe form u(114) 
was only developed on two crystals, and even then the faces were 
very poor ones, This accounts for the divergence between the 
calculated and measured angles. The crystals may be described as 
short, stumpy prisms. The prism angles show some approach to 
hexagonal development: bm=66°58! ; mu=51°39'; nb! =61°32’. 

If in the crystals of diphenylsilicanediol ¢ is given the indices 
(011) instead of (013), then v will become (112) instead of (116). 
The remaining indices would be unchanged. The axial ratios 
would now be 0°5657:1:0°5666 instead of 0°5657:1:1°700. 

Similarly, if in the crystals of dianhydrotrisdiphenylsilicanediol 
r is made (011) instead of (012), then w would be (112) instead of 
(114), and the remaining indices would be unaltered. The axial 
ratios would be: 

0°5068 : 1 :0°7455, 
instead of 0°5068 :1:1°491. 

To bring the axial ratios of the crystals of anhydrobisdipheny]- 
silicanediol into line, g would have to be made (031) instead of 
(011), and the ratios would then be 0°6536:1:0°6227 instead of 
0°6536:1:1°868. The indices of s(112) would then become (332). 


Action of Piperidine on Dianhydrotrisdiphenylsilicanediol. 


When an ethereal solution of dianhydrotrisdiphenylsilicanediol, 
to which a drop of piperidine had been added, was left to evaporate 
slowly at the ordinary temperature, it gave a somewhat brown and 
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oily residue, from which, with the aid of ethyl acetate, there was 
separated a small proportion of a colourless, very sparingly soluble 
powder. The ethyl acetate solution gave a crystalline deposit, from 
which pure tetra-anhydrotetrakisdiphenylsilicanediol was isolated. 
The mother liquors from this compound seemed to contain tri- 
anhydrotrisdiphenylsilicanediol, but the latter was not identified with 
certainty. It is obvious from these results that dianhydrotris-, 
like anhydrobis-diphenylsilicanediol, is hydrolysed by piperidine, 
the products of hydrolysis then undergoing condensation to the 
closed-chain compounds. 

In these circumstances the nature of the product or products 
doubtless varies with the conditions of the experiment, but a 
comparison of the results obtained by the action of piperidine 
on diphenylsilicanediol, anhydrobisdiphenylsilicanediol, and di- 
anhydrotrisdiphenylsilicanediol seems to show that the principal 
product is in all cases tetra-anhydrotetrakisdiphenylsilicanediol. 


The Action of Hydrochloric Acid on Dianhydrotrisdiphenyl- 
silicanediol. 


The action of hydrochloric acid on dianhydrotrisdiphenylsilicane- 
diol in methyl-alcoholic solution is very different from that of the 
same acid on anhydrobisdiphenylsilicanediol. After a few moments 
the solution becomes quite milky, owing to the separation of an 
oil, the quantity of which rapidly increases, and when the solution 
is evaporated at the ordinary temperature it gives a crystalline 
residue, which is free from any appreciable quantity of oil. The 
crystalline product seemed to be practically pure; when recrystal- 
lised from ethyl acetate it gave colourless prisms of pure trianhydro- 
trisdiphenylsilicanediol, melting sharply at 188°. 


Trianhydrotrisdiphenylsilicanediol. 


This closed-chain compound is hydrolysed by alcoholic potassium 
hydroxide, and finally gives a solution of the potassium derivative 
of diphenylsilicanediol; when the alcohol is evaporated and the 
residue is treated with a slight excess of dilute acetic acid, the diol 
is precipitated in the usual form (Kipping, loc. cit., p. 2116). 

If, however, hydrolysis is carried out very cautiously and the 
process is interrupted at a very early stage, the following reaction 
may be realised : 

o<SiPhoOS siph, + H,O = HO-SiPh,-O-SiPb,-O-SiPh,-OH 
SiPh,° at its 2 2 oe. 
For this purpose the trianhydro-derivative (0°25 gram) was 
dissolved in a mixture of acetone and a little ether, and a 3 per 
cent. aqueous solution of sodium hydroxide (0°05 gram) was added ; 
a few seconds later the solution was acidified with dilute acetic acid, 
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and the acetone and ether were rapidly evaporated at the ordinary 
temperature in a stream of air. The product was extracted with 
ether, the ether was evaporated, and the oily residue was treated 
with a little alcohol; the small proportion of insoluble matter, 
which doubtless consisted of unchanged trianhydrotrisdipheny]- 
silicanediol, was then separated by filtration. The alcoholic solu- 
tion, when rapidly evaporated at the ordinary temperature, gave 
an oil, which separated from a mixture of chloroform and light 
petroleum in colourless crystals; this product was pure dianhydro- 
trisdiphenylsilicanediol. 

Trianhydrotrisdiphenylsilicanediol, like the corresponding benzyl 
derivative, may also be converted into the open-chain compound by 
hydrolysing it with hydrogen chloride. The trianhydro-compound 
was dissolved in a mixture of chloroform and acetone, and a few 
drops of concentrated hydrochloric acid were added; after six 
hours the solution was neutralised with ammonium hydroxide, 
and the solvents were rapidly evaporated at the ordinary tempera- 
ture. The somewhat pasty residue was extracted with alcohol, and 
the solution was filtered from unchanged trianhydrotrisdiphenyl- 
silicanediol and evaporated; the oily residue consisted essentially 
of dianhydrotrisdiphenylsilicanediol, which was obtained in a state 
of purity by recrystallisation from a mixture of chloroform and 
light petroleum. 

Since hydrogen chloride condenses dianhydrotrisdiphenylsilicane- 
diol, the above hydrolysis is a readily reversible reaction, just as 
in the case of the corresponding benzyl derivative (Robison and 
Kipping, this vol., p. 40). The action of piperidine on tri- 
anhydrotrisdiphenylsilicanediol was also examined in acetone solu- 
tion. The product was a mixture, from which a small proportion of a 
powder, practically insoluble in acetone, was isolated; the remain- 
der seemed to consist of a mixture of trianhydrotris- and tetra- 
anhydrotetrakis-diphenylsilicanediol. 

The crystals of trianhydrotrisdiphenylsilicanediol, deposited from 
ethyl acetate solution, were measured. 

System: orthorhombic. Sub-class: bisphenoidal. 

a:b :¢=0°7750 :1:0°4993. 

Forms developed: a(100), 6(010), m(110), p(111). 


Table of Angles. 


Limits. Mean. Calculated. 
89°50’—90°7’ 90°0’ 90°0’ 
37°21’—38°12’ 37°48’ 37°48’ 
51°55’—52°29’ §2°12’ — 
59°54’-60°17’ 60°7’ 60°3’ 
66°58’—67°27’ 67°14’ — 
50°34’-51°13’ 50°484’ 50°50’ 
78°8’ —78°29’ 78°15? 78°23’ 
80°30’—81°27’ 81°3’ 80°57’ 
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The crystals occur in two well-marked habits. One of these is 
prismatic, a and b being large faces, whilst the m faces are small. 
In other cases the crystals are markedly tetrahedral. 


Trianhydrotetrakisdiphenylsilicanediol, 


HO-SiPh,-O-SiPh,*O-SiPh,*O-SiPh,-OH. 


This condensation product of diphenylsilicanediol, the most 
complex open-chain silicon compound so far obtained, may be 
prepared by cautiously hydrolysing tetra-anhydrotetrakisdiphenyl- 
silicanediol, 

O<SiPR-O-SiPn? +H,0 = HO-SiPi,-O*SiPh,-O-SiPh,*O-SiPb,-OH 

When the closed-chain compound is warmed with excess of 
alcoholic potassium hydroxide, it seems to be completely hydro- 
lysed, giving the potassium derivative of diphenylsilicanediol, but 
owing to the fact that tetra-anhydrotetrakisdiphenylsilicanediol is 
almost insoluble in alcohol, the reaction takes place rather slowly. 
In acetone solution hydrolysis takes place more rapidly, as the 
tetra-anhydro-derivative is more soluble in this liquid, but it is 
difficult to interrupt the process at the desired stage. Hydrogen 
chloride seems to have little effect on tetra-anhydrotetrakisdiphenyl- 
silicanediol ; when solutions of the substance in acetone or ether, 
or acetone and chloroform, are treated with a little concentrated 
hydrochloric acid, and kept during periods varying from thirty 
minutes to one day, most of the original compound is recovered 
unchanged, and only traces of a product soluble in cold alcohol 
are obtained. 

Under the following conditions, however, the partial hydrolysis 
of tetra-anhydrotetrakisdiphenylsilicanediol may be accomplished. 
The closed-chain compound is dissolved in chloroform, and a con- 
siderable excess (5—6 mols.) of an alcoholic solution of sodium 
ethoxide is added, care being taken to use sufficient chloroform to 
prevent the precipitation of the anhydro-derivative. After an 
interval of not more than one minute, a slight excess of very dilute 
acetic acid is added, the liquids are well shaken together, the chloro- 
form solution is separated, and the aqueous solution is extracted 
with a little chloroform. The combined chloroform extracts are 
rapidly evaporated at the ordinary temperature, and the solid 
residue is extracted two or three times with cold ethyl alcohol, 
which leaves undissolved a considerable proportion of the original 
tetra-anhydrotetrakisdiphenylsilicanediol. The filtered alcoholic 
extract is diluted with water and vigorously stirred; the precipi- 
tated trianhydrotetrakisdiphenylsilicanediol is then separated by 
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filtration, dried in the air, and crystallised several times from 
a mixture of chloroform and light petroleum. 

The yield by this method is rather poor, but the crude substance 
is not contaminated to any great extent with other products of 
hydrolysis ; moreover, the unchanged tetra-anhydrotetrakisdiphenyl- 
silicanediol, which is recovered, may be treated again, and the 
operations may be repeated until practically the whole of the 
original substance has been transformed into trianhydrotetrakis- 
diphenylsilicanediol. When attempts are made to increase the yield 
by allowing a longer time to elapse between the addition of the 
sodium ethoxide and the neutralisation with acetic acid, although 
a larger proportion of the tetra-anhydro-compound is hydrolysed, 
the product is a mixture, from which it is difficult to isolate the 
components; this is so even when the theoretical quantity of 
sodium ethoxide is used. 

Trianhydrotetrakisdiphenylsilicanediol separates from a mixture 
of ether and light petroleum in short, colourless prisms; when 
heated moderately quickly it melts sharply at 128°5°, but when 
heated very slowly it sinters at about 127°, probably owing to 
incipient decomposition. 

The samples for analysis were dried over sulphuric acid: 

0°1572 gave 04091 CO, and 0°0736 H,O. C=71'°0; H=5'2. 

0°1965 ,, 05124 CO, ,, 0°0932 H,O. C=711; H=5'3. 

C,,H,,0;Si, requires C=71°0; H=5'2 per cent. 

The molecular weight was determined by the cryoscopic method 
in benzene solution: 

0°262 in 12°1 benzene gave At —0°12°. M.W.=884. 

0-494 ,,121 ,, » At —0°23°. M.W.=870. 

C,,H,,0;Si, requires M.W.=811. 

These results, like those obtained under similar conditions in 
the case of the other open-chain condensation products of dipheny]l- 
silicanediol, are higher than the theoretical values, but the extent 
of association, as indicated by the experimental results, rapidly falls 
as the molecular weight of the condensation product rises; this is 


shown by the following data: 
MW. M.W. Difference, 
(Found). (Calculated). per cent. 


Anhydrobisdiphenylsilicanediol 414 38 
Dianhydrotrisdiphenylsilicanediol 613 23 
Trianhydrotetrakisdiphenylsilicanediol 877 81l 8 
Trianhydrotetrakisdiphenylsilicanediol resembles the other two 
open-chain condensation products of diphenylsilicanediol. It 
separates from a mixture of ether and light petroleum in massive, 
transparent prisms, and is readily soluble in chloroform, acetone, 
and most of the ordinary solvents, but only sparingly so in cold 
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ethyl alcohol, and practically insoluble in cold light petroleum. It 
does not dissolve appreciably in a 5 per cent. solution of potassium 
hydroxide. 


Conversion of Trianhydro- into Tetra-anhydro-tetrakisdiphenyl- 
silicanediol. 


The conversion of trianhydro- into tetra-anhydro-tetrakis- 
diphenylsilicanediol is easily accomplished. When an alcoholic 
solution of the former is warmed with a trace of sodium hydroxide, 
a crystalline precipitate is soon formed, and in a short time most 
of the dissolved trianhydro-derivative has undergone the desired 
transformation ; the air-dried precipitate melts at 200°, and when 
recrystallised once from ethyl acetate it melts sharply at 201°, and 
consists of pure tetra-anhydrotetrakisdiphenylsilicanediol.. 

When an alcoholic solution of trianhydrotetrakisdiphenylsilicane- 
diol is warmed with a few drops of concentrated hydrochloric acid, 
a precipitate forms much more slowly than when sodium hydroxide 
is used, and the tetra-anhydrotetrakisdiphenylsilicanediol which is 
deposited is impure; the air-dried precipitate melts from about 
187° to about 200°, but when recrystallised from ethyl acetate it 
gives a deposit of pure tetra-anhydrotetrakisdiphenylsilicanediol. 
The results of the action of sodium hydroxide and of hydrogen 
chloride vary, however, with the conditions of the experiment; if, 
for example, an alcoholic solution of trianhydrotetrakisdiphenyl- 
silicanediol is treated with a drop of concentrated hydrochloric 
acid and left at the ordinary temperature for a day or two, it 
deposits crystals melting at about 185°, which probably consist 
of a mixture of trianhydrotris- and tetra-anhydrotetrakis-dipheny]l- 
silicanediol (Kipping, loc. cit., p. 2140). This is due, no doubt, to 
the fact that the acid causes both hydrolysis and condensation to 
occur, just as it was shown to do in the case of dianhydrotrisdi- 
benzylsilicanediol (Robison and Kipping, Joc. cit.). 

Trianhydrotetrakisdiphenylsilicanediol may also be converted 
into the tetra-anhydro-derivative with the aid of heat. The open- 
chain compound seems to begin to decompose at about 135°, but 
the action does not become rapid until the temperature has risen to 
about 180—190°; at this stage the escape of bubbles of steam may 
be clearly observed, but when the liquid mass has been heated at 
190—200° during about fifteen minutes, decomposition seems to 
cease. The cooled product is a vitreous solid, which crystallises on 
the addition of a little ether, and from which cold alcohol extracts 
only a small proportion of soluble matter; the residue melts 
indefinitely at about 185°, but when repeatedly recrystallised from 
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hot acetone it gives pure tetra-anhydrotetrakisdiphenylsilicanediol 
(m. p. 200°). 

Although it was thus proved that the open-chain is converted 
into the closed-chain compound by the action of heat, the reaction 
does not take place quantitatively; the crude tetra-anhydro-deriv- 
ative is mixed with a certain proportion of some substance which 
lowers its melting point, and which is only removed with difficulty. 
This other product is in all probability trianhydrotrisdiphenyl- 
silicanediol, because the mother liquors from the pure tetra- 
anhydro-derivative yield a residue which separates from cold ethyl 
acetate in large, transparent rhombs, and these crystals have the 
properties of the crystalline mixture of trianhydrotris- and tetra- 
anbydrotetrakis-diphenylsilicanediol previously described (loc. citt., 
p- 2140). The formation of trianhydrotrisdiphenylsilicanediol 
could be easily accounted for on the assumption that some of the 
trianhydrotetrakisdiphenylsilicanediol is partly hydrolysed to 
dianhydrotrisdiphenylsilicanediol and diphenylsilicanediol by the 
steam which is liberated during the formation of the tetra-anhydro- 
compound. 


T'etra-anhydrotetrakisdi phenylsilicanediol. 


The well-defined, almost rectangular plates in which this 
compound is sometimes deposited from ethyl acetate solution at 
the ordinary temperature were measured. 

System: anortbic. Sub-class: holohedral. 

a:6:c=0°5614:1:0°5770. 
a= 83°56! ; B=103°52!; y=96°44’. 

Forms observed: {100}, b{010}, c{001}, m{110}, g{011}, 
y{120}. 

Table of Angles. 


Angle. No. Limits. Mean. Calculated. 
010: 110 3 56°23’-57°16’ 56°56’ 57°64 
110: 100 4 27°13’—27°48’ 27°30’ 27°25’ 
100 : i20 10 50°32’—-50°46’ 50°38’ — 
120: 010 6 44°46’—44°59’ 44°504’ — 
010 : 001 8 94°26’-94°53’ 94°37’ — 
110: 00] 6 80°39’-81°57’ 81°8’ 80°58” 
100 : 001 11 76°31’—76°47’ 76°41’ “= 
120: 001 12 76°29’-77°18’ 76°54)’ 76°57} 
010: O11 _— _ — 64°8’ 
110: O11 1 65°27’ 65°27’ — 
100: O11 1 74°38’ 74°38’ 75°9’ 
120: 011 1 98°31’ 98°31’ 99°3’ 


The crystals are flat, almost square plates, the pinacoid a{100} 
being predominant, and the forms 0{010} and c¢{001} being 
developed along the edges of the plates. 

CL. CV. LL 
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As diphenylsilicone could not be obtained by heating diphenyl- 
silicanediol, the action of heat on tetra-anhydrotetrakisdipheny]l- 
silicanediol was studied ; it seemed possible that at a high tempera- 
ture the last named compound might decompose, yielding diphenyl- 
silicone, just as paraformaldehyde, for example, gives formaldehyde. 

In order to avoid atmospheric oxidation, a small quantity of the 
pure substance was heated in a bent tube in an atmosphere of 
coal gas; it distilled at a very high temperature, giving a colourless 
distillate, and no appreciable charring took place. The distillate 
solidified immediately to a hard mass, which was free from any 
appreciable quantity of oily matter, and melted from about 
180—185°. On crystallisation from ethyl acetate the product was 
deposited in the well-defined, rectangular plates described above, 
but these melted indefinitely from about 185—190°, and it was 
only after three or four further recrystallisations that pure tetra- 
anhydrotetrakisdiphenylsilicanediol (m. p. 200—201°) was _ ob- 
tained. In spite of this fact, the original product of distillation 
seemed to consist almost entirely of the one substance. The small 
proportion of impurity which was certainly contained in it, and 
which was so difficult to remove, was not definitely identified, but 
in all probability it consisted of trianhydrotrisdiphenylsilicanediol. 
The most soluble deposit obtained from the last ethyl acetate 
mother liquors melted at about 180-—185°, and contained a very 
small proportion of crystals, which did not become opaque when 
heated, but melted at 186—188°; this substance was doubtless 
trianhydrotrisdiphenylsilicanediol. It is obvious from these results 
that diphenylsilicone is not formed in appreciable quantities under 
the above conditions. 
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LIl.—The Progressive Bromination of Toluene. 
By Jutius Brerenp Cowen and Pavirra Kumar Dott. 


THE general rules of substitution in the benzene nucleus have been 
arrived at mainly from the study of the di-substitution products. 
The formation of tri-derivatives has been examined only in a few 
cases. Cohen and Dakin published a series of papers during 
1901—1904 on the progressive chlorination of toluene. With the 
object of discovering some general rule they studied the orienta- 
tion of the entrant chlorine atom where one or more were already 
present in the nucleus. 

Their results in the case of chlorination of the isomeric mono- 
chlorotoluenes may be briefly stated as follows (T., 1901, 79, 1111): 

The ortho- and para-compounds yield all the possible isomerides, 
whereas the meta-compound gives only two out of the four, neither 
the 2:3- nor the 3:5-compound being formed. 

The only investigation which we have been able to find on the 
nature and amount of the products of bromination, is one by 
A. K. Miller (T., 1892, 61, 1023). Ortho- and para-bromotoluenes 
were brominated by keeping the substances in contact with the 
calculated quantity of bromine for several days with the addition 
of a trace of iodine. Miller found that the ortho-compound gives 
two out of four possible dibromotoluenes, and the para-compound 
gives both of the possible derivatives. He also obtained a tribromo- 
toluene melting at 112—113° from the products of bromination of 
p-bromotoluene, the substance being identical with the 2: 4: 5-tri- 
bromotoluene (m. p. 111°2—112°8°) obtained indirectly by Nevile 
and Winther (Ber., 1880, 18, 970). 

In comparing these results with those of the chlorination of 
toluene considerable discrepancies appear, and in considering this 
difference in the orienting effect of the two halogens we thought it 
desirable to repeat Miller’s work and extend it along the same 
lines as previously followed in studying the chlorination of toluene. 

It was therefore necessary to prepare at the outset the six iso- 
meric dibromotoluenes and such of their derivatives as would afford 
the best means of identification. The following table gives a list 
of these derivatives and their melting points. They have been 
prepared for the most part in the same way as the derivatives of 
the dichlorotoluenes (T., 1901, 79, 1111), and hence many of the 
details of the processes have, been omitted in this paper. For com- 
parison the melting points of the corresponding dichloro-compounds 


are subjoined. 
LL 2 


COHEN AND DUTT: 


Melting Points of Derivatives of the Dibromotoluenes. 


Mono- Sulphonyl Sulphon- Benzoic 
Substance. nitro-. Dinitro-. chloride. amide. acids. 
:3 (m. p. 30—31°) 58—59° 107—109° 93° 214° 149—150° 
129—130 86—88 212—213 168—169 
142—143 73—74 210—211 153 
161—162 101 204 146—147 
129—130 104—105 212 229—230 
f156—157 \ — 
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Melting Points of Derivatives of the Dichlorotoluenes. 


71—72° liquid 222° 163° 
104 71 176 159—160 
100—101 45—46 191—192 153 
121—122 liquid 207 139—140 
91-5—92-5 81 190—191 200—201 
61—62 99—100 44—45 168—169 182—183 
* Nevile and Winther (Ber., 1880, 18, 970 ; 1881, 14, 419), from a preparation of 
the 2: 6-compound obtained indirectly from m-toluidine, give 56°8—57°, to which 
they assign the constitution 2: 6-dibromo-p-nitrotoluene. We have recently dis- 
covered a paper by J. J. Blanksma (Chem. Weekblad., 1912, 9, 968), in which the 
author gives the melting point of the mononitro-compound as 50° and that of the 
dinitro-derivative 161° (their constitution being 2: 6-dibromo-3-nitro- and 2: 6- 
dibromo-3 : 5-dinitro-toluenes respectively), results which agree substantially with ours. 


G2 2 bo bo be bo 


It will be seen from the above table that in the case of the di- 
bromotoluenes the melting points of the dinitro-derivatives and the 
dibromobenzoic acids present the widest range of temperature, 
whereas those of the sulphonamides are too close together to be satis- 
factorily used as a means of identification. The crystalline appear- 
ance and solubilities of the barium sulphonates have afforded a use- 
ful method of distinguishing between the 2: 5-compound, which 
forms highly refractive rhombohedral prisms, the 3: 4-compound, 
which crystallises in thin plates, and the sulphonates of the 2: 3- 
and 2: 4-compounds, which are much more soluble and crystallise 
in needles. Advantage was also taken of the insolubility of the 
sulphonic acid of the 3 : 5-compound. 

On the same principle we have carried our investigation as far 
us the tribromotoluenes in order to see in what respects the results 
of bromination of the dibromotoluenes differ from those of chlor- 
ination of the dichlorotoluenes (Cohen and Dakin, T., 1902, 81, 
1324). 

Each ‘of the six isomeric dibromotoluenes was brominated 
separately, and the products in each case were examined by com- 
paring them with the derivatives of the tribromotoluenes prepared 
for this purpose. The tribromotoluenes have been obtained syn- 
thetically by various methods, and their derivatives, such as nitro-, 
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dinitro-tribromotoluenes and tribromobenzoic acids, have also been 
obtained. The preparation and constitution of all the six isomeric 
tribromotoluenes have been described by Nevile and Winther (Ber., 
1880, 18, 974; 1881, 14, 419), but not of their derivatives. 

The following table gives a list of the melting points of the 
tribromotoluenes and their derivatives as determined by ourselves: 


Substance, Mononitro-. Dinitro-. Benzoic acids. 
. p. 44—45°)... 107—108° 197—199° 197—198° 
67—68 \ 


53—54°)... 4 98.5 90 209—210 193—194 


: 

. p. 58—59°)... 91—92 202—203 not oxidisable 
. p. 112—113°) 130—131-5 278—279 195—196 

. p. 65—66°)... 74—75-5 217—218 186—187 

. p. 88—S89°)... 104—105 211-5 235 


The methods adopted for separating and identifying the products 
will be referred to individually. In some cases the melting points 
and solubilities of the dinitro-compounds furnish the best means, 
whereas in others those of the benzoic acids are most suitable, 
especially in dealing with the diortho-substituted acids, which are 
not esterified by Fischer and Speier’s method. 

While engaged in this investigation we also studied the formation 
of monobromotoluenes from toluene in order to see whether any 
trace of the meta-compound was formed in the reaction. It is 
well-known that the first action of bromine on toluene gives the 
ortho- and para-compounds in the proportion of about 40 per cent. 
of the former to 60 per cent. of the latter. No evidence exists 
as to the presence’of the meta-compound in the final product, which 
may be due to the small quantity present in the mixture. 

This was found to be the case, a small quantity of m-bromo- 
toluene being formed with the ortho- and para-compounds. 

In continuation of this investigation the chlorination of the mono- 
bromotoluenes and the bromination of the monochlorotoluenes are 
being examined. 


EXPERIMENTAL. 
For purposes of reference the experimental part has been sub- 
divided as follows: 
I. Bromination of toluene. 
II. (a) Preparation of the six isomeric dibromotoluenes. 
(6) Bromination of the isomeric monobromotoluenes. 


III. (a) Preparation of the isomeric tribromotoluenes and their 
derivatives. 


(2) Bromination of the isomeric dibromotoluenes. 


COHEN AND DUTT: 


Part I.—The Bromination of Toluene. 


The bromination was effected by dropping 26°5 c.c. of bromine 
into 46 grams of freshly distilled and chemically pure toluene 
containing a few pieces of freshly prepared aluminium-mercury 
couple (about 0°5 gram), the operation being conducted in the 
same way as in the preparation of bromobenzene (Cohen and Dakin, 
T., 1899, 76, 894). The product, after being washed with sodium 
hydroxide solution, was dried over calcium chloride and distilled. 
The fraction distilling at 180—190° was collected separately 
(40 grams). Twenty-five grams of this fraction were oxidised to 
bromobenzoic acids by heating in sealed tubes with dilute nitric 
acid (1HNO, : 3H,O) at 130—135° for six hours. After cooling, 
the contents of the tubes were treated with sodium hydroxide solu- 
tion, and the unchanged bromotoluenes removed by shaking with 
chloroform. The free acids were then liberated by the addition 
of hydrochloric acid to the clear alkaline solution, collected, and 
crystallised fractionally from dilute alcohol. 

After repeated crystallisation, a fraction was obtained melting 
at 135—145°. This was then converted into the acid chloride by 
means of phosphorus pentachloride in the usual way, and the 
methyl ester prepared by treating the acid chloride with methyl 
alcohol. The mixed methyl esters were then distilled fractionally 
under diminished pressure. From this a portion was obtained 
which solidified in the condenser tube, and also in the receiver after 
cooling. The solid portions on crystallising twice from dilute 
alcohol gave 0°3 gram of ester melting at 29°31°. The melting 
point of the methyl ester of the metabromobenzoic acid is 31°32°. 
The only other ester which melts very near to this is the 2:4-di- 
bromo-derivative melting at 33°. In order to confirm the presence 
of m-bromobenzoic acid, 0°2 gram of the ester was hydrolysed with 
alcoholic potassium hydroxide, and the acid liberated by means of 
hydrochloric acid. After crystallising twice from hot water, it 
melted at 155—156°, and thus the presence of m-bromotoluene in 
the original product was confirmed. The 2 : 4-dibromobenzoic acid 
melts at 168—169°. 


Part II.—(a). Preparation of the Six Isomeric Dibromotoluenes. 


The 2 : 3-, 2: 4-, and 2 : 5-dibromotoluenes were prepared from 
the corresponding nitrotoluidines (Cohen and Zortman, T., 1906, 
89, 49). The 2 : 3-compound was also obtained by Wynne’s method 
from o-toluidinesulphonic acid, which gave a better yield than that 
from the nitrotoluidine (T., 1892, 61, 1040), and from 6-bromo- 
o-toluidine by the method described on p. 514. The 2: 4-compound 
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was also obtained by brominating p-nitrotoluene in the presence 
of iron (Scheufelen, Annalen, 1903, 231, 171), and then reducing 
the 2-bromo-4-nitrotoluene (m. p 76—77°) formed in the reaction, 
and finally replacing the amino-group by bromine. The 2 :5-com- 
pound was also obtained from both m-acetotoluidide and o0-aceto- 
toluidide by bromination, and then replacing the amino-group by 
bromine. 

The 3 : 4-compound was obtained from the corresponding nitro- 
toluidine and also from pacetotoluidide by bromination. 

The 3 : 5-compound was prepared by removing the amino-group 
from 3 : 5-dibromo-p-toluidine by diazotising in alcoholic solution, 
the latter substance being obtained by brominating pacetotoluidide 
or p-toluidine itself. 

The 2:6-compound was prepared from 2:6-dinitrotoluene by 
alternate reduction and diazotisation. The conversion of 6-bromo- 
o-toluidine into dibromotoluene cannot be effected satisfactorily 
in the ordinary way; if diazotisation is carried out in hydrobromic 
acid, the diazoamino-compound is produced, and a very little of the 
dibromotoluene ; if in presence of hydrochloric acid and subsequent 
treatment with cuprous bromide in hydrobromic acid, a mixture 
of chlorobromo- and dibromo-toluene is produced. 

The method finally adopted was as follows: Seventeen grams 
of 6-bromo-o-toluidine were dissolved in 100 c.c. of absolute alcohol, 
to which were added 60 c.c. of hydrobromic acid. Twelve c.c. of 
amyl nitrite were then slowly run in keeping the temperature below 
20°. The mass became almost solid, and was filtered and washed 
with alcohol. It was then dissolved in hydrobromic acid and cooled 
to 0°, and the mixture left in ice for an hour. It was then distilled 
in steam, the distillate extracted with chloroform, dehydrated over 
anhydrous sodium sulphate, the chloroform distilled off, and the 
residue distilled under diminished pressure from a paraffin-bath. 
The major portion (12 grams) was collected at 122°/23 mm. as a 
colourless liquid (m. p. 5—6°). 

Before this method was finally adopted, two others given below 
were tried, but these were found to be tedious and inconvenient, 
and, in addition, gave very poor yields: 

1. From 2:6-dibromo-4-nitro-m-toluidine (Nevile and Winther, 
Ber., 1880, 18, 974), which again was prepared from mz-aceto- 
toluidide, as described under 2:3 :6-tribromotoluene (see later). 

2. From 2-bromo-4-nitrotoluene, by bromination in presence of 
iron (Scheufelen, Annalen, 1903, 281, 178). By this method a 
portion only of the bromonitrotoluene is converted into the 2 :6-di- 
bromo-compound when heated in sealed tubes, and the separation of 
the two constituents is very difficult. 
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Part II.—(b). The Bromination of the Isomeric Monobromo- 
toluenes: Bromination of o-Bromotoluene. 


The process was carried out in the following way, and was applied 
without modification to the other bromotoluenes. 

Fifty-two grams of o-bromotoluene were dissolved in an equal 
weight of carbon tetrachloride in a flask provided with a reflux 
condenser, and 0°5 gram of aluminium-mercury couple was added. 
The liquid was cooled in ice, and 12 c.c. of bromine in an equal 
volume of carbon tetrachloride were slowly dropped in from a 
tap-funnel attached to the upper end of the reflux condenser. 
Substitution takes place rapidly; after some time the product was 
poured into water, shaken with sodium hydroxide solution, de- 
hydrated and distilled under diminished pressure. Thirty-seven 
grams, boiling at 130—133°/15 mm., were obtained, about 10 grams 
of a fraction of lower boiling point, consisting chiefly of unchanged 
product, and about 1 gram boiling above 133°. The process was 
repeated several times with about the same quantity of material 
and with similar results. 


Sulphonation of the Mixed Dibromotoluenes. 


Thirty-three grams of the above product were mixed with 64 
grams of fuming sulphuric acid, shaken, and then heated on the 
water-bath, until a test sample dissolved completely in water. After 
cooling, the liquid was poured into water and boiled with excess 
of barium carbonate, filtered, and the residue extracted repeatedly 
with boiling water, until no more dissolved. On cooling 37 grams 
of the barium sulphonate crystallised, having the appearance of 
large, highly refractive, rhombohedral plates, characteristic of the 
2:5-compound. The mother liquors were concentrated to a small 
bulk, and deposited 1°5 grams of needles. Both fractions were 
treated separately with phosphorus pentachloride and subsequently 
with ammonium carbonate, to convert the sulphonyl chloride into 
the sulphonamide, and the product crystallised from alcohol. The 
less soluble salt crystallising in plates gave a sulphonamide melting 
at 207° (2: 5=210—211°), and the sulphonamide obtained from the 
more soluble salt, crystallising in needles after three recrystallisa- 
tions, melted at 209° (2:4=212°). Although, as stated above, the 
melting points of the sulphonamides afford no definite indication 
of the isomerides present in a mixture, the characteristic appear- 
ance of the barium salt of the 2:5-compound distinguishes it quite 
sharply from the other three isomerides. The results of nitration 
and oxidation leave no doubt that the other barium salt is that 
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of the 2:4-compound. The result confirms Miller’s observation 
that the main product of bromination of the ortho-compound is 
the 2 :5-derivative. 


Nitration of the Mixed Dibromotoluenes. 


The mixed dibromotoluenes were converted into the dinitro- 
compounds by heating with fuming nitric acid and concentrated 
sulphuric acid on the water-bath, pouring into water, and fraction- 
ally crystallising the product. 

After repeated crystallisation from alcohol, the substance was 
separated into two fractions, a large fraction crystallising in fine 
needles and melting at 142—143° (2:5=142—143°), and a small 
fraction crystallising in prisms with pointed ends characteristic of 
the 2: 4-compound and melting at 124—126° (2: 4=129—130°). 
The result is in entire agreement with that derived from sulphon- 
ation. The 2:4-compound formed a small proportion of the mixture 
and was not quite pure. Very careful examination was made for 
the 2:6-dinitro-compound, which has a much higher melting point 
than any of the other isomerides, but without result. 


Oxidation of the Mixed Dibromotoluenes. 


An attempt was made to repeat Miller’s method of oxidation 
by boiling the dibromotoluenes with dilute nitric acid at the 
ordinary pressure, but although the process was repeated with 
different preparations and different strengths of acids and con- 
tinued for a week at a time, scarcely any acid was formed, and we 
are unable to explain Miller’s result. Ullmann’s permanganate 
method was also tried ineffectually. The oxidation was then carried 
out in sealed tubes at 130° with dilute nitric acid (1HNO,:3H,0). 
Fifteen grams were taken, and at the end of three hours the 
material was completely oxidised. The solid product was dissolved 
in sodium hydroxide solution, shaken with ether to remove impuri- 
ties, and the acid precipitated with hydrochloric acid. It was then 
esterified by Fischer and Speier’s method in the hope of separating 
any 2:6-compound which would remain unesterified. The amount 
left unchanged was, however, so small as to be scarcely weighable, 
and the absence of the 2:6-compound confirmed. 

In a second oxidation, the mixed acids were separated by frac- 
tional crystallisation of the barium salts. The acid obtained from 
the main fraction crystallised from alcohol in silky needles melting 
at 150°, which is very nearly the melting point of the 2:5-acid. A 
very small quantity of the 2:4-acid was also separated, melting, 
although not sharply, at 169°. 


COHEN AND DUTT: 


Bromination of m-Bromotoluene. 


The meta-compound was brominated in the same manner as the 
ortho-compound. Ten grams of m-bromotoluene gave 11°5 grams, 
boiling at 139—142°/36 mm., which was practically the whole of 
the product. In a second preparation a small quantity of residue 
solidified, and was identified as 2:4:5-tribromotoluene. 


Sulphonation of the Mixed Dibromotoluenes. 


The sulphonation was carried out as described in the foregoing 
section, and the barium salts were extracted with water. The 
barium salt was separated by crystallisation into four fractions. 
From the first fraction after repeated crystallisation a small 
portion was obtained, which, on treatment with phosphorus penta- 
chloride, gave a sulphony] chloride melting at 98—101° (3:4, m. p. 
104—105°), which on being converted into the amide melted at 212°. 
It was evidently the 3:4-derivative, and formed only a small 
proportion of the whole mixture. The last fraction was treated in 
the same way, and gave a sulphonyl chloride melting at 73—74° 
and amide melting at 210—211°. This was evidently the 2 :5-com- 
pound. The intermediate fractions were less pure, and were not 
fully examined. The crystalline appearance of the barium salts in 
the last three fractions was also characteristic of the 2 :5-compound. 
No indication was obtained of the presence of the 2:3-compound. 
In order to test for the presence of any trace of the 3:5-compound, 
about 3 grams of the mixed dibromotoluenes were heated on the 
water-bath for fifteen minutes with about an equal weight of weakly 
fuming sulphuric acid, and then poured into water. A little white 
precipitate settled on keeping, which was found to be insoluble 
in boiling water, characteristic of the 3:5-compound. The residue 
was then heated on platinum foil to test for any mineral matter, 
which was found to be absent, but it burned with a smoky flame 
and disappeared. From this we infer the presence of a trace of the 
3:5-compound in the bromination product. 


Nitration of the Mixed Dibromotoluenes. 


The nitration was effected in the same way as before. From 
10 grams of the mixed dibromotoluenes 12 grams of crude nitro- 
compounds were obtained, which, after several recrystallisations 
from benzene and light petroleum, gave 3 grams of nearly pure 
dinitro-compound of 2:5-dibromotoluene melting at 140—142°. 
The mother liquor on evaporation gave a solid residue of indefinite 
melting point, and was therefore re-nitrated and treated in the 
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same way as above. In this way 1 gram of the 2:5-compound was 
obtained, and the rest of the material consisted of an oily mass, 
from which a solid separated on keeping, melting completely, but 
not sharply, at 123°, and no definite substance could be isolated 


from it. 
Oxidation of the Mixed Dibromotoluenes. 

The material was oxidised in sealed tubes at 130°, as previously 
described in the case of the products from o-bromotoluene, and gave 
a product melting indefinitely from 125° to 150°. After repeated 
crystallisation, a pure acid crystallising in needles melting at 231° 
was obtained, which is that of the 3:4-compound. The mother 
liquors yielded an acid melting at 146—148°, which is the impure 
2:5-acid, melting at 153°, and formed the main bulk of the 
product. . The 3:5-acid was present in too small a quantity to be 
detected by this method. 

These results furnish evidence of the presence of 2:5- as the 
main product, the 3:4-, and a trace of the 3 :5-derivatives out of the 
four possible isomerides, a result which agrees substantially with 
that obtained on chlorination. 


Bromination of p-Bromotoluene. 


In brominating p-bromotoluene, 20 grams of the substance were 
taken, and yielded 13 grams of dibromotoluenes boiling at 
135—145°/36 mm. A small quantity of residue solidified, and after 
crystallisation melted at 112°, and was 2:4:5-tribromotoluene. 
Only two isomerides can be formed from p-bromotoluene, namely, 
the 2:4- and 3:4-compounds, but as the melting points of the 
dinitro-compounds and sulphonamides lie too near together to offer 
a satisfactory means of identification, recourse was had to oxidation 
and the formation of the dibromobenzoic acids. 


Oxidation of the Mixed Dibromotoluenes. 


The oxidation was performed as previously described, and the 
product was dissolved in a solution of sodium carbonate, and shaken 
with ether to remove a small quantity of an oily substance. The 
acids were liberated, and converted into the barium salts and frac- 
tionated. In this way two fractions were separated. From, the less 
soluble portion hydrochloric acid precipitated an acid, which 
crystallised from dilute alcohol in needles, and melted at 228° 
(3:4-acid). The mother liquor after evaporation to a small bulk 
was fractionally precipitated by hydrochloric acid. The last 
fraction gave an acid melting at about 158°, which, after crystal- 
lisation, melted at 166—168° (the 2:4-acid melts at 169°), and 
formed the main bulk of the product. 
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Part III.—(a) Preparation of the Isomeric Tribromotoluenes 
and their Derivatives. 


In describing the preparations in this section, the main outlines 
of the processes have been indicated, but no details of experiments 
have been given. 

2:3:4-Tribromotoluene. 


The starting point for the preparation of this substance was 
3-bromo-p-acetotoluidide, which by nitrating in a mixture of 
fuming nitric acid and glacial acetic acid at 5° gave 3-bromo-5- 
nitro-pacetotoluidide (m. p. 210°). This substance on boiling with 
dilute sulphuric acid (equal parts of acid and water) on a sand- 
bath was hydrolysed to the free base (m. p. 64—65°). The amino- 
group was then replaced by bromine in the following way: 

The base was dissolved in glacial acetic acid, the calculated 
quantity of concentrated hydrochloric acid added, and diazotised 
with sodium nitrite. The whole of the substance passed into 
solution, which was added to the solution of cuprous bromide in 
hydrobromic acid. The mixture was then warmed on the water- 
bath until the evolution of nitrogen ceased, and steam passed in 
for a few minutes. The brown liquid which separated solidified, 
on cooling, to a crystalline mass, which was then collected, and 
after one crystallisation from alcohol was pure. The yield was 
almost theoretical (m. p. 63—65°). 

The nitro-group was then reduced with iron and acetic acid, and 
the base separated by steam distillation (m. p. 58—59°). In some 
experiments tin and hydrochloric acid were used to reduce the 
nitro-group, but the yield was very poor. The base was then 
converted into the acetyl compound (m. p. 163°5—164°), which on 
brominating in acetic acid gave 2:3:4-tribromo-m-acetotoluidide. 
The bromination takes place slowly, and the mixture must be 
allowed to stand before the bromine is completely absorbed. 

An attempt was made to brominate the free base, either in 
acetic or hydrochloric acid, but the product obtained was in each 
case 2:3:4:6+tetrabromo-m-toluidine (m. p. 223—224°). 

2:3:4-Tribromo-m-toluidine was obtained by hydrolysing the 
acetyl compound with boiling dilute sulphuric acid (equal volumes 
of concentrated acid and water). The product was poured into 
water, and the solution made alkaline and extracted with ether, 
which leaves behind any unchanged acetyl compound. The 
amino-group was then replaced by hydrogen in the following 
way, as the ordinary method gives a very poor yield. The sub- 
stance was dissolved in ten times its weight of absolute alcohol, 
and a quantity of concentrated sulphuric acid (about twice the 
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weight of the base) was added. The sulphate of the base 
separated in finely divided condition. The mixture was then cooied 
to about 40°, and a quantity of amyl nitrite slightly in excess of 
the calculated amount was then added. On heating, nitrogen was 
evolved, and a clear solution obtained. The product was poured 
into water, when the tribromotoluene solidified, and was collected, 
dried, and crystallised from glacial acetic acid (m. p. 45—46°). The 
yield was theoretical. 


2:3:4-Tribromomitrotoluene. 


Ten c.c. of fuming nitric acid were placed in a small flask cooled 
in ice-water. About 5 grams of the tribromotoluene were then 
gradually dropped in, and the flask was occasionally shaken. After 
half-an-hour the product was poured into cold water. The solid 
nitro-compound was collected, washed with water, and crystallised 
from alcohol (m. p. 107—108°): 

0°1210 gave 0°1808 AgBr. Br=63:58. 

C,H,O,NBr, requires Br=64'14 per cent. 
2:3:4-Tribromodinitrotoluene was prepared by heating the sub- 
stance with an equal amount of fuming nitric acid and concentrated 
sulphuric acid on the water-bath for about an hour, after which the 
product was poured into water, collected and crystallised from 
alcohol, from which it separated in prisms melting at 197—199°. 
2:3:4-Tribromobenzoiec Acid.—This was prepared by oxidising 
the tribromotoluene with dilute nitric acid (1 to 4), by heating in 
sealed tubes at 150—160° for about six hours. The product was 
made alkaline with sodium hydroxide solution, and the unchanged 
tribromotoluene extracted with chloroform. The free acid was 
then liberated by adding hydrochloric acid to the clear alkaline 
solution. The acid was collected, purified by boiling with animal 
charcoal in alcoholic solution, and finally crystallised from benzene. 
It forms colourless needles melting at 197—198°: 
0°1246 gave 0°1962 AgBr. Br=67°00. 
C,H,0,Br, requires Br=66°85 per cent. 


2:3:5-Tribromotoluene. 


1. o-Acetotoluidide, on bromination in acetic acid solution, gave 
5-bromo-o-acetotoluidide (m. p. 156—157°). An attempt was made 
to brominate it further by keeping the substances together over- 
night, but no action took place. This is probably a case of steric 
hindrance. 

The bromotoluidine (m. p. 58—59°) was then made the starting 
point, and was prepared by hydrolysing the above acetyl compound. 
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It was also obtainéd by direct bromination of o-toluidine, but the 
yield was poor. The base, on bromination in acetic acid solution, 
gave 3:5-dibromo-o-toluidine (m. p. 45—46°). The amino-group 
was then replaced by bromine by Sandmeyer’s reaction, and the 
2:3:5-dibromotoluene, thus obtained, melted at 53—54°. 

2. In a second method, the starting point was 5-nitro-o-toluidine, 
which was formed along with the 2:3-compound in the nitration 
of o-acetotoluidide (Reverdin and Crépieux, Ber., 1900, 38, 2498). 
It was brominated in acetic acid (Cohen and Raper, T., 1904, 85, 
1269), and the 3-bromo-5-nitro-o-toluidine, when crystallised from 
glacial acetic acid, melted at 180—181°. The amino-group was 
then replaced by bromine, and the 2:3-dibromo-5-nitrotoluene 
(m. p. 104—105°) was reduced to 2:3-dibromo-m-toluidine (m. p. 
83—85°), by means of tin and hydrochloric acid. On replacing 
the amino-group by bromine, 2:3:5-tribromotoluene was obtained, 
melting at 53—54°. 


2:3:5-Tribromonitrotoluene. 


Five grams of the tribromotoluene were treated with about 
double the amount of fuming nitric acid in the cold. The substance 
dissolved in a few minutes, and was then poured out into ice-cold 
water. After repeated crystallisation from alcohol, both the 
possible isomerides were separated, one melting at 67—68°, and the 
other at 88°5—90°, the former being obtained in greater quantity. 
The constitution of these has not yet been determined: 


00866 (m. p. 67—68°) gave 0°1302 AgBr. Br=63°96. 
0°1390 (m. p. 88°5—90°) gave 0°2090 AgBr. Br=63°98. 
C,H,O,NBr, requires Br= 64°14 per cent. 

2:3:5-Tribromodinitrotoluene.—The tribromotoluene was heated 
on the water-bath with fuming nitric acid and concentrated sul- 
phuric acid for an hour, and afterwards poured into water. On 
crystallising several times from glacial acetic acid, the nitro-com- 
pound was obtained quite pure, and melted at 209—210°: 


0°2156 gave 0°2904 AgBr. Br=57°31. 

C,H;0,N,Br, requires Br=57'28 per cent. 
2:3:5-Tribromobenzoic acid was prepared by two methods: 
1. By oxidising the tribromotoluene with dilute nitric acid (1 to 

3) in sealed tubes at 135—-140° for six hours. The contents of the 
tube were then dissolved in sodium hydroxide solution, the un- 
changed tribromotoluene was removed by steam distillation, and 
the free acid liberated by means of hydrochloric acid. The acid 
obtained in this way was coloured slightly yellow, and was de- 
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colorised by digesting the alcoholic solution with animal charcoal. 
It crystallised in colourless needles melting at 193—194°. 

2. The starting point was anthranilic acid, which, on brominating 
in acetic acid solution, gave 3:5-dibromo-2-aminobenzoic acid 
(m. p. 225°). The amino-group was then replaced by bromine 
(Rosanoff and Prager, J. Amer. Chem. Soc., 1908, 30, 1902). 
These authors obtained it as yellow needles melting at 193°5°, but 
on purifying it in the same way as described above, we obtained it 
in colourless needles melting at 193—194°. 


2:3:6-Tribromotoluene. 


1. 2-Bromo-5-acetotoluidide was nitrated in the cold (5°) with 
fuming nitric acid and glacial acetic acid. Two nitro-compounds 
were formed in this way as pointed out by Nevile and Winther 
(Ber., 1880, 13, 971), who used concentrated sulphuric acid instead 
of acetic acid. The crude nitration product, after crystallising once 
from alcohol, melted at 115—124°, and after repeated crystallisation 
from alcohol, melted sharply at 125—125°5°. It is 2-bromo-4-nitro- 
5-acetotoluidide, and forms the main product in the reaction. 
Another nitro-compound remaining in the mother liquor was pre- 
cipitated on adding water, and melted indefinitely from 90° to 110°, 
and after removing the acetyl group and crystallising several times 
from alcohol, the product melted at 102—103°. The constitution 
of this base was determined in the following way: the amino-group 
was replaced by bromine, and the dibromonitro-compound thus 
obtained (yellow crystals, m. p. 78—80°) was reduced by means 
of tin and hydrochloric acid. The base separated from alcohol in 
colourless crystals melting at 56—57°. Finally the amino-group 
was replaced by bromine, and the tribromotoluene thus obtained 
melted at 55—57°, and is, therefore, the 2:3:6-compound, which 
melts at 58—59°. The original substance is, therefore, 6-bromo- 
2-nitro-m-toluidine. 

The 2:4:5-compound mentioned above was then hydrolysed witn 
dilute sulphuric acid (equal vols.) on the water-bath, and the base 
precipitated by adding water. On crystallisation from alcohol, the 
latter was obtained in reddish-brown needles melting at 179—181°. 
It was then brominated in acetic acid solution on the water-bath. 
The 2:6-dibromo-4-nitro-m-toluidine formed in the reaction was 
crystallised from glacial acetic acid and alcohol (yellow needles, 
m. p. 130—133°). The yield was theoretical. Nevile and Win- 
ther’s method of brominating in sulphuric acid solution with an 
aqueous solution of bromine was also tried, but it was not so 
satisfactory as the one described above. 
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It was observed in this connexion that the crystals first separating 
from the hot solution were bulky needles, which filled the liquid, 
but on keeping overnight the mass was transformed into prisms, 
which deposited at the botom of the vessel. The amino-group was 
then replaced by bromine, and the 2:3: 6-tribromo-4-nitrotoluene 
crystallised from acetic acid (m. p. 106°5—107°). The nitro-group 
was reduced by means of iron and acetic acid, and the base crystal- 
lised from alcohol (m. p. 118—119°). The amino-group was then 
removed by diazotising in alcoholic solution, and the tribromo- 
toluene crystallised from alcohol in colourless needles melting at 
58—59°. 

2. In the following method the starting point was 6-bromo-o- 
toluidine (see above), and gave a better yield. It was converted into 
the acetyl compound, which crystallised from alcohol in colourless 
needles melting at 159°5—161°. One atom of bromine was then 
introduced into it, and the product crystallised from alcohol in 
colourless needles melting at 165°5—166°5°. The substance was 
5 :6-dibromoaceto-o-toluidide. Its constitution was determined by 
removing the amino-group and distilling the product under 
diminished pressure. It crystallised on cooling, melted at 29—30°, 
and gave a dinitro-compound melting at 106—107°, and is therefore 
2:3-dibromotoluene. As the yields throughout are quite satisfac- 
tory, this furnishes a useful method for preparing 2: 3-dibromo- 
toluene. 

The acetyl group was removed by boiling with concentrated 
hydrochloric acid, and the base melted at 58°. On replacing the 
amino-group by bromine the tribromotoluene crystallised from 
alcohol in needles melting at 58—59°. 

2:3:6-Tribromonitrotoluene was obtained in the same way as 
the 2:3:5-compound, and ‘crystallised from alcohol in light, straw- 
coloured needles, melting at 91—92°. 

2:3:6-Tribromodinitrotoluene was prepared in the same way as 
the 2:3:5-compound, and crystallised from alcohol and acetic acid 
in light yellow prisms, melting at 202—203°. 

2:3:6-Tribromobenzoic acid could not be prepared by direct 
oxidation. The tribromotoluene was heated in sealed tubes with 
dilute nitric acid for several days together, first at 140—145°, and 
then at 150—160°, but not a trace of acid was formed. On raising 
the temperature above 170° the substance was completely destroyed. 
Different strengths of acid were also used, and the heating was 
continued for about two weeks at a time, but without any result. 
Other oxidising agents, for example, chromic acid and potassium 
permanganate, were also tried ineffectually. It is curious that the 
2:4:6-tribromo-compound, which is also a diortho-substituted deriv- 


THE PROGRESSIVE BROMINATION OF TOLUENE. 515 


ative, is easily attacked by nitric acid, whilst the 2:3: 6-compound 
is not. 


2:4:5-Tribromotoluene. 


1. From 3-Bromo-p-toluidine.—The substance was nitrated with 
concentrated nitric acid in the presence of concentrated sulphuric 
acid in the cold, that is, by adding the dry nitrate of the base to 
cold concentrated sulphuric acid (Cohen and Dakin, T., 1902, 81, 
1334). The 5-bromo-2-nitro-p-toluidine crystallised from alcohol in 
brown needles, and melted sharply at 118—119°. The amino-group 
was replaced by bromine, and the product crystallised from alcohol 
(m. p. 83°5—84°5°). The nitro-group was then reduced by means 
of tin and hydrochloric acid, and the base crystallised from alcohol 
in colourless needles melting at 96—97°. On replacing the amino- 
group by bromine, 2:4:5-tribromotoluene (m. p. 112—113°) was 
obtained in colourless needles from alcohol. 

2. From 2-Bromo-5-acetotoluidide, m. p. 101—102°.—The 
substance was brominated in acetic acid solution, and the 2:4-di- 
bromo-5-acetotoluidide (m. p. 168—169°) that was formed was 
precipitated by the addition of water. The acetyl group was 
removed by boiling with concentrated hydrochloric acid, and the 
amino-group replaced by bromine. The tribromotoluene crystallised 
from alcohol in colourless needles melting at 112—113°. 

2:4:5-Tribromonttrotoluene was prepared in the same way as 
the 2:3:5-derivative. Only one mononitro-compound could be 
isolated, and this separated from alcohol and acetic acid in colour- 
less crystals melting at 130—131°5°. 

2:4:5-Tribromodinitrotoluene.—This separates from alcohol and 
glacial acetic acid in colourless crystals melting at 278—279°. 
2:4:5-Tribromobenzoic acid was obtained by oxidising the 
tribromotoluene with dilute nitric acid in a sealed tube; it crystal- 
lises from benzene in colourless needles melting at 195—196°: 
0°1278 gave 0°2020 AgBr. Br=67°24. 
C,;H,0,Br, requires Br=66°85 per cent. 


2:4:6-Tribromotoluene. 


m-Toluidine was brominated in acetic acid solution with the 
quantity of bromine calculated to form tribromotoluidine. The 
product when crystallised from alcohol melted at 100—101°. The 
amino-group was then removed by diazotising in alcoholic solution. 
The tribromotoluene crystallised from alcohol in colourless needles 
melting at 65—66°. 

2:4:6-Tribromonitrotoluene forms colourless crystals melting at 
74—75'5°: 
VOL. CV. 


MM 
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0°1360 gave 0°2044 AgBr. Br=63'94. 
C,H,O,NBr, requires Br= 64°14 per cent. 

2:4:6-Tribromodinitrotoluene separates from alcohol in colour- 
less crystals melting at 217—218°. 

2:4:6-Tribromobenzoic acid formed colourless crystals from 
alcohol, melting at 186—187°. This is identical with the acid 
(m. p. 186°) obtained by Rosanoff and Prager (loc. cit.) from 
tribromoaniline. 

3:4:5-Tribromotoluene. 


From 3-Bromo-p-toluidine.—This substance on bromination gave 
3 :5-dibromo-ptoluidine (m. p. 74—75°), which, on replacing the 
amino-group by bromine, gave 3:4:5-tribromotoluene (colourless 
needles from alcohol, m. p. 88—89°). It was subsequently found 
that ptoluidine itself could be directly brominated to form the 
dibromo-compound with equally satisfactory results. 

3:4:5-Tribromonitrotoluene separates from alcohol in colourless 
crystals melting at 104-—-105°. 

3:4:5-Tribromodinitrotoluene forms colourless prisms, melting 
at 211°5°. 

3:4:5-Tribromebenzoic acid crystallises from benzene in colour- 
less needles melting at 235°. 


Part II.—(b). The Bromination of the Six Isomeric 
Dibromotoluenes. 


Bromination of 2:3-Dibromotoluene.—Ten grams of the dibromo- 
toluene were dissolved in an equal volume of carbon tetrachloride,* 
about 0°5 gram of freshly-prepared aluminium-mercury couple was 
added, and 2°2 c.c. of bromine dissolved in 5 c.c. of the same solvent 
were then gradually dropped in. Reaction took place very readily, 
and was prevented from becoming too violent by carefully cooling 
the vessel. In the end a voluminous dark mass was obtained. 
Water was added to the product, and the mass extracted with 
carbon tetrachloride, shaken with sodium hydroxide solution, and 
then separated. The carbon tetrachloride was then distilled off 
on the water-bath, the last traces being removed by aspirating a 
current of air through the hot residue, which was afterwards dis- 
tilled under diminished pressure. The yield was 9°2 grams boiling 
at 190—200°/60 mm. 

After one crystallisation from alcohol, a major fraction (6 grams) 
was obtained, melting at 56—58° (A). The mother liquor, on 
evaporation, gave a product melting indefinitely from 40° to 


* In one experiment no solvent was used and the product consisted mostly of 
tetrabromotoluenes together with a little of the tribromo-compounds. 
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46° (B). The product (A) was converted into the dinitro-com- 
pound which, after crystallising twice from alcohol, melted sharply 
at 202—203°, and is, therefore, the 2:3 :6-compound. 

The fraction (B) was also converted into the dinitro-compound, 
from which a product was obtained which melted at 206—208°; 
the 2:3:5-tribromodinitrotoluene melts at 209—210°. The pres- 
ence of the 2:3:5-compound was further confirmed by the crys- 
talline appearance of the dinitro-compound ; the dinitro-derivative 
of the 2:3:5-compound crystallises in plates, whilst that of the 
2:3:6-compound ¢rystallises in prisms. 

From the mother liquors of the nitro-compounds of both (A) and 
(B), we have not yet been able to isolate the dinitro-compound of 
2:3:4-tribromotoluene (m. p. 197—199°), which, if formed at all, 
seems very difficult to detect in this way. 

The product from a second bromination was heated in a sealed 
tube with dilute nitric acid in order te prepare the benzoic acids, 
but without any results. This is a further confirmation of the 
presence of the 2:3:6-compound as the main product, for, as pre- 
viously stated, this substance is not attacked by nitric acid. 

It will thus be seen that the result of bromination of 2:3-di- 
bromotoluene is quite different from that of chlorination of di- 
chlorotoluene. In the latter case the 2:3:4-compound is the sole 
product, whereas in the former, it is the 2:3:6-derivative that 
forms the main bulk of the product, together with a little of the 
2:3:5-derivative, whilst the presence of the 2:3:4-compound is 
doubtful. 

Bromination of 2:4-Dibromotoluene. 

In this case, the bromination was effected without the use of a 
solvent.* The product was dissolved in chloroform, shaken with 
sodium hydroxide solution, and separated. The chloroform was 
then distilled off, and the residue crystallised from alcohol. In 
this way, 8 grams of a substance were obtained which melted at 
109—-111°; the weight of material originally taken being 10 grams. 
The mother liquor, on evaporation, gave 3°5 grams of a voluminous, 
pasty mass, which consisted of the unchanged dibromotoluene, 
mixed with some of the tribromo-compounds. 

The fraction melting at 109—111° was converted into the dinitro- 
compound, which, after crystallising from alcohol and acetic acid, 
melted at 278—279°; the 2:4:5-tribromodinitrotoluene melts at 
278—279°. 

The second fraction was similarly converted into the dinitro- 
compound, from which one fraction melting at 276—278° (2:4:5) 


* In a second experiment, carbon tetrachloride was used as solvent and gave the 
same result. 
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was separated ; another fraction melted at 212—215° (probably the 
2:4:6-tribromodinitrotoluene, which melts at 217—218°) ; and two 
other portions melted at 189—193° and 195—205°, but the quanti- 
ties of these last two fractions were so small that it was hopeless 
to detect in this way any trace of the 2:3:4-derivative, which is 
the third possible isomeride. 

The product of bromination of the dibromotoluene was then 
oxidised by heating in a sealed tube with dilute nitric acid (1 to 3) 
at 160° for two days, and the benzoic acids were separated in the 
usual way. The mixed acids were esterified by Fischer and Speier’s 
method, when a small quantity was left unesterified, and was identi- 
fied as the 2:4:6-acid. The esterified portion was then hydrolysed 
with alcoholic potassium hydroxide. On liberating the free acid 
and crystallising it from alcohol, it melted at 192—194°. The 
2:4:5-acid melts at 195—196°. 

Thus the results of bromination of 2:4-dibromotoluene agree 
substantially with those obtained in the case of chlorination. 


Bromination of 2:5-Dibromotoluene. 


Ten grams of material were brominated, using carbon tetra- 
chloride as solvent. In a second experiment the solvent was 
omitted, but the product consisted of a mixture of tri-, tetra-, and 
penta-bromotoluenes. 

The bromination product was treated in the same way as that 
from 2:3-dibromotoluene. The yield was 11 grams, the substance 
melting indefinitely at 70—100° and boiling at 155—165°/20 mm. 

A portion was converted into the dinitro-compound, and was 
crystallised several times from alcohol and acetic acid. The main 
bulk of the product was a substance melting at 276—278°, identical 
with the dinitro-compound of 2:4:5-tribromotoluene. After 
repeated crystallisations another product was obtained, which 
melted: at 200—202° and crystallised in prisms characteristic of 
the 2:3:6-derivative. No evidence was obtained of the presence 
of the third possible isomeride, the 2:3 :5-compound. 

The oxidation of the bromination product has also been carried 
out, but no definite evidence was obtained of the presence of the 
2:3:5-acid, as it has about the same melting point as the 
2:4:5-acid. 

It will thus be seen that these results agree with those obtained 
on chlorination in so far as the same two isomerides are formed, 
but the proportion is reversed. In the case of chlorination the 
2:3:6-compound is the main product, whilst in the present case 
it is the 2:4:5-compound. 
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Bromination of 2:6-Dibromotoluene, 


The bromination was effected in the same way as in the case of 
2:4-dibromotoluene. The product was crystallised from alcohol, 
and melted sharply at 59°. It was then converted into the dinitro- 
derivative in the usual way. After several crystallisations from 
alcohol it melted at 202—203°, which corresponds with the 
2:3:6-compound. 

The mother liquor left after crystallising the bromination 
product was evaporated, and from it a product was obtained which 
was a mixture of the unchanged dibromotoluene and a little of 
the 2:3:6-compound. 

2:6-Dibromotoluene can only give two tribromo-derivatives, the 
2:3:6- and 2:4:6-compounds, and of these only one, the former, 
is produced in the above reaction. No indication of the presence of 
the 2:4:6-tribromodinitro-compound (m. p. 217—218°) could be 
detected on nitration. The result is thus in entire agreement with 
that of the chlorination of 2 :6-dichlorotoluene. 


Bromination of 3:4-Dibromotoluene. 


This was brominated exactly in the same way as the previous 
substance. The product, after one crystallisation from alcohol, 
gave 8 grams of a substance (m. p. 110—112°) from 10 grams of 
material originally taken. It was converted into the dinitro-com- 
pound, which after one crystallisation melted sharply at 278—279°, 
and was identical with the 2:4:5-tribromodinitrotoluene. No other 
dinitro-compound could be detected in this fraction. 

The mother liquor on evaporation yielded 3 grams of a viscid oil, 
which was probably a mixture of the original unchanged substance 
and a little of the tribromo-compound. This was also converted 
into the dinitro-compound, from which only one substance (m. p. 
207—-209°) could be isolated after repeated crystallisation. It is 
the dinitro-compound of 3:4:5-tribromotoluene (m. p. 211°5°), 
This was further confirmed by its crystalline appearance, which 
is that of truncated prisms. No trace of the 2:3:4-tribromo- 
dinitrotoluene (m. p. 197—199°) could be detected in the above 
product. 

This result agrees substantially with that of chlorination, except 
for the presence of a minute amount of the 3: 4: 5-derivative, 
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Bromination of 3:5-Dibromotoluene. 


This was brominated in the manner already described. The 
product, on crystallisation from alcohol, melted at 51—53°. A 
little of it was converted into the dinitro-compound, which after 
several crystallisations from alcohol and acetic acid melted at 
209—210°, and is identical with the 2:3:5-tribromodinitro-com- 
pound. The mother liquor on evaporation gave a mixture of the 
unchanged dibromotoluene and 2:3:5-tribromotoluene. The other 
tribromotoluene which is theoretically possible, namely, the 3:4:5 
(m. p. 88—89°), could not be detected by repeated crystallisation 
of either the bromination product or its dinitro-derivative. The 
result thus agrees entirely with that of chlorination. 

In one experiment carbon tetrachloride was used as solvent, but, 
curiously enough, the product consisted of a mixture of tri- and 
tetra-bromotoluenes, a material which melted at a much higher 
temperature than any of the tribromotoluenes. 

In the following table the results of bromination and chlorina- 
tion are given side by side, the principal product being placed first 
in each case, and a trace indicated by brackets. 


Bromination 
products. Chlorination 
Ortho-, para-, products. 
Toluene. Ortho-, para-. 
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Attention is directed to the difference in the orienting effects of 
chlorine and bromine produced by chlorination and bromination 
of ortho-halogen derivatives, an effect which is most marked in the 
case of the mono-halogen compound and the 2:3- and 2:5-dihalogen 
derivatives. 

It would appear from this that the orienting effect of the methyl 
group is more emphasised in the case of chlorine substitution and 
of the halogen in the case of bromine substitution. In the higher 
substituted derivatives the tendency is to form compounds having 
the symmetrical structure, 
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as was pointed out by: Cohen and Dakin (T., 1904, 85, 1274) and 
Cohen and Hartley (T., 1905, 87, 1360). 


In conclusion, we wish to express our thanks to the Research 
Fund Committee of the Chemical Society for a grant towards the 
expenses of this investigation. 


Tue University, LEEDS. 


LIII.—a- and B-Trimethyl Cobalticyanide. 
By ErnaLp GrorGE JusTINIAN HartTLey. 


In a recent communication (T., 1912, 101, 705) the author described 
the reaction between methyl iodide and silver ferro- and ferri- 
cyanide respectively. Since the cobalticyanides probably possess a 
similar constitution to the ferricyanides, it seemed interesting for 
the sake of comparison to study the behaviour of silver cobalti- 
cyanide with methyl iodide. 

The first experiments were carried out exactly as with the ferri- 
cyanide, silver cobalticyanide being heated with excess of methyl 
iodide at about 100° in sealed tubes for some hours. A very dark 
red, solid mass was thus obtained, in which no sign of any crystal- 
line matter could be observed. Numerous unsuccessful attempts to 
isolate any pure substance from this solid matter by methods similar 
to those adopted with the ferro- and ferri-cyanides made it evident 
that at the temperature of the experiment too much decomposition 
had taken place to allow of any satisfactory results. It was subse- 
quently found that by keeping the temperature at about 45° the 
reaction followed a more definite course. 

The following procedure was found to give the most satisfactory 
results. About 50 grams of the silver salt were heated with a large 
excess of methyl iodide in a closed, thick-walled glass bottle, the 
temperature being maintained at between 40° and 50°. 

The heating was continued until the solid matter, which first 
became yellow with the formation of silver iodide, began to show a 
very slight pink colour; about eight days was usually required. 
After removing the excess of methyl iodide, the solid matter, which 
emitted a strong odour of isocyanides, was extracted several times 
with hot ethyl alcohol. The brownish-yellow solution so obtained, 
after evaporation over sulphuric acid, deposited a white, crystalline 
crust (I), and a second crop of the same substance, but less pure, 
was obtained after further evaporation—the two crops together 
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weighing about 3 grams. Finally, a brown oil remained, from 
which no more crystals could be separated. The method of purify- 
ing the substance (I), and the account of its analysis and properties, 
will be more conveniently considered later on in the paper. The 
solid matter that has been extracted with ethyl alcohol was next 
treated in a similar way with boiling water, a very powerful odour 
of isocyanides being noticeable during this operation. The aqueous 
extract on cooling deposited a crop of white, hair-like crystals (II) 
much resembling glass wool. Two or three more crops were 
obtained by further evaporation, the later ones usually containing 
a fair amount of the substance (I) which had escaped extraction 
with alcohol, and also some pink, insoluble decomposition product. 
The crystalline matter, together with these impurities, weighed 
about 6 grams. The later crops were boiled with alcohol and 
filtered, the solution affording a further yield of the substance (I), 
which was added to the previous quantity; whilst the portion in- 
soluble in alcohol was crystallised from water to free it from the 
pink insoluble matter, and the product was added to the first crop 
of (II). The total amount of the latter substance was then further 
purified by several more crystallisations from hot water, about 
3 grams being finally obtained. 

Analyses made with material crystallised three times gave the 
following results: 

0°1757 gave 0°2656 CO, and 0°0576 H,O. C=41'2; H=3°67. 

071807 ,, 0°2720CO, ,, 0°0586 H,O. C=41:0; H=3°63. 

0°2796 ,, 0°1674 CoSO,. Co=22°76. 

C,H,N,Co requires C=41°53; H=3'48; Co=22°64 per cent. 

The substance (II) is therefore evidently trimethyl cobalticyanide, 
(CH )s;CoC,N,, and it will be convenient to distinguish it as the 
a-compound, since it will be shown later that the substance (I) is 
an isomeride. a-Trimethyl cobalticyanide, when pure, crystallises 
from hot water in very fine, white, silky fibres. It is quite stable, 
losing no weight at 100°. On more strongly heating it decomposes 
without melting. It is only sparingly soluble in cold, readily so in 
hot, water, very sparingly so in hot ethyl alcohol, and is practically 
completely separated from solution in the latter on cooling. It is 
insoluble in chloroform, acetone, ethyl acetate, or benzene. In 
aqueous solution it is neutral, and gives no precipitate with 
potassium hydroxide or ammonium sulphide, but is slowly decom- 
posed on boiling with either of these reagents. When the solid 
substance is treated with 10 per cent. solution of silver nitrate it 
rapidly dissolves even in the cold, although the amount of water 
present may be far less than would be required to effect solution. 
After remaining for a few minutes, white, hair-like crystals begin 
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to form in abundance throughout the liquid, more rapidly if it is 
well stirred. 

A determination of silver in these crystals after washing with 
alcohol and drying in a vacuum gave the following result in agree- 
ment with the formula (CH;),CoC,N,,2AgNO;. (Found, Ag=35'61. 
Calc., Ag =36°96 per cent.) 

A solution of a-trimethyl cobalticyanide mixed with a small 
quantity of an ionised cobalticyanide, such as the potassium salt, 
gives with a soluble silver salt a white, amorphous precipitate 
resembling silver cobalticyanide, except that after drying it becomes 
slightly blue. (In consequence of the insoluble nature of the double 
nitrate just described, a solution of silver sulphate was used for 
this preparation.) On heating this white precipitate it chars and 
gives off an isocyanide in quantity; it is therefore, presumably, a 
double methyl silver cobalticyanide: 

0°4728 gave 0°2877 AgCl and 01735 CoSO,. Ag=45°81; 

Co=13°'96. 
3Ag,CoC,N,,2(CH;)s,CoC,N, requires Ag=45°44; Co=13°78 per 
cent. 
It is, of course, essential that sufficient of the trimethyl compound 
be present to give this double salt, for if the potassium salt were in 
excess the product would be an indefinite mixture of the above with 
silver cobalticyanide. 


Purification and Analysis of the Substance (1). 


Although a-trimethyl cobalticyanide is almost completely in- 
soluble in cold ethyl alcohol, it is appreciably dissolved by this 
solvent when boiling. Consequently, the crystalline deposit (I) 
from the alcoholic extracts was mixed with a certain amount of the 
a-compound, especially as a considerable volume of alcohol was 
necessary owing to the large bulk of solid matter to be extracted. 

By recrystallising from as small a quantity of alcohol as possible, 
the greater part of the a-compound was separated, since it remained 
undissolved, but even then the crystals of (I) so obtained were 
contaminated with the small proportion of the same substance that 
had passed into solution. The material was therefore redissolved 
in a fairly large quantity of alcohol, and the solution was sowed 
with some freshly prepared crystals of the a-compound; on cooling 
the liquid in an ice-chest, practically the whole of the a-compound, 
together with some of the substance (I), was deposited. On filtering 
off this crop and evaporating the solution, a good second crop of 
(I) was obtained apparently quite free from the a-compound. A 
further amount of pure material was extracted from the above 
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impure first crop by a second similar treatment. The two portions 
were then added together and purified by further crystallisation 
either from ethyl alcohol or from much boiling propyl alcohol, from 
either of which solvents the substance separates in very small, white 
needles. It can also be recrystallised from water, but it is insoluble 
in all the other usual organic solvents. 

The samples taken for analysis were from three different prepara- 
tions; they were all crystallised at least three times—finally from 
propyl alcohol—and dried at 100° for several hours. 

For the determination of nitrogen it was found necessary to grind 
the weighed portion very intimately with copper oxide previous to 
combustion, otherwise the percentage of this constituent came out 
considerably too low. Even with this precaution the result is some- 
what below the theoretical figure: 

(i) 0°2907 gave 0°1748 CoSO,. Co=22°88. 
(ii) 0°1475 ,, 0°2259 CO, and 00510 H,O. C=41°79; 
H=3°86. 
0°1495 gave 0°2303 CO,, 0°0529 H,O, and 0°0888 CoSQ,. 
C=42°03; H=3°96; Co=22°60. 

(ili) 0°1405 gave 36°6 c.c. N, at 65° and 758 mm. N=31°58. 
CyH,N,Co requires C=41°53; H=3°48; N=32°35; Co=22°64 per 

cent. 

From the method of formation this formula can scarcely be repre- 
sented as having any other structure than (CH;),CoC,N,, so that 
the substances II and I must be regarded as isomerides, and the 
latter compound will be distinguished as 8-trimethyl cobalticyanide. 
The two forms, which appear to be produced in about equal quanti- 
ties, differ from one another both in their physical and chemical 
properties. 

For instance, the B-variety is soluble to a much greater extent 
than the isomeride in water, methyl, ethyl, and propyl alcohols. 
Although no very accurate measurements of this property have been 
made, one or two rough determinations may be described, which 
were carried out with small quantities for the purpose of ascertain- 
ing the best conditions for recrystallisation. Five c.c. of water at 
about 7°5° dissolves 0°008 gram of the a- and 0°022 gram of the 
B-form; again, 50 c.c. of boiling ethyl alcohol will just dissolve 
0°02 gram of the a- and about 0°7 gram of the B-compound, so that 
the latter is more than thirty times as soluble under these conditions. 

8-Trimethyl cobalticyanide, when mixed with a small quantity of 
potassium cobalticyanide and precipitated with silver sulphate 
solution in exactly the same way as has been described with the 
a-compound, gives, like the latter, a white, amorphous precipitate 
which is a double methy] silver salt; 
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0°3028 gave 01615 AgCl and 0°1191 
Co=14°97. 
(CH;);CoC,N,,Ag,CoC,N, requires Ag=40°51; Co=14°75 per cent. 

A crystalline double salt is precipitated when a fairly concen- 
trated solution of the B-compound is treated with silver nitrate. 
This salt is, unfortunately, difficult to obtain pure, since it appears 
to undergo slight decomposition after washing and drying in a 
: vacuum. It cannot be heated to 100° without very considerable 
decomposition. The percentage of silver found in several different 
preparations dried in a vacuum was as follows: Ag=28°5, 28°45, 
29°3, 28°9, which approximates to the percentage Ag=29°54, re- 
quired by the formula 3CH,;CoC,N,,4AgNOs,. 

It will be seen that in both of these double salts each molecule 
of B-trimethyl cobalticyanide combines with a smaller proportion of 
the silver salt than does the a-compound. 

Neither of the isomerides combines with methyl iodide when 
heated with the latter in sealed tubes at 100°, although some 
decomposition takes place. In this respect they both differ from 
the somewhat similarly constituted substance a-tetramethyl ferro- 
cyanide, which reacts with methyl iodide quantitatively to form 
hexamethylferrocyanogen iodide (T., 1913, 103, 1199). 

It will be observed that the sum of the weights of a- and 
B-irimethyl cobalticyanide only amounts to about 25 per cent. of 
the theoretical yield, assuming the reaction to be simply 

Ag,CoC,N, + 3CH,I = (CH;}CoC,N, + 3AgI. 

The total weight of solid matter obtained in a preparation carried 
out as described shows that actually about three molecules of 
methyl iodide enters into reaction with each molecule of silver salt, 
but a considerable portion of the product remains as an uncrystal- 
lisable oil after extracting and isolating the two isomerides. Some 
experiments were made to determine the nature of the oily matter. 

A concentrated solution of the latter in water gave a yellow, 
crystalline platinichloride moderately soluble in water and insoluble 
in alcohol. This salt, after recrystallising from dilute alcohol and 
from water in order to free it from some amorphous impurity, was 
examined under the microscope, and seems to consist largely of 
hexagonal plates resembling the methylamine salt. On ignition a 
residue of platinum was left containing only a trace of cobalt, and 
the percentage agreed with that required by the formula 
(CH;NH,),H,PtCl. (Found, Pt=41°04, 41°20. Calc., Pt=41°31 
per cent.) 

The presence of a methylamine salt can therefore be taken as 
proved. 

An aqueous solution of the oil gives with silver nitrate a plentiful 
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whitish, amorphous precipitate, which on filtering and drying 
becomes slightly brown. 

This substance on heating gives off an isocyanide in quantity, and 
leaves a residue containing silver and cobalt; in fact, it has all the 
properties of the double methyl silver cobalticyanide described 
above, and is doubtless a somewhat impure form of that compound. 

No other definite substance was isolated from the oily residue, 
which thus apparently consists mainly of methylamine cobalti- 
cyanide and some trimethyl cobalticyanide, these being prevented 
from crystallising by the presence of some decomposition products. 

The formation of methylamine cobalticyanide can be explained 
on the assumption that the trimethyl compound is partly decom- 
posed during its preparation into cobalt cyanide and methylcarbyl- 
amine. The latter substance is capable of reacting with methyl 
iodide to give an additive compound, probably CH,°N(CH;)I°C, 
which is hydrolysed by alcohol or water, forming CH,*NH,,HI 
(Wade, T., 1902, 81, 1609). 

The methylamine hydriodide so produced would quickly react with 
any unchanged silver cobalticyanide to give silver iodide and 
methylamine cobalticyanide. 

If this assumption is correct, the solid matter left after extraction 
with alcohol and water should contain cobalt cyanide. In order to 
test for this, some of the solid was digested with silver nitrate solu- 
tion, when a pink solution was obtained, which gave the usual 
reaction for a cobalt salt. Some cobalt cyanide treated with silver 
nitrate in a similar way was found to react at once, a pink solution 
of cobalt nitrate being formed. The above explanation is therefore 
probably correct. 

The experiments recorded in this paper show that silver cobalti- 
cyanide differs altogether from silver ferricyanide in its behaviour 
with methyl iodide, the latter salt reacting according to the 
equation : 
4Ag,FeC,N, + 24CH,I =3[(CH;),FeC,Ngl,,4AgI] + (CH ).FeC,Ngly. 

No definite evidence has so far been obtained as to the nature of 
the isomerism observed in these trimethyl cobalticyanides, or in the 
allied compounds a- and §-tetramethyl ferrocyanide previously 
described (loc. cit.) ; it is hoped, however, that further experiments 
will throw light on the problem. 


These experiments have been carried out in Lord Berkeley’s 
laboratory at Foxcombe, near Oxford, to whom the author’s best 
thanks are due. 
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LIV.—The Action of Aldehydes on the Grignard 
Reagent. 


By JosepH MarsHALt. 


ALTHOUGH many observers have investigated the reaction occurring 
between magnesium alkyl or aryl haloids and substances containing 
the carbonyl group when the magnesium compound was in excess, 
it appears that none has hitherto observed that if an excess of an 
aldehyde is added to an ethereal solution of a magnesium alkyl 
haloid, on decomposing the product with water there is obtained, 
along with the secondary alcohol formed in the usual manner, a 
considerable quantity of a substance of higher boiling point. The 
present paper gives an account of an investigation which owes its 
origin to the fact that, in the residue obtained in the preparation 
of a large quantity of phenylmethylcarbinol from magnesium 
methyl iodide and benzaldehyde, there was present a substance 
which could be distilled in a vacuum at about 200°, and crystallised 
when it was allowed to remain a short time. Analyses of this sub- 
stance gave results from which the empirical formula C,,H,,0 was 
calculated, and of the many compounds with this empirical formula, 
the only one which could possibly be formed in this reaction is 
methyldeoxybenzoin, C,H,;-CH(CH;)°CO-C,H;. This was obtained 
by V. Meyer and Oelkers (Ber., 1888, 21, 1297) by the action of 
methyl iodide and sodium on deoxybenzoin, and a comparison of 
the properties of the product of the Grignard reaction with those 
ef methyldeoxybenzoin proved that the two substances were 
identical. 

It was thought that the production of this compound might be 
due to the action of a slight excess of benzaldehyde on the first pro- 
duct of the reaction in a manner indicated by the following 
equation : 

C,H,;-CH(CH;)-OMgI + C,H,;-CHO= 

C,H;-CH(CH;)-CO-C,;H;+MgI-OH . . (1) 
and attempts were made to increase the yield of this substance by 
the addition of a second molecular proportion of benzaldehyde to 
the magnesfum methyl iodide. It was noticed that the grey, 
crystalline mass which was produced when one molecular propor- 
tion of benzaldehyde was allowed to react with one molecular pro- 
portion of magnesium methyl iodide was converted into a dark 
brown, viscous mass when the second molecular proportion of 
aldehyde was added, and at the same time a slight rise in tempera- 
ture was observed. The mass was not altered in appearance by 
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warming during several hours on a water-bath, although experi- 
ments showed that the yield of methyldeoxybenzoin was consider- 
ably increased by prolonged heating. If the equation (1), repre- 
senting the reaction as a double decomposition similar to that 
taking place when water is added to the magnesium compound, 
correctly indicated the manner in which methyldeoxybenzoin is 
formed, since this compound is readily soluble in ether, it should be 
found in the supernatant ethereal layer before water is added to 
the mixture, whilst the viscous mass referred to above should be 
chiefly magnesium oxyiodide, mixed with the unchanged Grignard 
product. By treating the two layers separately with dilute acid, it 
was found that the ethereal layer contained a small quantity of 
benzaldehyde, but no methyldeoxybenzoin, whilst the viscous mass 
yielded phenylmethylearbinol and a considerable quantity of methy!- 
deoxybenzoin. It is suggested that the second molecule of benz- 
aldehyde combines with the first product of the reaction in the 
following manner : 
C,H,-CH(CH;)-OMgI + C,H,;-CHO = 
C,H,;-CH(CH;)-C(C,H;)(OMgI)-OH . . (2) 
This more complex magnesium compound is then decomposed by 
the addition of water, with the formation of methyldeoxybenzoin : 
C,H,-CH(CH;)-C(C,H,;)(OMgI)-OH + H,O = 
C,H;-CH(CH;)-CO-C,H,+H,O+MgI‘OH . . (3) 
In order to determine if the reaction is capable of general appli- 
cation, experiments were made with other magnesium compounds. 
By the action of benzaldehyde on magnesium dimethylcarbiny] 
iodide, a quantity of phenyl isopropyl ketone was produced. A 
somewhat different result was obtained by heating magnesium 
phenyl bromide with two molecular proportions of benzaldehyde, of 
which reaction benzophenone and benzyl alcohol were the products 
instead of phenyldeoxybenzoin. This result, however, may easily 
be explained by assuming the reaction to proceed in a manner 
analogous to that expressed by equations (2) and (3), and that then 
the phenyldeoxybenzoin is hydrolysed to benzophenone and benzyl 
alcohol. It is well known that phenyldeoxybenzoin does not exist 
in the ketonic form, but only as the unsaturated triphenylviny] 
alcohol, C(C,H;).-C(OH)-C,H; (H. Biltz, Ber., 1899, 32, 650), and 
the addition of a molecule of water to this substance in the manner 
indicated by equation (4) would decompose it, with the formation 
of the above-mentioned substances : 
C(C,H;).:C(OH)-C,H,; + H,O = 
(C,H;),;CO+C,H,-CH,OH . . (4) 
A similar theory would account for the production of a certain 
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amount of benzyl alcohol in the above-mentioned reaction between 
benzaldehyde and magnesium dimethylearbinyl iodide. In this 
case, phenyl isopropyl ketone is apparently partly hydrolysed into 
acetone and benzyl alcohol : 

CH(CH3).°CO-C,H,—>C(CH3),.C(OH)-C,H,;—> 

(CH;),CO + C,H,*CH,-OH. 

An analogous result was obtained when acetaldehyde was allowed 
to react with magnesium phenylmethylcarbinyl bromide, in which 
reaction, however, no trace of a-phenylethyl methyl ketone could 
be found. Instead of this, the products of the reaction were aceto- 
phenone and phenylethyl bromide, C,H,;-CHBr-CHg, the formation 
of the former being easily explained by the above theory. No ex- 
planation is offered at present for the production of the phenyl- 
ethyl bromide, but it is in agreement with results obtained in 
experiments made on the reaction between Grignard reagents and 
formaldehyde. It was thought that the reagent might react with 
formaldehyde to produce a substituted acetaldehyde in a manner 
expressed by the equation : 

R:CH(OMgX)-R/ + CH,O = 

R-CH[CH(OH)-OMgX}-R’ + R- CH(CHO): we. « 
and that formic ester might react in a similar manner to form sub- 
stituted acetic esters. The products of these reactions were, how- 
ever, substituted methyl haloids, along with a certain quantity of 
decomposition products. These reactions appear to consist in the 
removal of magnesium oxide from the Grignard product, thus: 
C,H,;-CH(CH;)-OMgI = C,H,-CHI-CH,+ MgO, 

but the mechanism of the reaction is not yet clear. The trioxy- 
methylene or formic ester disappears during the reaction, with the 
production of a viscous mass similar in appearance to that observed 
in the earlier experiments, so that it would appear that some com- 
bination takes place between the Grignard product and the trioxy- 
methylene or formic ester. 

Further experiments are in progress, but it was thought that the 
results obtained up to the present were of sufficient interest to 
warrant their publication. 


EXPERIMENTAL. 
Action of Benzaldehyde on Magnesium Methyl Iodide.* 


Twelve grams of magnesium turnings were allowed to react with 
20 c.c. of a mixture of 72 grams of methyl iodide and 100 c.c. of 
anhydrous ether. When the first violent reaction was over, 100 c.c. 


* The author is indebted to Mr. J. A. Hartley for assistance in the execution of 
this experiment. 
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of ether were added, and the remainder of the methyl iodide-ether 
mixture was allowed to run slowly on to the magnesium, the whole 
being then gently warmed on the water-bath to effect complete 
solution of the magnesium. This solution was cooled in ice, and a 
mixture of 52 grams of benzaldehyde and 50 c.c. of ether was 
slowly added to it, care being taken that no rise in temperature 
took place. (In an experiment in which phenylmethylcarbinol was 
required, the usual precaution was not observed, and it was found 
that, instead of almost a theoretical yield of the carbinol, the 
quantity obtained was only about 20 per cent. of that theoretically 
possible. The principal product of the reaction in this case was a 
liquid, boiling at 148—150°/15 mm., which did not react with 
sodium. On warming with phosphorus pentachloride, this liquid 
yielded phenylethyl chloride, and it was probably diphenylmethyl- 
carbinyl ether.) The flask containing the mixture was allowed to 
remain overnight, and a further quantity of 52 grams of benz- 
aldehyde mixed with 50 c.c. of ether was slowly added. A very 
slight rise in temperature was observed, while the supernatant ether 
became yellow, and the grey, crystalline mass, which constituted 
the first product of the reaction, became viscous. After all the 
benzaldehyde had been added, no trace of crystalline structure could 
be observed. The fiask was now heated gently on the water-bath 
during twelve hours, the only noticeable changes being that the 
ether became less yellow in colour, whilst the viscous mass gradually 
became dark brown. The mixture, after cooling, was poured into 
dilute sulphuric acid, ice being added to prevent any rise in 
temperature. The ethereal layer was now separated, washed 
successively with dilute acid, dilute sodium hydrogen sulphite solu- 
tion, dilute sodium carbonate solution, and finally with water, and 
after dehydration it was submitted to fractional distillation in a 
vacuum. The product was thus divided into two fractions, the 
first (about 40 grams) boiling below 150°/15 mm., whilst the second 
fraction distilled between 200° and 220° under the same pressure, 
and it solidified on cooling. The first fraction contained about 
20 grams of benzaldehyde, which was separated as the sodium 
hydrogen sulphite compound, and the remainder of this fraction 
consisted of phenylmethylcarbinol. The second fraction was 
drained, and after recrystallisation several times from alcohol it 
melted sharply at 53°. (Meyer and Oelkers give the melting point 
of methyldeoxybenzoin as 53°, whilst Beilstein’s ‘‘ Handbuch ” 
[3rd ed., Vol. II., p. 230] gtves 58°.) From 20 to 30 grams of 
pure product were thus obtained in fine, faintly yellow needles. 
(Found, C=85'56; H=6°42. C,;H,,O requires C=85°'71; H=6°66 
per cent.) 
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The oxime and semicarbazone of this ketone are difficult to pre- 
pare, but a simple means of identifying the substance consists in 
the formation of a bromine derivative. If a solution of bromine 
in carbon disulphide is addéd to a solution of the ketone in the 
same solvent, the colour of the bromine disappears, and heat is 
developed. No evolution of hydrogen bromide is observed, but on 
cooling the solution to the ordinary temperature a solid separates, 
which may be recrystallised from alcohol, in which solvent the sub- 
stance is not very soluble. The pure product melts at 159—160°: 


0°2260 gave 0°2320 AgBr. Br=43°55 per cent. 
C,;H,,OBr, requires Br=43°25 per cent. 


The substance is therefore the dibromide of the ketone. 

An attempt was made to determine whether derivatives of the 
tautomeric form of the ketone could be obtained. A quantity of 
the ketone was boiled for some time with an excess of acetyl chloride, 
and the solution was then allowed to cool. Crystals separated, 
which were collected and recrystallised from alcohol. The sub- 
stance was not readily soluble in this solvent, and separated from 
it in colourless leaflets, which melted at 111—112°. It contained 
chlorine, and an estimation of this element gave a result (Cl =15°52) 
which agreed with the formula C,H,*C(CH;):CCl-C,H;. (C,;H,3Cl 
requires Cl=15°54 per cent.) 

Attempts were made to hydrolyse methyldeoxybenzoin into 
acetophenone and benzyl alcohol, but they were not successful, the 
substance being almost unchanged by boiling with sulphuric acid 
(1H,SO, : 1H,O) or by heating with concentrated hydrochloric acid 
in a sealed tube at 150°. The only decomposition product that 
could be isolated was a very small quantity of benzaldehyde. 


Action of Benzaldehyde on Magnesium Dimethylcarbinyl Iodide. 


This experiment was carried out as in the preceding case, the 
formation of a brown, viscous mass being again observed. After 
decomposition of the product with dilute acid, the ethereal extract 
was dehydrated and distilled with a fractionating column to pre- 
vent dimethylcarbinol passing over with the ether. When the 
thermometer had reached 50° the receiver was changed, and a frac- 
tion (A) was collected up to 130°. The residue was distilled under 
diminished pressure, when two fractions, B (100—150°/15 mm.) 
and C (150—210°/15 mm.), were obtained. The distillate (A) had 
a strong odour of acetone, and it gave iodoform when treated with 
iodine and sodium carbonate solution. It was probably a mixture 
of acetone and isopropyl alcohol, but the quantity of substance was 
too small to admit of the separation of the two. Fraction (B) was 
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redistilled under the ordinary pressure at which it boiled, between 
195° and 220°, leaving a small quantity of residue, which was 
added to (C). The distillate contained a small quantity of phenyl 
isopropyl ketone, for it gave a phenylhydrazone which melted at 
126° (Claus, J. pr. Chem., 1892, [ii], 46, 480), but the greater part 
of the fraction consisted of benzyl alcohol, which was identified by 
conversion into benzyl chloride and pnitrobenzyl chloride 
(m. p. 72—73°). The distillate (C) was redistilled under 15 mm. 
pressure, and a fraction, which boiled steadily at 165°, was thus 
obtained. It gave a phenylhydrazone which separated from alcohol 
in faintly yellow leaflets, melting at 145°. 


0°2276 gave 23 c.c. N, at 19° and 755 mm. N=11°82. 


This would agree with a formula, C,,H,gN, (N=11°76 per cent.), 
isomeric with that of the phenylhydrazone of phenyl ssopropyl 
ketone. 

An oxime (m. p. 110°) was also obtained, but the constitution of 
the fraction (C), which is apparently a ketone, has not yet been 
definitely settled. 


Action 0; Benzaldehyde on Magnesium Phenyl Bromide. 


A solution of 12 grams of magnesium in a mixture of 75 grams 


of bromobenzene and 150 c.c. of ether was dropped very slowly into 
a cooled solution of 106 grams (2 mols.) of benzaldehyde in 200 c.c. 
of ether. At first a bright yellow solution was obtained, but as the 
addition proceeded a viscous oil separated from tne ether. The 
mixture was allowed to remain overnight, and was then warmed 
during twelve hours on the water-bath, after which time the pro- 
duct was decomposed in the usual manner. Two chief fractions 
were obtained on distillation in a vacuum, the former (A) boiling 
below 150°, and the second (B) distilling between 150° and 200°, 
whilst a small quantity of tetraphenylethane (m. p. 209°) was also 
obtained. The fraction (A) was shaken with sodium hydrogen 
sulphite solution to remove excess of benzaldehyde, and the remain- 
ing liquid distilled at 204—208° under the atmospheric pressure. 
Boiling with concentrated hydrochloric acid converted this liquid 
into benzyl chloride (b. p. 176°), which on nitration gave pnitro- 
benzyl chloride. The fraction (A) was therefore benzyl alcohol. 
Fraction (B) was redistilled, and the greater part or it distilled 
constantly at 180°/15 mm. The distillate did not solidify for some 
considerable time, but the addition of a trace of benzophenone pro- 
duced instant crystallisation of the whole mass. The substance was 
recrystallised from alcohol, when it melted at 48°, and it did not 
affect the melting point of a specimen of benzophenone obtained in 
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the usual manner. The oxime was prepared, and this agreed in 
its properties with those of benzophenoneoxime (m. p. 140°). 


Action of Acetaldehyde on Magnesium Phenyl Bromide. 


Twelve grams of magnesium were dissolved in a mixture of 
75 grams of bromobenzene and 50 c.c. of ether, and to this solution 
was slowly added, with cooling, a solution of 45 grams of 
acetaldehyde in 90 c.c. of ether. The grey, crystalline mass which 
first separated became viscous only when the mixture had remained 
overnight, and it was then heated during eight hours on the water- 
bath, decomposed with acid, and, after dehydration, the ethereal 
extract was distilled. The distillate passing over below 
120°/20 mm. weighed 40 grams, and above that temperature a 
further quantity of 7 grams was obtained, whilst no appreciable 
amount of residue was left. After further fractionation of the first 
distillate, a quantity of substance was obtained which boiled between 
90° and 100°/15 mm., whilst a small amount of diphenyl (m. p. 70°) 
was isolated. The distillate, which was evidently a mixture, con- 
tained a bromine compound, which was identified by allowing 
sodium to react with an ethereal solution of the substance. 
Diphenyldimethylethane (m. p. 124°) was isolated in this reaction, 
from which it is inferred that phenylethyl bromide was present in 
the original distillate. The remaining component of the distillate 
was identified as acetophenone. By roughly estimating the amount 
‘of the phenylhydrazone formed from a weighed quantity of the 
distillate, it was concluded that acetophenone formed about 60 per 
cent. of the product. 


Action of Ethyl Formate on Magnesium Diphenylcarbinyl Bromide. 


A solution of 12 grams of magnesium in a mixture of 50 c.c. of 
ether and 75 grams of bromobenzene was obtained; to this was 
added a mixture of 50 c.c. of benzaldehyde in 50 c.c. of ether, and 
the whole was allowed to remain for some hours. A solution of 
40 grams of ethyl formate in 50 c.c. of ether was slowly added, 
and the mixture was heated for eight hours. The reaction mixture 
was now decomposed with dilute acid; the ethereal layer was 
separated, dehydrated, and distilled under 15 mm. pressure. Three 
fractions were obtained: (A) 12 grams boiling at about 100°, 
(B) 26 grams boiling at 178°, (C) 4 grams boiling at about 250°, 
as well as a large amount of residue, which was not examined. 
The fractions were examined in order. (A) consisted of benzyl 
bromide. The liquid, boiling at 178°, was also a bromo-derivative, 
and by allowing sodium to react with an ethereal solution of this 
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substance, tetraphenylethane was obtained, so that the original 
substance must have been diphenylmethyl: bromide. This was con- 
firmed, first, by the preparation of benzhydryl ethyl ether, and, 
secondly, by the production of benzhydrylamine from it. The 
substance was not obtained in the crystalline condition; but this 
was probably due to the presence of some benzhydrol, from which 
it could not be separated by distillation. The fraction (C) solidified 
in the receiver, and it was found to be tetraphenylethane. It 
erystallises from acetic acid in needles, melting at 209°. 


Action of Ethyl Formate on Magnesium Phenylmethylcarbinyl 
Iodide. 


The reaction was carried out in a manner similar to that immedi- 
ately preceding, and from the products, which soon became dis- 
coloured owing to the separation of iodine, only phenylethyl iodide, 
diphenyldimethylethane (produced by decomposition of phenyl- 
ethyl iodide), and a trace of methyldeoxybenzoin were isolated. As 
ethyl a-phenylpropionate was the product expected in this reaction, 
the whole of the fraction boiling below 110°/15 mm. (which frac- 
tion contained the phenylethyl iodide, and should have contained 
and ethyl a-phenylpropionate produced in the reaction) was boiled 
with alcoholic potassium hydroxide solution, but no trace of 
a-phenylpropionic acid could be found. 


Action of Trioxymethylene on Magnesium Phenylmethylcarbinyl 
Iodide. 


One molecular proportion of dry, finely-powdered trioxy- 
methylene was added to the Grignard mixture obtained from 
magnesium methyl iodide and benzaldehyde, and the whole was 
then heated during several hours on the water-bath. The products 
of this reaction were the same as those mentioned in the preceding 
case. No trace of a-phenylpropaldehyde could be found, 
although, as this aldehyde very easily combines with sodium 
hydrogen sulphite, it would have been an easy matter to detect its 
presence. 
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LV.—Phytin and Phytic Acid. 


By GrorGe CLARKE. 


Tue name phytin has been applied to a white, amorphous substance 
which has been observed by Palladin (Zeitsch. Biol., 1895, 31, 199) 
to occur in the seeds of many plants, and yields inositol and phos- 
phoric acid on hydrolysis under pressure with solutions of mineral 
acids or alkalis. An examination of the methods used in preparing 
the material investigated by previous workers left no doubt that 
different substances have been described as phytin, and that these 
substances were not: always homogeneous. This conclusion was con- 
firmed by the divergent published results representing the composi- 
tion of phytin (compare Jegorov, Biochem. Zeitsch., 1912, 42, 433, 
and Plimmer and Page, Biochem. J., 1913, 7, 158). 

The acid obtained from phytin by the removal of the bases, 
calcium and magnesium, has been described as phytic acid, but no 
salt or derivative of it of undoubted purity has been isolated and 
analysed. Many of the substances described as phytic acid have 
been mixtures of phosphoric acid and an organic phosphoric acid. 

Schulze and Winterstein (Zeitsch. physiol. Chem., 1896, 22, 90; 
1903, 40, 121) prepared phytin by extracting the fat-free seeds of 
Sinapis nigra with 10 per cent. sodium chloride solution, coagulating 
the proteins by boiling, and, after cooling and filtering, precipitating 
phytin from the cold protein-free sodium chloride solution by heat- 
ing. The substance thus obtained was identical in properties with 
that prepared by the methods recorded below. These authors men- 
tioned the fact that phytin was less soluble in hot than in cold 
acetic acid, but did not develop this method of preparation. 
Winterstein (Ber., 1897, 830, 2299) prepared phytin by extracting 
seeds with dilute acetic acid and precipitating it from the solution 
by ammonia. The free acid was obtained by the removal of the 
bases by means of oxalic acid, and yielded inositol and phosphoric 
acid on hydrolysis under pressure with concentrated hydrochloric 
acid. The substances prepared by the latter methods were un- 
doubtedly mixed with calcium and magnesium phosphates and 
phosphoric acid. 

Posternak (Compt. rend., 1903, 137, 202, 338, 439) extracted 
phytin from various fat-free seeds by means of very dilute hydro- 
chloric acid, separating the substance by precipitation of the copper 
salt, decomposing the latter by hydrogen sulphide, and treating 
with alcohol the syrupy acid substance obtained by the evaporation 
of the acid solution. The final product was soluble in water, and 
thus differed from that obtained by Schulze and Winterstein (loc. 
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cit.) and the present author, which was insoluble. Posternak stated 
that the substance prepared by him was free from nitrogen and 
inorganic phosphates. 

Treatment with alcohol of the syrupy acid residue obtained by 
the latter worker would separate a large amount of inorganic phos- 
phoric acid from the final product, but an examination of the free 
acid liberated from *» product obtained by analogous methods, by 
carefully fractionating the strychnine salt, showed that it contained 
inorganic phosphoric acid. In this connexion it is of interest to 
note that Page and Plimmer (Biochem. J., 1913, 7, 168) have found 
that samples of commercial phytin always contained inorganic phos- 
phoric acid. 

Free phytic acid, obtained by Posternak, was described as a pale 
yellow, transparent syrup, yielding inositol and phosphoric acid on 
hydrolysis, and giving no precipitate in the cold, but a characteristic 
yellow precipitate on warming with ammonium molybdate solution. 
He ascribed to the acid the formula C,H,O,P,, and the constitution 
represented by anhydro-oxymethylenediphosphoric acid, 

[CH,*O-PO(OH),],0. 
One of the arguments on which this formula was based was the fact 
that phytin and phytic acid were not hydrolysed by alkalis, a state- 
ment that Winterstein (Zeitsch. physiol. Chem., 1908, 58, 121) has 
since shown to be incorrect. Neuberg (Biochem. Zeitsch., 1908, 9, 
557) has brought forward additional evidence to show that the 
inositol ring formation exists in phytin and phytic acid. 

The methods used in the preparation of the material, on the 
analysis of which Posternak based the formula C,H,O,P,, did not 
preclude the possibility of admixture with phosphoric acid. 

The phytin previously examined had been prepared by one of 
the methods described, or some slight modification of them. 

Starkenstein (Biochem. Zeitsch., 1911, 30, 59) has stated that 
air-dried commercial phytin contains a considerable quantity of 
inorganic phosphoric acid, and that the amount is increased by 
drying at 100°. He attributed this to the decomposition of phytin 
into inositol and phosphoric acid at that temperature, but did not 
record the isolation of inositol. Anderson (J. Biol. Chem., 1912, 
11, 473) failed to confirm his conclusions that phytin was so easily 
decomposed. 

The results of experiments recorded in this communication have 
shown that the free acid liberated from air-dried phytin of homo- 
geneous composition—which was separated from admixed mineral 
phosphates by precipitation from cold dilute acetic acid by boiling 
—consisted of a mixture of approximately equal quantities of an 
organic phosphoric acid (phytic acid) and phosphoric acid. 
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A solution of the ammonium salt of the organic phosphoric acid, 
prepared from a pure strychnine salt, gave no precipitate on warm- 
ing to 60° with a nitric acid solution of ammonium molybdate, and 
only a very slight one on remaining at that temperature for several 


hours. 

An explanation of the behaviour of phytin is that it is not simply 
a salt of an inositolphosphoric acid, but a complex substance, 
possibly a complex calcium-magnesium salt of an inositolphosphoric 
acid and phosphoric acid, and, on removing the bases, yields the 
two acids. The fact that the composition of pure phytin, prepared 
as described below, corresponded with no calcium-magnesium salt 
of a simple acid ester of inositol and phosphoric acid, gave support 
to this view. The strychnine salt of the organic phosphoric acid, 
isolated from the mixture of acids obtained from phytin, on the 
other hand, gave results on analysis in agreement with salts of 
simple inositolphosphoric acids. 

Anderson (J. Biol. Chem., 1912, 11, 471) prepared from com- 
mercial phytin obtained from two sources a series of salts, which on 
analysis gave figures corresponding with salts of inositolhexaphos- 
phoric acid, C,H,O,{PO(OH).|,. He described an acid tribarium 
phytate prepared by precipitation from 0°5 per cent. hydrochloric 
acid solution by the addition of an equal volume of alcohol. This 
salt was probably one of the purest derivatives of phytic acid 
hitherto isolated, but it seemed not impossible from the methods 
of preparation that the salt as well as the acid prepared from it 
might contain some phosphoric acid. 


EXPERIMENTAL. 


Preparation of Phytin. 


The seeds of Indian field mustards, a mixture of Brassica juncea 
(H. fil. and T.) and Brassica campestris (Linn.), were extracted 
with petroleum for several days. The petroleum extract was 
separated by means of a centrifugal machine, and the seeds dried 
in the sun for a few hours. Twenty-seven kilograms of air-dried, 
fat-free seeds were extracted for seven days with 100 litres of 4°5 
per cent. acetic acid. The extract was separated from the seeds as 
completely as possible in the centrifuge, boiled for fifteen minutes, 
and allowed to cool. This procedure coagulated a large portion of 
the proteins. After remaining overnight, the supernatant extract 
was easily syphoned off. The dark brown extract thus obtained was 
again heated to boiling. A small quantity of phytin separated out, 
but the solution was too dilute and impure for any quantity of 
material to be obtained in this manner. Aqueous ammonia was 
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then added to the boiling extract until it was just alkaline, and the 
boiling continued for a few minutes. A large quantity of dark- 
coloured precipitate (A) was thus obtained, which was separated 
by filtration while still hot, and well washed with boiling water. The 
crude precipitate (A) contained phytin, calcium and magnesium- 
ammonium phosphates, and a considerable quantity of protein and 
other organic impurity. It was intimately mixed with 16 litres of 
8 per cent. acetic acid, and extracted for two or three hours with 
constant shaking. The extract was separated from the undissolved 
organic impurities by filtration through cloth, boiled, allowed to 
cool overnight, and the cold solution thoroughly stirred. The un- 
dissolved and precipitated matter was then easily separated by 
filtration through paper, and a perfectly clear filtrate obtained. 
Aqueous ammonia was added to the boiling filtrate until it was 
just alkaline, the white precipitate (B) being collected on a filter 
and washed with boiling water until almost free from ammonia. 
The white precipitate (B) consisted of phytin and calcium and mag- 
nesium-ammonium phosphates. It was dissolved in 6 litres of 
8 per cent. acetic acid, and a very small amount of insoluble matter 
separated by filtration. The clear solution thus obtained was 
boiled for some minutes. Much phytin was precipitated, and it was 
separated by filtration through a Biichner funnel while the liquid 
was still hot, then well washed with boiling water, and finally with 
ethyl alcohol, 82 grams being obtained. The hot filtrate from 
which the phytin had been separated was again made alkaline with 
ammonia, and the precipitate (C) separated and washed. It was 
dissolved in 2 litres of 8 per cent. acetic acid, and phytin separated 
by boiling, filtering while still hot, and washing with water and 
alcohol as described above. Fifteen grams were obtained. The 
filtrate from this was again subjected to similar treatment, a smaller 
volume of 8 per cent. acetic acid being used (1 litre), and yielded 
8 grams of phytin. The residual filtrate on treatment with excess 
of ammonia yielded a further precipitate, which consisted mainly 
of calcium and magnesium-ammonium phosphates, and contained 
only a very small amount of carbon. 

The total yield of phytin was 105 grams, or 0°38 per cent. of the 
air-dried, fat-free seeds. 

The following yields of phytin were obtained in other prepara- 
tions: 


27°0 kilograms of air-dried fat-free seeds gave 125 grams of phytin = 0°46 per cent. 
*28°8 9 ” ” » 165 29 2? = 0°57 
31°5 ” ” ” », 152 ” ” = 0°47 


* Seeds extracted with 0°2 per cent. hydrochloric acid. 


Very dilute hydrochloric acid can be used instead of dilute acetic 
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acid for the extraction of the seeds, and some of the material used 
in this investigation was prepared by extraction with 0°2 per cent. 
hydrochloric acid, the phytin being subsequently purified by 
separation from 8 per cent. acetic acid. It was found, however, 
that the extracts obtained by the use of dilute hydrochloric acid 
were more difficult to handle than those obtained by dilute acetic 
acid. 

Phytin prepared in the manner described above was a snow-white, 
amorphous powder, resembling in properties the substance described 
by Schulze and Winterstein (Zeitsch. physiol. Chem., 1896, 22, 90). 
It contained carbon, hydrogen, phosphorus, calcium and mag- 
nesium, but no trace of nitrogen could be detected. It was in- 
soluble in hot and cold water, readily soluble in very dilute mineral 
acids, and soluble in cold, but sparingly so in hot dilute acetic acid. 
It was precipitated from a cold 8 per cent. acetic acid solution on 
boiling, completely redissolving when allowed to cool. 

A solution of phytin in very dilute nitric acid gave an abundant 
yellow precipitate with acid ammonium molybdate solution on 
warming to 60°. 

The following fractions from different preparations were prepared 
for analysis: 

(A) Fifty grams of phytin dissolved in 2000 c.c. of distilled 
water and 100 c.c. of glacial acetic acid. .The solution obtained was 
quite clear and free from undissolved material. It was heated, not 
quite to boiling. The precipitated phytin was separated by filtra- 
tion, well washed with boiling water until free from acid, finally 
with alcohol, and dried on a porous plate. 

(B) The filtrate from A was boiled for fifteen minutes. Phytin 
was again precipitated, separated, washed with boiling water, but 
not with alcohol, and dried on a porous plate. 

(C) Seventy grams of phytin from a separate preparation were 
dissolved in 2500 c.c. of 5 per cent. acetic acid. The clear solution 
was heated for some time by passing steam into it. The precipi- 
tated phytin was separated, washed with water and alcohol, and 
dried. 

(D) Seventy grams of phytin from a preparation made by ex- 
tracting mustard seeds with 0°2 per cent. hydrochloric acid, and 
subsequent purification by precipitation from 8 per cent. acetic 
acid, were dissolved in 2500 c.c. of 5 per cent. acetic acid. Phytin 
was separated from the perfectly clear solution by heating, washed 
and dried. 

It is somewhat difficult to obtain phytin in an anhydrous con- 
dition. After heating for several hours at 110° in a vacuum over 
phosphoric oxide, it still continued to lose weight. When heated 
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under similar conditions at 180° for five hours it became constant 
in weight, and remained so after prolonged heating for many hours. 
The anhydrous substance, dried at 180° and dissolved in dilute 
acetic acid, was precipitated again unchanged by boiling. 

Plimmer and Page (Biochem. J., 1913, 7, 162) have referred to 
the difficulty of analysing phytin, and have critically examined the 
methods of determining calcium and magnesium in the presence of 
phosphoric acid. They mention also the difficulty of completely 
burning carbon in the presence of phosphoric acid. 

The following methods were used in the analyses of phytin 
recorded below : 

Carbon and Hydrogen.—The anhydrous substance was intimately 
mixed with the finest powdered copper oxide. 

Calcium and Magnesium.—The organic matter was oxidised by 
concentrated sulphuric acid. After diluting with water, calcium 
was separated from the solution as calcium sulphate by the addition 
of an equal volume of alcohol, and magnesium estimated in the 
filtrate as Mg,P,O,, after the removal of alcohol by evaporation 
and oxidation with nitric acid as described by Plimmer and Page 
(Joc. cit.). 

Phosphorus was determined (after the oxidation of the organic 


matter by concentrated sulphuric acid) by means of ammonium 
molybdate, and weighed as Mg,P,0,. 

The following results were obtained on analysis of the fractions 
described above, after drying in a vacuum over phosphoric oxide 
at 180°: 


Fraction A. 


0°4176 gave 0°1482 CO, and 0°0620 H,O. C=9°67; H=1°64. 

04866 ,, 03044 CaSO, and 0°041 Mg,P,0;, Ca=18°39; 
Mg=1°84. 

0°4421 gave 0°3210 Mg,P,O,. P=20°21. 

*0°4866 ,, 0°359 Mg,P,0O,, P=20°53. 


Fraction B. 


0°4650 gave 0°1694 CO, and 0°0698 H,O. C=9°93; H=1°66. 
0°4592 = ,, 0°2812 CaSO, and 0°0458 Mg,P,0,. Ca=18'01; 
Mg=2'18. 
* Estimated as Mg,P,0,, after separation of CaSO. 
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Fraction C. 


0°4330 gave 0°1530 CO, and 0°0756 H,O. C=9°63; H=1°94. 

0°4070 ,, 0°1440CO, ,, 0°0684 H,O. C=9°65; H=1°86. 

0°6210 ,, 0°3880 CaSO, and 0°0520 Mg.P,0,, Ca=18°37; 
Mg=1°'83. 

0°4504 gave 0°3370 Mg,P,O,, P=20°82. 


Fraction D. 


0°3758 gave 0°1334 CO, and 0°0530 H,O. C=968; H=1°56. 
*0°4774 ~,, 0°1626 CO, ,, 0°0680 H,O. C=9°:29; H=1°58. 
0°4950 ,, 0°3100 CaSO, and 0°0404 Mg,P,0,. Ca=18°40; 
Mg=1°78. 
0°3680 gave 0°2736 Mg,P,O,. P=20°69. 
C12H2044P9Ca;Mg requires C=9°70; H=1°48; Ca=18°87; 
Mg=1'61; P=20°88. 
C,H 904gP9Ca,Mg requires C=9°82; H=1°34; Ca=19°09; 
Mg=1°63; P=2i'14. 
C,H g04,P9Ca;,Mg requires C=10°06; H=1°12; Ca=19°58; 
Mg=1°'67; P=21°67 per cent. 


The composition of separate preparations of phytin, purified by 
separation from cold dilute acetic acid, was constant. 

Phytin is decomposed by heating under pressure with 30 per cent. 
sulphuric acid into inositol and phosphoric acid (Posternak, Compt. 
rend., 1903, 137, 439; Winterstein, Ber., 1897, 30, 2299). 

Fifteen grams of phytin were heated with 67 c.c..of 30 per cent. 
sulphuric acid in a sealed tube at 130° for ten hours. The dark- 
coloured solution was diluted with water, and calcium sulphate, 
which had separated out, removed by filtration. Excess of sulphuric 
acid was removed by treatment with finely powdered barium car- 
bonate. The solution, which contained inositol, was evaporated to 
a small bulk, removing from time to time the slight deposits of 
mineral matter. The concentrated solution was acidified with two 
drops of nitric acid, poured into five times its volume of ethyl 
alcohol, and ether added. Inositol separated out as a viscid mass, 
which quickly solidified. Yield=3°5 grams. 

Six grams of inositol from the above and other similar prepara- 
tions were boiled for two hours with 50 grams of recently distilled 
acetic anhydride and 0°5 grams of zine chloride, and the reaction 
mixture poured into cold water. Hexa-acetylinositol separated, and 
was purified by several recrystallisations from ethyl alcohol. It 
melted sharply at 211° (uncorr.), and was dried at 110° for analysis. 


® 
* Anhydrous substance mixed with powdered lead chromate. 
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(Found, C=50°0; H=5°6. C,.H,,0,. requires C=50°0; H=5'5 
per cent.) 

The decomposition of phytin into inositol and phosphoric acid 
takes place in accordance with the following equation : 

CpH2044,P,>9Ca,Mg + 8H,O + 8H,SO,= 

2C,H,,0, + 10H,PO, + 7CaSO, + MgSO,. 
Fifteen grams of phytin gave 3°5 grams of inositol. 
C12H044P,,Ca,Mg requires 3°6 grams of inositol. 


Examination of the Acid from Phytin, CyHo.0y4P)Ca,Mg. 


Seventy grams of air-dried phytin were dissolved in 2:5 litres of 
5 per cent. acetic acid, and basic lead acetate solution was added 
until no further precipitate was produced. The lead salt was 
separated, washed with boiling water until free from acetic acid, 
and decomposed by hydrogen sulphide. Excess of the latter was 
removed from the acid solution by boiling under diminished 
pressure, and sufficient cold saturated copper acetate solution added 
to precipitate the acid. The copper salt was separated, washed 
with boiling water, and deprived of copper by means of hydrogen 
sulphide. The strongly acid solution thus obtained was evaporated 
to a syrup under diminished pressure, and treated with 500 c.c. of 
95 per cent. ethyl alcohol. A large quantity of a white, flocculent 
substance (I) separated. This was coagulated by boiling for a few 
minutes, filtered from the alcoholic extract, and washed with a 
little alcohol. 

The white substance (I) contained phosphorus, calcium and 
carbon, and readily dissolved in cold water. Its aqueous solution 
was precipitated with cold saturated copper acetate solution. The 
copper salt was decomposed by hydrogen sulphide, and the acid 
solution evaporated to a syrup. This syrup was treated with 95 per 
cent. ethyl alcohol (300 c.c.). A smaller amount of a white sub- 
stance (II) separated, which was filtered from the alcoholic extract 
after boiling, and washed with alcohol. Its aqueous solution was 
again precipitated with copper acetate solution, the copper salt 
separated, deprived of copper, and the acid solution treated as 
before. This procedure was repeated until the syrupy acid residue 
was completely soluble in 95 per cent ethyl alcohol. About five 
operations were necessary. 

The alcoholic solutions of the acid obtained by the above opera- 
tions were mixed together, evaporated under diminished pressure, 
and finally dried in a vacuum over sulphuric acid. 

The acid thus obtained was a viscid, dark-coloured syrup, free 
from calcium and magnesium. It was very readily soluble in 


CLARKE: PHYTIN AND PHYTIC ACID. 543 


water or alcohol, and gave a yellow precipitate with acid ammonium 
molybdate solution on slightly warming. 

Twenty-two grams of acid produced from phytin in the manner 
described above were dissolved in 3 litres of water, and 50 grams 
of recently precipitated strychnine, in as fine a state of division as 
possible, added to the solution. On heating, nearly all the strych- 
nine dissolved. A small amount of resinous impurity separated, 
and was removed. The solution of strychnine salts was evaporated 
under diminished pressure to 1 litre, and allowed to remain over- 
night. Strychnine phytate separated out in small, colourless, 
needle-shaped crystals, melting at 203—204° (uncorr.). This salt 
was crystallised many times from water, in which it was only 
sparingly soluble. The melting point remained unchanged. 
Strychnine phytate contains water of crystallisation, which it loses 
very slowly on exposure to air, rapidly when dried at 115°. Its 
aqueous solution gave an acid reaction with blue litmus. 

Separate fractions of strychnine phytate dried at 115° gave, on 
analysis, the following results (the anhydrous salt was intimately 
mixed with the finest powdered copper oxide for the estimation of 
carbon and hydrogen) : 


0°2208 gave 0°4776 CO, and 0°1188 H,O. C=58°99; H=5°98. 
0'2407 ,, 05198 CO, ,, 0°1284 H,O. C=5889; H=5°92. 
0°3510 ,, 0°7560 CO, ,, 0°1832 H,O. C=5874; H=5°79. 
01762 ,, 0°3816 CO, ,, 0°0950 H,O. C=59°05; H=5'98. 
0°1888 ,, 0°4092 CO, ,, 0°0970 H,O. C=59:11; H=5-70. 
0°2750 ,, 0°5930 CO, ,, 0°1440 H,O. C=5880; H=5°81. 
Mean=58'°92; =5°86. 
0°3936 gave 0°0934 Mg,P,0,, P=6°59. 
04896 ,, 0°1158 Mg,P,0O,, P=6°58. 
0°6090 ,, 0°1440 Mg,P,0O,. P=6°58. 
0°5354 ~,, 01300 Mg,P,0,, P=6°75. 
0°4574 ,, 01138 Mg,P,O,. P=6°92. 
0°3874 ,, 0°0960 Mg,P,0,, P=6°89. 
Mean = 6°72. 


0°4176, air-dried salt, lost 0°0302 H,O. H,O=7:23. 
0°6916 * »  » 00480 H,O. H,O=6°94. 
1°2360 - » » 0°0846 H,O. H,O=6°84. 

Mean =7°00. 


The composition of the strychnine salt agreed with the strychnine 
salts of several inositolphosphoric acids in which strychnine and 
phosphorus are in the ratio of 1 molecule of strychnine to 1 atom 
of phosphorus; for example: 
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I. CgH,O.(HPO,),,2C,,H..O0,N, requires C=59°25; H=5'55; 
P=6'37 per cent. 
C,H,0,(HPO,),.,2C,,H.0.N>o,4H,O requires H,O=6'90 per cent. 
II. CgH,O.(H,PO,),,4C,;H,0,N, requires C=58°87; H=5°66; 
P=6°75 per cent. 
C,H,0,(H,PO,),,4C,,;H,.0,N.,8H,O requires H,O=7°27 per cent. 
III. C5H,(H,PO,),,6C,,H.0,N, requires C=59'45; H=5°63; 
P=6'98 per cent. 
C,H¢(H,PO,),,6C,,;H,0,N,,12H,O requires H,O =7'50 per cent. 

II and III are acid salts. The acids in formule I and II are 
capable of yielding a complex calcium magnesium salt with phos- 
phoric acid of the composition C,H .0.,P;;Ca,Mg, which would 
decompose on removal of the bases and liberation of the free acid 
into inositolphosphoric acids and phosphoric acid. 

The solution from which strychnine phytate (m. p. 203—204°) 
had separated was further evaporated under diminished pressure. 
After the separation of a small additional quantity of salt, melting 
at 203—204°, the mother liquors, on concentrating to small bulk, 
deposited a large quantity of a readily soluble salt (m. p. 252—253°). 
The amount of this salt was approximately equal to the weight of 
strychnine phytate obtained. It was easily separated in a state of 
purity from the sparingly soluble strychnine phytate, and proved, 
on examination, to be strychnine dihydrogen phosphate. 

0°3130 gave 0°0824 Mg,P,0,, P=7°32. 

0°2962 ,, 0°0754 Mg,P,0, P=7°08. 

C,,;H,0.N2,H,PO, requires P=7°17 per cent. 

Phosphoric acid was prepared from the strychnine dihydrogen 
phosphate described above by decomposing an aqueous solution with 
excess of sodium carbonate solution, separating the strychnine, pre- 
cipitating the phosphate as lead phosphate in the presence of dilute 
acetic acid, and decomposing the lead salt by means of hydrogen 
sulphide. An aqueous solution of the phosphoric acid was treated 
with sufficient benzylamine to form benzylamine dihydrogen phos- 
phate, and the latter salt purified by recrystallisation from water. 
When dried at 110° it gave the following results on analysis: 

0°3030 gave 0°1642 Mg,P,0O,. P=15°08. 

C,H,N,H;PO, requires P=15°12 per cent. 

Additional proof that the acid liberated from phytin contains 
much phosphoric acid, in addition to the organic phosphoric acid 
already described, was obtained during attempts to prepare the 
l-menthylamine salt. 

Nineteen grams of /-menthylamine were neutralised by a solution 
of the mixed acids prepared from phytin, and an equal volume of 
the same solution was added. This strongly acid solution on slow 
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evaporation in a vacuum over sulphuric acid deposited, in the form 
of rhombic prisms, 15 grams of J-menthylamine dihydrogen phos- 
phate. 

After purification and drying at 100° it gave, on analysis, the 
following result: 

0°2268 gave 0°0984 Mg,P,O,, P=12°07. 

0°3334 ,, 0°1442 Mg,P,0O,, P=12°04. 

C,)H.,N,HsPO, requires P=12°21 per cent. 

The solution from which /-menthylamine dihydrogen phosphate 
had been separated, on further evaporation in a vacuum over 
sulphuric acid, deposited /-menthylamine phytate in the form of an 
uncrystallisable oil. 


Preparation of Inositol from Strychnine Phytate. 

Nineteen grams of pure air-dried strychnine phytate (m. p. 
203—204°) were dissolved in the least possible quantity of boiling 
water, and decomposed by a slight excess of aqueous ammonia. 
Strychnine was separated after remaining overnight, and the solu- 
tion of ammonium phytate evaporated to dryness and dried in a 
desiccator over sulphuric acid. Ammonium phytate is a non-crystal- 
lisable gum, very readily soluble in water. In the presence of a 
few drops of dilute nitric acid it gives no precipitate with acid 
ammonium molybdate solution on warming to 60°, but if allowed to 
remain for several hours at that temperature a very slight yellow 
precipitate is formed, owing to the slow hydrolysis of phytic acid. 

Five grams of dry ammonium phytate were dissolved in 25 c.c. of 
30 per cent. sulphuric acid and heated in a sealed tube at 120—130° 
for eight hours. The dark-coloured solution was diluted with 
water and filtered frem a small deposit of carbon. Sulphuric acid 
was removed by treatment with barium carbonate, and the solution 
containing inositol evaporated to small bulk, acidified with a few 
drops of nitric acid, and poured into alcohol. Inositol separated as 
a solid, crystalline mass (1°5 grams). The hexa-acetyl derivative, 
prepared by boiling with acetic anhydride and a trace of zinc 
chloride, was purified by crystallisation from ethyl alcohol, and 
melted sharply at 211° (uncorr.). It was dried at 110° for analysis. 
(Found, C=50°27; H=5°47. C,,H,,0,. requires C=50°00; H=5°55 
per cent.). 


The author desires to express his thanks to his assistant, Mr. 
S. C. Banerjee, for valuable help in the preparation of the phytin 
used in this investigation. 
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SMYTHE: THE OXIDATION OF SOME 


LVI.—The Oxidation of Some Benzyl Compounds of 
Sulphur. Part II. Benzyl Tetrasulphomde. 


By Joun ArmstronGc SMYTHE. 


THE oxidation, by means of hydrogen peroxide, of several mono- 
and di-sulphidic compounds containing the benzyl radicle formed 
the subject of a recent communication (T., 1912, 101, 2076), and 
was undertaken in the hope of gaining some insight into the more 
complicated reactions occurring during the oxidation of the tri- 
and tetra-sulphides. The study of these reactions, and also of the 
properties of the chief product, benzyl tetrasulphoxide, is now 
completed, and the results are recounted in the following pages. 

The rupturing (with resulting degradation into the mono- 
sulphidic compounds, sulphuric and benzylsulphonic acids, and 
simultaneous production of benzaldehyde) which was found to 
characterise the disulphidic compounds in the later stages of 
oxidation is a feature also of the oxidation of the tri- and tetra- 
sulphides; by limiting the amount of oxidising agent, however, the 
oxidation of tetrasulphide, similarly to that of the disulphide, can 
be arrested at an intermediate stage, the corresponding tetra- 
sulphoxide being produced. The yield of this, under suitable con- 
ditions, is almost quantitative. 

The behaviour of benzyl trisulphide is very different, for limited 
oxidation, instead of leading to the trisulphoxide, furnishes the 
tetrasulphoxide, identical in all respects with the compound pre- 
pared from the tetrasulphide. The yield in this case does not 
exceed 50 per cent., and the other products of reaction are 
benzaldehyde, sulphuric acid, and benzylsulphonic acid. 

It is to be expected, from analogy to the mono-, di-, and tetra- 
sulphides, that the first stage in the limited oxidation of the tri- 
sulphide would consist in the formation of the trisulphoxide; this 
compound is evidently either unstable under the conditions of 
experiment or incapable of permanent existence. In the further 
interpretation of the reaction two possibilities present themselves. 

The trisulphoxide may be hydrolysed, in a manner similar to 
that already postulated in the case of the disulphoxide (loc. cit., 
p- 2077), into sulphinic acid and a sulphoxylic acid, thus: 

CH,Ph-SO-SO-SO-CH,Ph + H,O= 

CH,Ph-SO,H + CH,Ph-SO-SOH. 
The formation of the tetrasulphoxide would then be accounted 
for by the oxidation of the sulphoxylic compound (2 mols.), and 
the other products of reaction wouid result from the known decom- 
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position of the sulphinic acid into benzaldehyde, benzyl disulph- 
oxide, and sulphur dioxide (Fromm, Ber., 1906, 39, 3308), and the 
further oxidation of the last two of these, the ultimate products of 
these changes being benzaldehyde, sulphuric and sulphonic acids. 

The other possibility is that the trisulphoxide undergoes inter- 
molecular reaction, the process being one of autoxidation and reduc- 
tion, somewhat after the manner of the decomposition of hypo- 
chlorites into chlorates and chlorides: 

2CH,Ph-|SO],-CH,Ph =CH,Ph-[SO|,-CH,Ph + 

CH,Ph-(SO],-CH,Ph. 

On this view, the tetrasulphoxide is the direct result of the decom- 
position of the trisulphoxide, and the other products arise from the 
oxidation of the disulphoxide. 

Although this representation has perhaps the merit of simplicity, 
yet it suffers from the drawback that no disulphoxide has ever been 
detected in the numerous experiments which have been made on 
the oxidation of the trisulphide; and in view of the proved pro- 
duction of disulphoxide as a secondary product of oxidation, for 
example, in the case of benzoyl benzyl sulphide (T., 1912, 101, 
2081), there is every reason to expect that, if formed in this 
reaction, part at least would escape further oxidation. On the 
other hand, the view of the reaction as involving primary hydrolysis 
brings it into line with the interpretation of the oxidation pheno- 
mena of disulphidic compounds, and this advantage may well 
counterbalance the drawback arising from the assumption of an 
intermediate compound which cannot be isolated. The quantitative 
aspect of the reaction, to which considerable attention has been 
paid, is, unfortunately, incapable of deciding between the two views, 
owing to the subsequent attack of the oxidising agent on the tetra- 
sulphoxide. 

From the evidence available, then, the origin of the tetrasulph- 
oxide in the reaction between hydrogen peroxide and benzyl 
trisulphide is to be sought in the hydrolysis of the normal product 
of oxidation, the trisulphoxide, and the subsequent oxidation of one 
of the hydrolytic products. 

Benzyl tetrasulphoxide is in many ways a noteworthy compound, 
and a brief summary of its properties may be given here, in so far 
as they serve to bring out its relationships to other organic sulphur 
compounds and throw light on its constitution. 

The compound decomposes at its melting point, 139°, into benzyl 
disulphide, benzaldehyde, and sulphur dioxide. In this respect it 
is analogous to benzyl monosulphoxide, which, when destructively 
distilled at 210°, yields the same three products, in addition to 
toluene (Fromm and Achert, Ber., 1903, 36, 534). A somewhat 
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different course of decomposition is followed in solution, the pro- 
ducts being benzyl disulphoxide, sulphur, and sulphur dioxide: 
CH,Ph-[SO],-CH,Ph = CH,Ph:*(SO],*CH,Ph +S + SO,. 

This is, apparently, the usual mode of decomposition under a 
variety of conditions. Thus, treatment with sodium ethoxide yields 
a solution containing sulphide and sulphite, and if benzyl chloride 
is also present, then benzyl sulphone and _ benzaldehyde-benzyl- 
mercaptal are produced, and both of these substances result from 
the action of sodium ethoxide and benzyl chloride on benzyl 
disulphoxide. Again, reduction of the tetrasulphoxide with 
hydrogen sulphide yields sulphur and benzyl disulphide; and the 
same products, in addition to benzyl trisulphide, are formed by 
reduction with benzyl mercaptan. These reactions find a ready 
explanation on the assumption that the tetrasulphoxide is first 
decomposed according to the above equation, and that the primary 
decomposition products, sulphur dioxide and benzyl disulphoxide, 
then enter into reaction with the hydrogen sulphide and mercaptan. 

The formation of benzyl trisulphide by the action of benzyl 
mercaptan on the tetrasulphoxide is of some interest, although this 
does not strictly constitute a method for the conversion of the 
tetra- into the tri-sulphide, since part only of the sulphur of the 
trisulphide comes from the tetrasulphoxide (and hence from the 
tetrasulphide) ; the remainder of the sulphur, and also the benzyl 
radicles, are supplied by the mercaptan. The converse change, 
from tri- to tetra-sulphide, has not yet been realised; but since 
metallic reducing agents convert the tetrasulphoxide into benzyl 
mercaptan and hydrogen sulphide, and as these are the reduction 
products, by the same agents, of the tetrasulphide, it may be 
admitted that the change has been virtually effected. 

When warmed with solutions containing hydrogen chloride, the 
tetrasulphoxide undergoes a curious reaction, reminiscent of the 
metallic polysulphides, sulphur and hydrogen sulphide being pro- 
duced. Although the mechanism of this reaction is obscure, some 
interest attaches to the formation of a reducing agent under these 
conditions, and the reaction has its analogue in that, whereby 
benzyl mercaptan is produced, in certain circumstances, from 
hydrogen chloride and benzyl monosulphoxide (T., 1909, 95, 353). 

Towards nitric acid (D 1°3) the tetrasulphoxide, like the mono- 
and di-sulphoxides, is tolerably stable, but it is completely oxidised 
by excess of hydrogen peroxide, with formation of sulphuric and 
benzylsulphonic acids. A little benzaldehyde is also formed, as in 
the oxidation of all other polysulphidic compounds of benzyl. 

In the foregoing account the constitution of the oxidation pro- 
duct of the tri- and tetra-sulphides has been tacitly assumed, as 
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is indicated by the name adopted for the compound. A few words 
in justification of this assumption are therefore necessary. On this 
subject two questions arise: first, whether the tetrasulphide, from 
which the compound is directly derived, is to be represented as a 
simple chain compound of four sulphur atoms; and, secondly, 
whether the oxygen in the tetrasulphoxide is uniformly distributed 
among the sulphur atoms. 

The first point has been discussed in a general manner by 
Holmberg (Annalen, 1907, 359, 81), who favours the structure 
R-S:S-S:S-R for the organic tetrasulphides, as against that repre- 
sented by R-S*S-S-R, the latter being deduced from the method of 

8 
formation from mercaptans and sulphur chloride, on the grounds 
of the formal relationship between sulphur chloride, S:SCl,, and 
thionyl chloride, O:SCl,. 

The production of the tetrasulphoxide from both tri- and tetra- 
sulphide would be compatible with either view of the constitution 
of the tetrasulphide, but it would argue strongly for the simple 
chain structure, both of tetrasulphide and tetrasulphoxide, if it 
could be proved that the latter contains four sulphoxide groups. 

With respect to the distribution of oxygen within the tetra- 


sulphoxide molecule, there are several possibilities, as indicated by 
the following formule: 
1, CH,Ph’SO,°S°S-SO,°CH,Ph 2. CH,Ph:S:SO,°SO,°S:CH,Ph 


CH,Ph-SO:8-SO-CH,Ph 
SO, 

Of these formule, No. 1 has but little experimental support; 
No. 2 renders a good account of the resolution of the compound, 
on heating, into benzyl disulphide and sulphur dioxide; No. 3, 
notwithstanding its obvious disadvantages, gives, perhaps, the best 
representation of the production of the tetrasulphoxide from the 
trisulphide, although it leaves unexplained the formation of the 
other products of reaction, the yield of which is considerable. The 
characteristic reaction of the tetrasulphoxide, namely, its decom- 
position into benzyl disulphoxide, sulphur, and sulphur dioxide, is 
readily understood on the basis of formula 4, and all the other 
reactions of the compound, as well as its formation from the two 
sulphides, are compatible with it. 

In the absence, then, of decisive evidence, the balance of prob- 
abilities seems in favour of the view that the compound is best 
represented as in formula 4, and is, in fact, benzyl tetrasulphoxide ; 
and, further, that the tetrasulphide has the simple chain structure 
CH,Ph:S-S:S-S-CH,Ph, in common with the other organic tetra- 
sulphides, as maintained by Holmberg. 


3 4, CH,Ph:SO-SO-SO-SO°CH,Ph 
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EXPERIMENTAL. 


The benzyl tri- and tetra-sulphides used in the course of this 
work were prepared by the methods already described (T., 1910, 
97,1195). A more thorough purification of the tetrasulphide was 
effected than was formerly possible, and the melting point found 
to be 54°, that is, a little higher than previously stated. (Found, 
S=41°35. C,,H,,8, requires S=41°34 per cent.) The oxidising 
agent was hydrogen peroxide (30 per cent.), glacial acetic acid was 
used as solvent, and the treatment of the oxidation-products was 
similar to that described in the first paper of this series (T., 1912, 
101, 2076). 

Oxidation of Benzyl Trisulphide—The reaction between this 
compound and hydrogen peroxide usually sets in spontaneously 
after twenty-four hours’ contact, and is accompanied by consider- 
able evolution of heat. The solid oxidation-product crystallises 
from the solution in the form of minute, snow-white needles after 
keeping a day or two longer. If the liquors from this are used to 
dissolve more trisulphide, then immediate reaction sets in on addi- 
tion of the oxidising agent. 

The investigation of the solid oxidation-product is beset by more 
than ordinary difficulties, and these appear to arise from its in- 
stability. In the earlier experiments, the removal of the acetic 
acid was effected in a current of steam; the residue, on crystallisa- 
tion, melted at 108°, and proved to be benzyl disulphoxide. 
(Found, .C=60°63; H=5°69; S=23°57. C,,H,,0.S, requires 
C=60°41; H=5°03; S=23°06 per cent.) It will be seen later that 
the disulphoxide frequently results from the decomposition of the 
oxidation-product. 

The compound, as produced directly from the oxidation process, 
has a somewhat variable melting point, 124° to 139°. Attempts to 
purify it by solution in benzene, in which it is moderately soluble, 
even in the cold, and fractional crystallisation and precipitation by 
addition of light petroleum, did not meet with success; indeed, it 
was found that continuous fractionation in this manner, whilst not 
affecting greatly the melting point, lowered the content in carbon 
and sulphur, and presumably increased the oxygen-content. Trial 
with various other solvents met with similar lack of success. The 
only method of purification which proved of any service was to 
warm the compound in glacial acetic acid containing hydrogen 
peroxide. Slow decomposition takes place, but the presence of the 
oxidising agent ensures the conversion of the decomposition producis 
into soluble compounds; thus, on cooling, the original compound is 
partly recovered in a purified condition. This method, however, 
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does not always yield a sample pure enough for analysis, though it 
is of great value in the treatment of impure residues. 

The difficulties of investigation are further accentuated by the 
unsatisfactory character of the melting point. The compound 
usually softens a few degrees before melting, and liquefaction occurs 
over several degrees, evolution of gas taking place meanwhile. The 
size of the capillary tube and the rate of heating also cause varia- 
tion in the temperature of melting. 

By reason of these peculiarities, many analyses, particularly 
determinations of sulphur, have been carried out with different 
samples, and it has been found that specimens of low melting point 
give values too high for sulphur, usually 1 or 2 per cent., in extreme 
cases 7 per cent.; with such samples the complete analysis does not 
lead to any formula. Provided, however, the melting point is 
above 134°, the sulphur determinations are concordant with one 
another, and a formula is deducible from the complete analysis. 
The critical examination of the analytical data shows that the 
chief source of contamination of the oxidation-product is un- 
doubtedly sulphur, and it will be seen later that sulphur is one of 
the products of decomposition of the compound under conditions 
similar to those under which it is formed. The acquisition of a 
pure specimen of the compound is thus, to some extent, a matter of 
chance. In practice it is found advisable to operate with the 
materials in the proportion of 10 grams of trisulphide, 100 c.c. of 
acetic acid, and 25 c.c. of hydrogen peroxide, and to keep the 
mixture cool during active oxidation. The oxidation-product is 
collected, washed with acetic acid, and dried on a porous plate. If 
the sample melts fairly rapidly at, or above, 134°, effervescing 
strongly a few degrees higher, it may be regarded as pure. 

The mean of four determinations of carbon and hydrogen, and 
five of sulphur, made with samples prepared in this way, melting 
at 134—139°, some with and some without subsequent treatment 
with hydrogen peroxide, the deviations not exceeding the ordinary 
experimental limits, gave: Found, C=45'10; H=3°94; S=34°41. 

The molecular weight, determined cryoscopically in benzene solu- 
tion, gave the values 333, 335, 332. C,,H,,0,8, requires C=44°93 ; 
H=3°75; 8S=34'23 per cent. M.W.=374. 

The solid oxidation-product of benzyl trisulphide has thus the 
formula C,,H,,0,8,, and is either benzyl tetrasulphoxide or an 
isomeride ; the evidence, summed up in the introduction, points to 
the former interpretation. 

The yield of the tetrasulphoxide varies somewhat, according to 
conditions, the average being about 50 per cent. Limitation of the 
amount of hydrogen dioxide used, so that some trisulphide was left 
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oxidised, failed to furnish any evidence of the trisulphoxide to be 
expected in this reaction, or, indeed, of any other solid product, if 
a little free sulphur, sometimes separated in the colloidal state, be 
excepted. 

The liquors from the tetrasulphoxide yield a further crop of the 
compound on evaporation in a vacuum over potassium hydroxide, 
and, in addition, a small amount of benzaldehyde (identified as the 
’ hydrazone, m. p. 157°) and of benzoic acid derived from it, and 
relatively large amounts of sulphuric and benzylsulphonic acids. 
The last-named was isolated as its barium salt, which gave on 
‘analysis : 

0°4168 gave 0°1881 BaSO,. Ba=26°57. 

0°6498 lost 0°0452 at 110°. H,O=6°96. 

(C,H,°SO,),Ba,2H,O requires Ba= 26°60; H,O=6'98 per cent. 

0°6498, dehydrated salt, gave 0°2933 BaSO, Ba=28°55. 

(C,H,*SO,),Ba requires Ba= 28°66 per cent. 


The yields of the chief products in two experiments made with 
20 and 10 grams, respectively, of the trisulphide, using equivalent 
amounts of hydrogen peroxide, were: tetrasulphoxide, 48, 41 per 
cent. ; benzylsulphonic acid, 36, 41 per cent.; and sulphuric acid, 


15, 13°5 per cent. 

Oxidation of Benzyl Tetrasulphide—This compound is slowly 
oxidised by hydrogen peroxide, several days being required for the 
completion of the reaction, the course of which can be followed by 
the change in colour from the lemon-yellow of the tetrasulphide to 
the white of the oxidation-product; no appreciable heat is 
developed. The analytical proof that the solid oxidation-product 
is benzyl tetrasulphoxide presented the same difficulties as in the 
former case. Recrystallisation of the crude compound from warm 
acetic acid containing hydrogen peroxide was almost always neces- 
sary to obtain a pure product. One sample prepared in this 
manner, melting at 134°, decomposing at 136°, was completely 
analysed as follows: 


0°1624 gave 0°2636 CO, and 0°0596 H,O. C=44'27; H=4:08. 
01162. ,, 0°2957 BaSO, S=34'94. 

0°1548 ,, 03953 BaSO, S=35°07. 

C,,H,,0,8, requires C=44'93; H=3°75; S=34°23 per cent. 


The identity of this preparation, and many such, with the oxida- 
tion-product of the trisulphide was proved by similarity of reactions 
and by melting-point determinations of mixtures, carried out side 
by side with those of their constituents. No depression of melting 
point has ever been observed with such mixtures. 

The soluble products of oxidation are the same as in the case of 
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the trisulphide, namely, benzylaldehyde, sulphuric acid, and benzyl- 
sulphonic acid. The barium salt of the last was analysed: 0°5196 
gave 0°2365 BaSO,. (Found, Ba=26°78. (C,H,°SO,),Ba,2H,O 
requires Ba = 26°60 per cent.) 

The yield of these products varies considerably with the propor- 
tions of materials used. For equivalent quantities, the yield of 
tetrasulphoxide reaches 100 per cent., that of sulphuric and benzyl- 
sulphonic acids being very small. The yield of these acids increases, 
and that of the tetrasulphoxide decreases, with increase in the 
amount of oxidising agent, from which it is evident that the former 
are produced at the expense of the latter. This behaviour 
establishes a difference between the tri- and tetra-sulphides, for the 
trisulphide, even with equivalent quantity of hydrogen peroxide, 
does not yield more than 50 per cent. of the tetrasulphoxide. 


Reactions of Benzyltetrasul phoxide. 


It has not been found possible, as yet, to prepare simple deriv- 
atives of this compound, for all reactions lead to disruption and 
the production of compounds containing a fewer number of sulphur 
atoms in the molecule. The experiments described below have 
usually been performed in duplicate with samples prepared both 


from the tri- and the tetra-sulphide; in no case has any difference 
been observed, so that it is unnecessary to name the source of the 
tetrasulphoxide used. 

Decomposition by Heat.—(1) When the tetrasulphoxide is heated 
to its melting point, it decomposes vigorously, and sulphur dioxide 
is evolved. The quantitative determination of the sulphur dioxide 
was carried out with a number of different specimens, the gas being 
swept out of the decomposition-tube by a stream of carbon dioxide. 
The results vary by about 2 per cent., both in the case of duplicates 
of the same sample and of specimens of different origin, and the 
mean of six determinations gave 25 per cent. of sulphur dioxide. 
The solid residue, on purification, was identified as benzyl disulphide 
by its melting point and its characteristic reaction with silver 
nitrate. An appreciable amount of benzaldehyde is also formed 
during the decomposition. The reaction, expressed by the equation, 

CH,Ph:|SO],-CH,Ph = (CH,Ph),S,+ 280), 
corresponds to a yield of 34 per cent. of sulphur dioxide. This 
reaction is: clearly the main one, although evidently some side- 
reaction takes. place, evidenced by the production of benzaldehyde, 
and responsible for the. deficiency of sulphur dioxide. 

(2) Sulphur dioxide is also liberated when the tetrasulphoxide is 
boiled with aceti¢ anhydride; decomposition under. these conditions 
is much slower than in the former case, although the temperature 
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is practically the same. Most of the gas is disengaged after three 
hours’ heating, but complete decomposition is only effected after 
eight hours, a current of carbon dioxide passing continuously 
through the liquid. The yield of sulphur dioxide is 28 per cent., 
from which it is probable that the reaction is similar to the fore- 
going one. 

(3) In glacial acetic acid the decomposition takes a different 
ccurse, the solid products being sulphur and benzyl disulphoxide. 
The latter, on recrystallisation, melted at 108°, and gave on 
analysis : 

0°1156 gave 0°2571 CO, and 0°0538 H,O. C=60°64; H=5'17. 

0°1030 ,, 01728 BaSO,. S=23°00. 

C,,H,,0,S, requires C=60°41; H=5°03; S=23°06 per cent. 

Small quantities of benzaldehyde and benzyl mercaptan are also 
formed in this reaction. Complete decomposition is only attained 
after twelve hours’ heating at boiling temperature. The reaction 
evidently proceeds, in the main, according to the equation: 

CH,Ph-{SO],-CH,Ph=(CH,Ph),S8,0, + 8 + SO. 
The production of benzyl disulphoxide by distillation in a current of 
steam of the acetic acid liquors from the oxidation of the trisulphide 
was mentioned above, and is clearly to be ascribed to this reaction. 

(4) A change similar to the preceding one is wrought by the 
action of benzoyl chloride on a solution of the tetrasulphoxide in 
pyridine ; sulphur and benzy! disulphoxide are readily recognised as 
the solid products of reaction, and the reaction takes place, with 
development of heat, immediately the benzoyl chloride is added to 
the solution. 

(5) When iodine solution is added to a warm solution of the 
tetrasulphoxide in alcohol it is decolorised, at first very slowly, 
then with ever-increasing velocity, until the absorption of iodine 
is instantaneous; at the same time sulphur is set free, the 
solution becomes strongly acid, and the odour of benzyl iodide 
becomes apparent. The amount of iodine absorbed is equivalent 
to 32 per cent. of sulphur dioxide. 

This reaction is undoubtedly one of decomposition by heat in 
the early stages, the iodine being reduced by the sulphur dioxide 
set free; probably it is complicated later by the hydrogen iodide 
produced. 

Oxidation Reactions.—Benzyl tetrasulphoxide is slowly oxidised 
to sulphuric acid and benzylsulphonic acids under the conditions 
of its formation, and thus it comes about that the yield of 
sulphuric acid in the oxidation of either tri- or tetra-sulphide varies 
according to the time of contact and the quantity of hydrogen 
peroxide present. 
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In the case of the trisulphide, oxidation with equivalent amount 
of hydrogen peroxide, in the minimum time necessary for comple- 
tion of the reaction, yields about 15 per cent. of sulphuric acid; 
with excess of oxidising agent, the yield rises after one month to 
25 per cent., and complete oxidation in warm solution yields, on 
the average, 57 per cent. of sulphuric acid. 

In the case of the tetrasulphide, insufficiency of hydrogen peroxide 
always carries oxidation to some extent beyond the sulphoxide 
stage, even though some tetrasulphide remain unattacked ; and the 
same remark applies to other sulphur compounds, as, for instance, 
the disulphide and mercaptan. One may conclude from this that 
the velocity of sulphide oxidation, although unquestionably greater 
than, is of the same order of magnitude as, that of sulphoxide 
oxidation. 

Complete oxidation of the tetrasulphide in warm solution yields, 
on the average, 68 per cent. of sulphuric acid. 

The tetrasulphoxide, notwithstanding its readiness to decompose, 
is only completely oxidised with hydrogen peroxide in acetic acid 
solution after warming for several hours on the water-bath; its 
stability in this solution is therefore much the same either in 
presence or absence of the oxidising agent. The maximum yield 
of sulphuric acid is about 62 per cent., and this, as in the case of 
the tri- and tetra-sulphides, corresponds with the oxidation of a 
little more than half of the sulphur to sulphuric acid, the remainder 
passing into the form of benzylsulphonic acid. 

Two grams of tetrasulphoxide yielded, on complete oxidation, 
2°95 grams of barium sulphate and 1°4 grams of barium benzyl- 
sulphonate. (Found, Ba=26°43. (C;H,°SO,),Ba,2H,O requires 
Ba=26°60 per cent.) The only other product was a little benz- 
aldehyde. The yields of sulphuric and benzylsulphonic acids, calcu- 
lated from these data, are 62 and 42 per cent. Thus the reaction 
may be expressed by the equation : 

CH,Ph:-[SO],-CH,Ph + 7H,O, = 2CH,Ph-SO,H + 2H,SO, + 4H,0, 
half of the sulphur being oxidised to sulphuric acid and half to 
sulphonic acid. Some side-reaction, resulting in the formation of 
benzaldehyde and disturbing the quantitative relations, takes place 
in this as in all the other reactions studied. 

It may be well, before leaving this subject, to summarise the 
observations on the oxidation of these compounds. ‘The tetra- 
sulphoxide is oxidised directly, and almost quantitatively, to 
sulphuric and benzylsulphonic acids; the tetrasulphide is first con- 
verted into the tetrasulphoxide, which then behaves in like manner. 
The trisulphide, however, differs in that the reaction, whereby the 
tetrasulphoxide is produced from it, is accompanied by the simul- 
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taneous formation of sulphuric and benzylsulphonic acids; thus, the 
yield of these acids on complete oxidation of the trisulphide is made 
up of two factors, one arising from primary oxidation and decom- 
position, the other from oxidation of the tetrasulphoxide produced 
in the first reaction. 

Reduction Reactions.—Benzyl| tetrasulphoxide is rapidly attacked 
by metallic reducing agents, hydrogen sulphide and _ benzyl- 
mercaptan being formed. As these are also the products of reduc- 
tion of the tetrasulphide, it is probable that this compound is 
formed in the first stage of reduction of the tetrasulphoxide. Mild 
reducing agents, like hydrogen sulphide and mercaptan, do not 
react directly with the tetrasulphoxide, but in the presence of 
hydrogen chloride reduction takes place. The product, however, is 
not the tetrasulphide, as might be expected from analogy to the 
disulphoxide, for decomposition precedes reduction. 

(1) When the tetrasulphoxide is suspended in glacial acetic acid, 
and the liquid saturated with hydrogen sulphide and hydrogen 
chloride, the compound dissolves, and sulphur is slowly deposited, 
the amount increasing during several days. The filtrate from this 
yields only benzyl disulphide (m. p. 71°). Thus it appears that the 
tetrasulphoxide is first decomposed into sulphur, sulphur dioxide, 
and benzyl disulphoxide, and the last two products are then reduced 
by the hydrogen sulphide, yielding, thereby, a further quantity of 
sulphur, and, in addition, benzyl disulphide. 

(2) When the tetrasulphoxide (1 mol.) and benzyl mercaptan 
(8 mols.) are dissolved in glacial acetic acid, and the solution is 
saturated with hydrogen chloride, reaction soon begins, as mani- 
fested by the production of heat and the precipitation of a small 
amount of sulphur. After a few hours a crystalline product 
separates, and the reaction is soon completed. This product yields, 
on fractional crystallisation, two compounds, benzyl disulphide 
(m. p. 71°: Found, 8S=26°07. C,,H,,S, requires S = 26°06 per cent.) 
and benzyl trisulphide (m. p. 49°: Found, S=34°46. C,,H,,8, 
requires S = 34°58 per cent.), the latter in subordinate amount. 

The explanation of this reaction is to be sought in the decom- 
position of the tetrasulphoxide, according to the equation: 


CH,Ph:[SO],°CH,Ph =CH,Ph-[SO],-CH,Ph+S +S0,, 
followed by the oxidation of the mercaptan by the sulphur dioxide 
(T., 1910, 97, 1197): 

4CH,Ph’SH + SO, = (CH,Ph),S, + (CH,Ph),S3. 
The disulphide formed in the latter reaction is largely supple- 


mented by the mutual oxidation and reduction of mercaptan and 
disulphoxide (loc. cit., p. 1199). 
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The constituent reactions may be summed up by the equation: 
CH,Ph:[SO],-CH,Ph + 8CH,Ph-SH = 
4(CH,Ph),S, + (CH,Ph),S, +S + 4H,0. 

The yield of mixed di- and tri-sulphides calculated from this 
equation would be 3°4 times the weight of tetrasulphoxide. In one 
experiment, 4'3 grams of tetrasulphoxide and 12 grams of 
mercaptan gave, after reaction, a small amount of unaltered 
mercaptan and 12°1 grams of mixed sulphides. The yield of the 
latter is thus 3°3 times that of tetrasulphoxide, which is in excellent 
agreement with the calculated value. 

Action of Hydrogen Chloride.—Although the tetrasulphoxide is 
readily decomposed by hydrogen chloride in the presence of re 
ducing agents, little or no action is observed, even after long keep- 
ing, when the compound is suspended in acetic acid or alcohol and 
the liquid saturated with hydrogen chloride. On warming, how- 
ever, a remarkable reaction takes place; sulphur is precipitated, 
hydrogen sulphide is evolved, and the liquors on treatment yield 
benzyl disulphoxide. The determination of the hydrogen sulphide 
set free shows that only one-seventh of the total sulphur in the 
compound passes into the form of hydride. The mechanism of this 
reaction is not yet clear. 

Action of Alkaline Reagents.—Alcoholic solutions of alkalis 
react readily with the tetrasulphoxide, the solutions turning red 
and giving the tests for sulphides and sulphites. There is evidence, 
too, of the production of benzyl disulphoxide. 

More satisfactory results are obtained by the combined action of 
sodium ethoxide and benzyl chloride, under similar conditions to 
those described in the note following. The reaction takes place in 
cold solution. The excess of alcohol and the benzyl ethyl ether are 
removed in a current of steam, and the residue, on extraction with 
ether, yields benzyl sulphone (m. p. 151°: Found, S=13°21. 
C,,H,,0,S requires S=13°04 per cent.). On acidifying the liquors, 
and again shaking with ether, a crystalline substance is extracted 
(m. p. 61°), which proves to be benzaldehyde-benzylmercaptal, by 
comparison with a standard preparation of this compound. 

These observations, along with the proof given below that benzyl 
disulphoxide yields both benzyl sulphone and benzaldehydebenzyl- 
mercaptal on treatment with sodium ethoxide and benzyl chloride, 
amount almost to a demonstration that the tetrasulphoxide suffers, 
in alkaline solution, the same decomposition into benzyl disulph- 
oxide, sulphur, and sulphur dioxide as it does in acid solutions. 
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ADDENDUM. 


The Action of Sodium Ethoxide and Benzyl Chloride on Benzyl 
Disulphozxide. 


This reaction was first studied by Fromm and Palma (Ber., 1906, 
39, 3316), who established the formation of benzyl sulphone, and, 
apparently, also of benzyl sulphoxide, although the yield of the 
latter was very small and the melting point low. The determina- 
tion of carbon and hydrogen, however, gave results agreeing toler- 
ably well with the calculated values. In a later paper (Ber., 1908, 
41, 3410), Fromm proved that p-tolyl disulphoxide yielded, on 
similar treatment, the corresponding sulphone, but not the sulph- 
oxide, and he remarked that further investigation would be neces- 
sary in order to settle whether his previous observations on the 
benzyl compound were accurate, so far as concerned the formation 
of the monosulphoxide. 

As the point is of some importance in connexion with the last- 
described reaction of benzyl tetrasulphoxide, it was put to the test 
in the following manner: 2 grams of sodium were dissolved in 80 c.c. 
of alcohol, 10 grams of benzyl chloride were added, and the mixture 
brought into 80 c.c. of alcohol containing 4 grams of benzyl disulph- 
oxide. The liquid became warm and yellow, undissolved 
disulphoxide soon passed into solution, and sodium chloride 
separated out slowly. After keeping three days the materials were 
distilled in a current of steam, which removed alcohol and benzyl 
ethyl ether. On cooling, the residue was extracted with ether; on 
evaporation of the ether a good crop of benzyl sulphone (m. p. 151°) 
remained. The alkaline solution was now acidified and again dis- 
tilled in steam, whereby benzaldehyde (identified by its hydrazone) 
was removed, and the residual liquor yielded to ether a crystalline 
compound, melting at 61°, identified by comparison with a standard 
preparation, and by a determination of sulphur, as benzaldehyde- 
benzylmercaptal. (Found, S=18°70. C,,H. S, requires S=19°08 
per cent.) 

The yield both of sulphone and mercaptal amounted to 20 per 
cent. of the disulphoxide taken, and no trace of benzyl sulphoxide 
was found. It may be noted that the mercaptal is not, apparently, 
present as such in the alkaline liquor, but is set free, along with 
benzaldehyde, by acidification. 


The author’s thanks are due to the Research Fund Committee of 
the Chemical Society for a grant in aid of this investigation. 
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LVII.—The Constituents of Solanum Angustifolium - 
Isolation of a New Gluco-alkaloid, Solangustine. 


By Frank Tutin and Husert WiLL1AM BeNnTLEY CLEWER. 


In several countries in South America, namely, Peru, Bolivia, 
Paraguay, and the southern portion of the province of Buenos 
Ayres, in the Argentine Republic, a solanaceous plant occurs which 
is known as “Duraznillo Blanco.” This plant, which has been 
identified as Solanum angustifolium, Ruiz et Pavon, was brought to 
the notice of Dr. Power by Dr. E. H. Colbeck, as being a drug 
worthy of chemical investigation. It is employed in South America 
as a febrifuge, chiefly in the treatment of enteric fever. In Peru it 
is also used in cases of malaria, but with caution, on account of its 
reputed poisonous properties. 

At the suggestion of Dr. Power, the present authors have there- 
fore conducted a chemical investigation of the drug in question, 
which has led to the isolation of a number of compounds, including 
a new and interesting gluco-alkaloid. 

Several species of the extensive genus Solanum have hitherto 
been reported to contain bases which, in addition to their alkaloidal 
nature, were also glucosides. The name solanine has in all cases 
been applied to such bases, but a perusal of the literature of this 
subject reveals a state of great confusion, and makes it appear 
doubtful whether any pure gluco-alkaloid has heretofore been 
isolated. Thus, the solanine from Solanwm Dulcamara has been 
stated to possess the formula CyH,;O0,;N or CoH OjgN, and to 
yield, on hydrolysis, the base, solanidine, C,,H,,O,N. Solanine from 
the shoots of the potato (S. twherosum) has been stated to yield 
solanidine having the formula C,,H,,0,N. 

More recently, Oddo and Colombano (Gazzetta, 1905, 35, i, 27) 
prepared solanine from S. sodomeum, and assigned to it the 
formula (C,;H0,N),,H,O. They stated that it yielded, on hydro- 
lysis, solanidine, C;gH ON, but the sugar that was also found was 
not identified. At a later date, the same authors (Atti R. Accad. 
Iincet, 1906, [v], 15, ii, 312) modified their formula for solanine 
to (C,,H,,O,N),,H,O. Solanine from the seeds of S. tuberosum was 
then investigated by Colombano (ibid., 1907, [v], 16, ii, 683), who 
stated that it differed from the base obtained from S. sodomaum, 
and had the formula C,.H;,0,,N. The most recent work on the 
subject is by Oddo and Cesaris (Gazzetta, 1911, 41, i, 490), who 

propose to designate the bases obtained from the last-mentioned two 
species of Solanum as solanine-¢ and solanine-s respectively. The 
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latter compound they state to have the formula (Cj;HyO,N).,H,0O, 
and represent its hydrolysis by the following equation: 
(Cy7HgOgN).,H,O + HO + H, = 
Solanine-s. 
2C,3H,,ON + CyH 0, + Cy HO, + CgH,0;. 
Solanidine. Galactose. ? Dextrose. #Rhamnosc. 
The base described in the present communication, which has been 
designated solangustine, is at once differentiated from any 
previously described solanines by the insolubility of its salts. It 
is considered that it has been definitely established that its formula 
is C33H,,0,N, and that, on hydrolysis, it yields solangustidine, 
C,,H,,0,.N, together with one molecule of dextrose. 
A summary of the results of the general investigation of the 
plant will be found at the end of this paper. 


EXPERIMENTAL. 


The material employed in this investigation was obtained from 
Lima, Peru, and consisted of the leaves, twigs, and flowers of the 
plant which is there known as “ Duraznillo Blanco.” It was 
botanically identified by Mr. E. M. Holmes, F.L.S., as Solanum 
angustifoliwum, Ruiz et Pavon. 

A small portion (10 grams) of the dried and ground material 
was digested with Prollius’ fluid, and the resulting extract tested 
for an alkaloid. Copious precipitates were then obtained with all 
the usual reagents, thys indicating the presence of a considerable 
proportion of alkaloidal material. 

Another portion (25 grams) of the dried and ground material 
was extracted successively in a Soxhlet apparatus with various 
solvents, when the following amounts of extract, dried at 100°, 
were obtained : 

Petroleum (b. p. 35—50°) extracted 0°60 gram = 2°40 per cent. 
Ether 0°44 ,, 1°76 
Chloroform t 1°44 
Ethyl acetate ; , = 1°64 
Alcohol ‘96 23°84 


Total = 7°77 grams= 31°08 per cent. 
For the purpose of a complete examination, 30°92 kilograms of 
the dried material were completely extracted with hot alcohol, 
when, after the removal of the greater part of the solvent, 
12°73 kilograms of a viscid, dark green extract were obtained. 

A quantity (3 kilograms) of the above-mentioned extract was 
mixed with water, and steam passed through the mixture for several 
hours, when only a slight trace of essential oil passed over. There 
then remained in the distillation flask a dark brown, aqueous 
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liquid (A), and a quantity of a soft, dark green resin (B). The 
latter was separated, and repeatedly washed with boiling water, 
the combined washings being concentrated, and added to the main 
bulk of the aqueous liquid. 


Examination of the Aqueous Liquid (A). 


It having been ascertained that the extraction of the aqueous 
liquid (A) with ether could only be slowly and with difficulty 
effected, recourse was had to the use of chloroform. After ten 
extractions with the latter solvent, practically nothing more was 
removed, and the extracts, all of which were green, were washed 
and evaporated. The dark green, resinous residue was dissolved 
in a small amount of alcohol, and then largely diluted with ether, 
when a small amount of dark green, resinous material was pre- 
cipitated and removed. The latter apparently contained a small 
amount of amorphous, alkaloidal material, but nothing definite 
could be obtained from it. The ethereal filtrate was shaken with 
eight successive portions of 1 per cent. hydrochloric acid, when the 
resulting extracts each yielded reactions for alkaloid. The extrac- 
tion was then continued with 5 per cent. hydrochloric acid until 
the basic substance ceased to be removed. The extracts so obtained 
were separately examined, but they yielded only brown, amorphous 
products, possessing a strong, basic odour. The amount of these 
amorphous, alkaloidal products was not large, and no crystalline 
salt could be obtained from them. 

The first liquid, which had been obtained by extraction with 
1 per cent. acid, as above described, after being made alkaline and 
deprived of base, was re-acidified and extracted many times with 
ether. A small amount of a product was thus obtained which 
deposited some crystals and gave the colour reactions of gallic acid, 
but the amount was too small for further investigation. 

The ethereal solution, which had been extracted with hydro- 
chloric acid, as above described, was then shaken successively with 
aqueous ammonium carbonate, sodium carbonate, and potassium 
hydroxide. The first- and last-mentioned alkalis removed only 
small amounts of resin, but the sodium carbonate extract yielded 
a little slightly impure quercetin, very much larger amounts of 
which were subsequently shown to be present in the form of the 
gluco-rhamnoside, rutin. 

The neutral portion of the ethereal extract of the aqueous liquid 
consisted of about 2 grams of dark green, fatty material. 


AND CLEWER: 


TUTIN 


Isolation of Rutin, C5,H)0¢,3H,0. 


The aqueous liquid (A), which had been extracted with chloro- 
form, as above described, was kept for a few days, when a quantity 
(6 grams) of a substance was deposited in fan-shaped tufts of light 
yellow, microscopic crystals. This substance was very sparingly 
soluble in alcohol, and practically insoluble in the other usual 
organic solvents, with the exception of pyridine, in which it dis- 
solved readily. It was most conveniently purified by crystallisa- 
tion from water, in which it is sparingly soluble. On heating it 
sintered at 170°, and melted indefinitely between 185° and 220°. 
(Found, C=489; H=5'7. C,H, 0 ,3H,O requires C=48'8; 
H=5'4 per cent.) 

This substance was identified as the gluco-rhamnoside, rutin; 
this has been shown to crystallise with 3 molecules of water, which 
are somewhat difficultly eliminated on heating (compare Clarke, 
T., 1910, 97, 1833). It has been shown by A. G. Perkin (cbid., 
p. 1776) that the glucosides previously known as_ osyritrin, 
myrticolorin, and violaquercetrin, respectively, are also identical 
with rutin. 

A quantity of the rutin was hydrolysed by heating with dilute, 
aqueous sulphuric acid, and the resulting liquid extracted with 
ether. Quercetin was then obtained in small, yellow needles, melt- 
ing at 314°. (Found, C=59'4; H=3°6. Cale, C=596; H=3'3 
per cent.) It yielded penta-acetylquercetin, which formed soft, 
colourless needles, melting at 194°. The acid, aqueous liquid from 
which the quercetin had been removed was deprived of sulphuric 
acid and concentrated. On heating with phenylhydrazine acetate, 
it readily yielded an osazone, which was collected in two successive 
fractions. The first fraction, after recrystallisation from dilute 
pyridine, melted at 216°, and proved to be glucosazone. The second 
fraction was somewhat readily soluble in alcohol, and, after re- 
crystallisation from this solvent, melted at 182°, and was found 
to consist of rhamnosazone. 

Further amounts of rutin were subsequently isolated, as described 
below, and the total amount obtained was about 55 grams, being 
thus equivalent to about 0°75 per cent. of the weight of the plant 
employed. 


The aqueous liquid (A) from which the rutin had been separated 
was extracted fifteen times with amyl alcohol, the resulting liquids 
being washed and concentrated to a small bulk under diminished 
pressure. The liquid obtained by the first extraction yielded only 
a quantity of a dark-coloured, viscid product, readily soluble in 
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dry amyl alcohol. On concentrating the subsequent extracts, how- 
ever, a yellow, sparingly soluble solid separated. The latter was 
collected, and the material in the filtrate added to the above- 
mentioned viscid product. In this way two products were 
obtained: (a) the material sparingly soluble in dry amyl alcohol, 
and (4) that readily dissolved by the latter. 


es. 


Examination of the Product (a). 


‘ The product (a) was mixed with water and deprived of amyl 
; alcohol by means of steam, the resulting dark brown, aqueous 
solution being freed from traces of green material by extraction 
) with ether. No crystalline substance, however, could be directly 
obtained from this solution of the product (a), and it was therefore 
) sought to obtain some definite compound from it by hydrolysis. 
: Such an amount of sulphuric acid was therefore added to the 
) aqueous solution as to represent about 7°5 per cent. of the total 
mixture, whereupon an insoluble product separated in semi- 
gelatinous granules. The mixture was then warmed on a water- 
bath for fifteen minutes, after which the dark-coloured solid was 
collected on a filter. The filtrate was boiled for one hour in order 
to complete the hydrolysis of any glucoside it might contain. On 
shaking the cooled mixture with ether, and fractionally extracting 
the resulting ethereal liquid with various alkalis, a quantity of 
quercetin (m. p. 310°), together with some amorphous products, 7 
was obtained. It is evident, therefore, that either some rutin, or 
another glucoside of quercetin, had been extracted by means of the 
amyl alcohol, although the latter solvent, in a pure state, does not 
appear to dissolve rutin. 


Isolation of 3: 4-Dihydroxrycinnamic Acid. 


The acid, aqueous liquid which had been extracted with ether, as 
above described, was made strongly alkaline with potassium 
hydroxide, and boiled for a short time. The liquid was then 
quickly acidified and cooled, after which it was extracted with 4 
ether. On shaking the resulting ethereal liquid with aqueous : 
ammonium carbonate, and subsequently acidifying the alkaline 
liquid, a quantity (4 grams) of a crystalline acid was obtained. 
The latter separated from water in pale brown prisms, melting at 
216°, and was identified as 3: 4-dihydroxycinnamic acid. (Found, % 
C=60'2; H=4°6. Calc, C=60°0; H=4'4 per cent.) It yielded i 
3: 4-dimethoxycinnamic acid, melting at 180—181°. ; 


aks. 
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Isolation of a New Gluco-alkaloid, Solangustine, C,,H;,0,N,H,O. 


The previously mentioned dark-coloured solid which had 
separated on the addition of sulphuric acid to the aqueous solution 
of the product (a), as above described, was well washed with boil- 
ing alcohol, which removed most of the colour. It was then 
digested for some time with slightly diluted acetic acid, when, with- 
out dissolving to an appreciable extent, it eventually assumed a 
crystalline form. This substance proved to be the sulphate of an 
alkaloid. In working up the remainder of the original extract of 
the plant for the sole purpose of isolating a further quantity of 
this sulphate, it was not found necessary to follow the above- 
described procedure in full. The extract was mixed with water 
and distilled in a current of steam for the removal of the alcohol. 
The resin was then separated from the aqueous liquid, and the 
latter extracted many times with amyl alcohol, the extracts being 
subsequently washed with water and concentrated to a small bulk. 
The resulting product, part of which consisted of solid material 
which separated during the concentration, was then mixed with 
water, and deprived of amyl alcohol by means of steam. The 
dark-coloured, aqueous liquid so obtained was afterwards extracted 
repeatedly with ether until the greater part of the material soluble 
in this solvent was removed. It was then treated with sulphuric 
acid (about 5 per cent. of the weight of the liquid), the mixture 
warmed gently for about fifteen minutes, cooled, and the precipi- 
tated sulphate of the alkaloid collected. The latter was finally 
purified in the manner already indicated. 

In order to obtain the base from its sulphate, it was necessary 
to resort to the employment of warm amy] alcohol, since the alka- 
leid is insoluble, or nearly so, in all other usual solvents, and the 
salt insoluble, or practically so, in everything. The sulphate was 
therefore mixed with warm, aqueous sodium carbonate, and the 
mixture vigorously shaken with successive portions of warm amyl 
alcohol. The amyl alcohol extracts were then washed, and con- 
centrated to a small bulk under diminished pressure, when, on cool- 
ing, the alkaloid separated in the form of hard, pale yellow crusts, 
which, under the microscope, were seen to consist of aggregates of 
small crystals. The base so obtained was found to be a new 
gluco-alkaloid, and has been designated solangustine, with refer- 
ence to its botanical source. The amount of it isolated corre 
sponded with 0°062 per cent. of the weight of the air-dried drug 
employed. Solangustine was recrystallised by dissolving it in a 
large volume of hot amyl alcohol, and then concentrating and 
cooling the solution. On heating, it darkens slightly at about 225°, 
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and melts and decomposes at 235°. It contains solvent of crystal- 
lisation, and, when dehydrated, rapidly absorbs water from the 
atmosphere : 

0°7457,* on heating at 130°, lost 0°0233 H,O, after which, on 

exposure to the air, it reabsorbed 0°0231 H,O. H,O=3'1. 
0°0991 * gave 0°2421 CO, and 0°0870 H,O. C=66'6; H=9°7. 
0°0980* ,, 0°2386 CO, ,, 0°0832 H,O. C=664; H=9-4. 
0°3019* ,, 6°8 c.c. No (moist) at 18° and 754mm. N=2'6. 
C.3H;,0,N,H,O requires C=66°8; H=9°3; N=2'4; 
H,O=3°'0 per cent. 
It thus appears that solangustine possesses the formula C,,H;,0,N, 
and crystallises with 1 molecule of water, and this conclusion was 
borne out by the analysis of its derivatives, described below. The 
only solvent in which solangustine will dissolve at all readily is 
pyridine, but it cannot be crystallised from this liquid. Solangus- 
tine contains no methoxyl group, and its acetyl derivative was 
found to be uncrystallisable. 

Solangustine Sulphate, (CsgH;,0;N).,H.SO,,3H,0.—This salt was 
prepared in a state of purity by shaking a solution of the respective 
base in amyl alcohol with dilute, aqueous sulphuric acid. A pre- 
cipitate then separated, which consisted of small, colourless, acicular 
crystals, which did not melt or decompose at 325°. Solangustine 
sulphate, like the corresponding base, contains water of crystallisa- 
tion, and, when dehydrated, it is extremely hygroscopic: 

0°2144, on heating at 140°, lost 0°0089 H,O. H,O=4'1. 

0°1583 gave 0°0277 BaSO,. //SO,=7°2. 

(CsgH;30,N )o,H,S0,,3H,O requires H,O=4'1; //SO,=7°4 per cent. 
Solangustine sulphate appears to be insoluble in all solvents with 
the exception of acetic acid, in which it dissolves very sparingly on 
boiling. 

No water-soluble salt of solangustine could be obtained, and the 
above-described sulphate was the only salt isolated in a crystalline 
condition. The hydrochloride and nitrate were amorphous, in- 
soluble products. 


Hydrolysis of Solangustine. 


Formation of Solangustidine, Cy7H,,0.N, and Dextrose. 


A quantity (5 grams) of solangustine was dissolved in 500 c.c. 
of warm amyl alcohol, and 50 c.c. of 15 per cent. hydrochloric acid 
were added, together with sufficient alcohol to render the mixture 
homogeneous. The liquid was then boiled for six hours, after which 


* Heated at 130° to expel amyl alcohol and then exposed to the air until 
constant. 
PP?2 
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it was cooled, shaken with a moderate volume of water, and the 
aqueous layer separated. The latter was found to contain sugar, 
but no salt of an alkaloid. As, however, the amount of sugar 
formed was so small as to indicate that hydrolysis had not been 
complete, fresh quantities of hydrochloric acid and alcohol were 
added to the amyl alcohol liquid, and the mixture again boiled for 
six hours. It was found necessary to repeat this treatment four 
times before sugar ceased to be formed. 

The aqueous liquids containing sugar were then made exactly 
neutral by the cautious addition of potassium hydroxide, after 
which they were evaporated to a small bulk under diminished 
pressure. The greater part of the inorganic salt was then removed 
by precipitation with absolute alcohol, after which the filtrate was 
deprived of alcohol, and heated for two hours with aqueous phenyl- 
hydrazine acetate. The osazone which formed was collected and 
carefully examined for the presence of rhamnosazone by Perkin’s 
method (T., 1910, 97, 1777), when it was found to consist solely of 
dextrosazone, melting at 215°. It is thus evident that solangustine 
belongs to the little-known group of gluco-alkaloids. 

Solangustidine Hydrochloride, Cy;H4z0,.N,HCl—The amy] alcohol 
solution from which the sugar had been removed by shaking with 
water, as above described, was mixed with water and deprived of 
amyl alcohol by means of steam. There then remained in the flask 
an aqueous liquid, together with a quantity of a white solid in 
suspension. The latter was collected, and crystallised from absolute 
alcohol, to which a little alcoholic hydrogen chloride had been 
added, when it formed lustrous plates, which did not melt at 325°. 
It was most readily obtained crystalline by allowing its solution in 
boiling alcohol to evaporate: 

0°0971 gave 0°2567 CO, and 0°0874 H,O. C=72'1; H=10°0.* 

0°2047 ,, 0°0658 AgCl.+ Cl=8'0. 

01913 ,, 0°0609 AgCl.} Cl=7°9. 

C,,H,,0,.N,HCl requires C=72'1; H=9°8; Cl=7'9 per cent. 

This substance is thus seen to be the hydrochloride of a base 
which is produced, together with 1 molecule of dextrose, by the 
hydrolysis of solangustine. It is proposed to designate the hydro- 
lytic base solangustidine, and its formation may be represented by 
the following equation : 

C33H;30,N + HO =Co,H,,0.N + CgH 904. 

Solangustidine hydrochloride is sparingly soluble in amy] alcohol 
and hot ethyl alcohol, but is insoluble, or practically so, in the other 
usual solvents. It is quite insoluble in water. When it is dis- 

* Other analyses gave C=71°7, 71°38; H=9°9, 10°0. 
t By fusion method. ~ By Carius’ method. 
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solved in concentrated sulphuric acid, and the solution kept for 
some time, a reddish-yellow, slightly fluorescent liquid is obtained. 


In order to isolate solangustidine from its hydrochloride, a 
quantity of the latter was dissolved in alcohol, and the solution 
made alkaline by the addition of an alcoholic solution of sodium 
ethoxide. Water was then added, and the precipitated base 
collected. As thus obtained, solangustidine was amorphous, and 
had no definite melting point. When dry it formed a horn-like 
mass. It separated from dilute alcohol in amorphous granules, and 
all attempts to obtain it crystalline resulted in failure. It had 
evidently suffered no change by the treatment with alkali, since it 
readily regenerated the crystalline hydrochloride. 

Solangustidine Hydrobromide, Cy,H,,0.N,HBr.—A quantity of 
solangustidine was dissolved in alcohol, and a solution of hydrogen 
bromide in glacial acetic acid added. The mixture was then con- 
centrated, when a colourless, crystalline solid separated. The latter 
was dissolved in alcohol containing a little hydrogen bromide, and 
the solution concentrated, when colourless, lustrous plates, which 
melted and decomposed at 320°, separated from the boiling liquid. 
The hydrobromide is somewhat more soluble in alcohol than the 
corresponding hydrochloride, but, like the latter, is quite insoluble 
in water : 

0°0892 gave 0°2132 CO, and 0°0749 H,O. C=65°2; H=9°3. 

C,,H,,0,.N,HBr requires C=65°6; H=9°0 per cent. 

Solangustidine Nitrate, Co;xHygO.N,HNO;.—An alcoholic solution 
of solangustidine was acidified with dilute nitric acid, after which 
the liquid was diluted with water until a turbidity was produced. 
The mixture was then warmed, and allowed to cool slowly, when 
colourless leaflets separated, which become brown at 260° and melt 
and decompose at 290°. The nitrate is practically insoluble in 
water, but fairly readily soluble in hot, dilute alcohol: 

0°0947 gave 0°2362 CO, and 0°0831 H,O. C=680; H=9°7. 

C.,H,,0,N,HNO, requires C=68°0; H=9°2 per cent. 

Solangustidine Sulphate, (Cy,;H430.N).,H,SO,—An alcoholic 
solution of solangustidine was acidified with dilute sulphuric acid, 
when a white, amorphous powder separated. On boiling the mix- 
ture for some time the solid became crystalline, forming colourless 
leaflets, which do not melt at 330°, are very sparingly soluble in 
boiling alcohol, and insoluble in water : 

0°1938 * gave 0°0508 BaSO,. //SO,=10°8. 

(Cy,H4,0.N).,H,SO, requires //SO,=10°4 per cent. 
* Dried at 130°. 
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Solangustidine picrate was prepared by adding the requisite 
amount of picric acid to a solution of the base in alcohol. It 
formed yellow needles, which melted and decomposed at 250°. 

Attempts were made to prepare the aurichloride and _ platini- 
chloride of solangustidine, but they resulted in failure, owing, 
apparently, to the fact that these derivatives are more readily 
soluble than the corresponding hydrochloride. 

Acetylsolangustidine, Cy,HyO.N*CO-CH,.—A quantity (2 grams) 
of solangustidine hydrochloride was. boiled for one hour with acetic 
anhydride. When cool, the mixture was poured into ether, and 
the ethereal solution shaken with aqueous sodium carbonate until 
free from acid. It was then dried and evaporated, and the residue 
crystallised twice from ethyl acetate. Colourless, flattened needles 
were then obtained, which melted at 256°: 


0°1766,* on heating at 130°, lost 0°0032 H,O, which was quanti- 
tatively reabsorbed on exposure to the air. H,O=1°8. 
0°0923 * gave 0°2530 CO, and 0°0820 H,O. C=74:8; H=9°9. 
0°0854; ,, 0°2386 CO, ,, 0°0769H,O. C=762; H=10°0. 
0°3870 + in 21°38 of chloroform gave At+0°135°. M.W.=491. 
C,5H,;0;N,4H,O requires C=75'0; H=9'9; H,O=1°9 per cent. 
C,5H,;0,N requires C=76'5; H=9°9 per cent. M.W.=455. 


The material contained in the mother liquors from the acetyl- 
solangustidine was not homogeneous, and was found to contain 
unchanged solangustine. It yielded the pure acetyl derivative on 
more prolonged acetylation. 

Attempts were made to prepare the hydrochloride of acetyl- 
solangustidine, and, although indications were obtained of the 
formation of such a compound, it was not found possible to isolate 
it. This was owing to the fact that the salts of the acetyl base 
dissociated with extreme readiness, and when crystallised from 
alcohol, even in the presence of an excess of acid, they yield the 
original acetyl compound. 

Acetylsolangustidine is remarkably stable towards alkalis, since, 
when boiled for several hours with alcoholic potassium hydroxide, 
it is recovered unchanged. When, however, it is heated for a very 
prolonged period with concentrated alcoholic potassium hydroxide 
it slowly undergoes some change, but the amount of material avail- 
able was not sufficient to ascertain whether this resulted in the 
regeneration of solangustidine. 

When acetylsolangustidine is boiled for some hours with glacial 
acetic acid and concentrated hydrochloric acid, a_ yellow- 
coloured liquid is obtained, which exhibits a remarkably strong, 


* Air-dried substance. + Dried at 130°. 
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green fluorescence. The reaction product, however, consisted only 
of amorphous material. 


Examination of the Product (b). 


The product (b) (p. 563), which consisted of the material readily 
soluble in cold, dry amyl alcohol, was of a dark brown, viscid 
nature, and nothing definite could be directly separated from it. 
It was dissolved in water, deprived of amyl alcohol by means of 
steam, and then treated with sulphuric acid, when a quantity 
(2 grams) of rather impure solangustine sulphate was obtained, 
from which the pure salt could only with some difficulty be 
prepared. 

The acid filtrate from the crude sulphate, after being boiled, 
yielded to ether a small amount of quercetin. It was subsequently 
made alkaline with potassium hydroxide, and again boiled for some 
time, when it yielded about 2 grams of 3: 4-dihydroxycinnamic 
acid. The remainder of the product consisted only of resinous 
material. 


The aqueous liquid (A), which had been extracted with amyl 
alcohol, as above described, was kept for some time, when it gradu- 
ally deposited a further quantity (49 grams) of rutin. After 
filtration, a portion of it (200 c.c.) was examined for the presence 
of any further alkaloidal material. It was rendered alkaline with 
sodium carbonate, and extracted successively with ether, chloro- 
form, and amyl alcohol. The first-mentioned solvent removed a 
very small amount of alkaloid, possessing a strong odour, some- 
what resembling that of coniine, but the amount was insufficient 
for further examination. The chloroform and amyl alcohol 
removed nothing. 

The remainder of the aqueous liquid (A), which amounted to 
4°5 litres, was concentrated somewhat under diminished pressure, 
and then treated with an excess of aqueous basic lead acetate. 
The resulting copious, yellow precipitate was collected and washed, 
after which it was suspended in water and decomposed by means 
of hydrogen sulphide. The filtrate from the lead sulphide was then 
evaporated under diminished pressure, when a dark brown, viscid 
product was obtained, from which nothing could be directly 
separated. This viscid, brown material was divided into two por- 
tions, one of which was heated for an hour with dilute sulphuric 
acid, but the resulting products were entirely amorphous. The 
other portion was heated with aqueous potassium hydroxide in the 
manner previously described, when it yielded, in addition to 
amorphous products, a small amount of quercetin and a consider- 
able quantity of 3: 4-dihydroxycinnamic acid. 
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Isolation of 1-Asparagine. 


A portion (about one-fifth) of the aqueous liquid (A), which 
had been treated with basic lead acetate, was slightly acidified with 
acetic acid, and then treated with a solution of mercuric nitrate 
in dilute nitric acid until no further precipitate was produced. 
The precipitate was collected, washed, decomposed by means of 
hydrogen sulphide, and the liquid filtered. The filtrate was 
rendered slightly alkaline with ammonia, and then just acid with 
acetic acid, when it was concentrated under diminished pressure 
to a low bulk. The brown liquid so obtained was treated with 
animal charcoal, after which, on keeping, it deposited a crystalline 
substance in the form of prisms. The latter was collected and re- 
crystallised from water, when it formed colourless prisms, melting 
indefinitely at 227—238°, and was identified as /-asparagine. The 
amount obtained was about 0°25 gram, being equivalent to about 
0°02 per cent. of the air-dried plant. (Found,* H,O=12°0. 
C,H,O,N,,H,O requires H,O=12°0. Found,t C=365; H=6:2. 
C,H,O,N, requires C=36'4; H=6'1 per cent.) 


The remainder of the aqueous liquid (A) was deprived of lead 
by means of hydrogen sulphide, and concentrated under diminished 
pressure to a low bulk. The resulting syrup deposited no crystals, 
and no crystalline acetyl derivative could be prepared from it. 
It readily yielded d-phenylglucosazone (m. p. 212°), and therefore 
contained a quantity of a sugar, probably consisting chiefly of 
levulose. It was carefully examined for the presence of rhamnose, 
but with a negative result. 


Examination of the Resin (B) 


The resin (B) was a soft, dark green mass, and amounted to 
670 grams, being thus equivalent to about 9°2 per cent. of the 
weight of the drug employed. It was dissolved in alcohol, mixed 
with purified sawdust, and the thoroughly dried mixture extracted 
successively in a large Soxhlet apparatus with light petroleum 
(b. p. 35—50°), ether, chloroform, ethyl acetate, and alcohol. 


Petroleum Extract of the Resin. 


The petroleum extract of the resin was a dark green, fatty mass, 
and amounted to 540 grams. It was digested with about 2 litres 
of ether, and the mixture filtered, when a quantity (about 3 grams) 


* Air-dried substance. + Dried at 130°. 
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of a solid was removed, which was examined in connexion with the 
unsaponifiable constituents. 

The ethereal filtrate was extracted with 10 per cent. hydrochloric 
acid, when a small quantity of a green, amorphous, alkaloidal pro- 
duct was removed. It possessed a strong, basic odour, but nothing 
crystalline could be obtained from it. 

The original ethereal solution was then extracted with aqueous 
potassium hydroxide, when a quantity of a flocculent solid 
separated. The latter was collected, when it proved to be the 
potassium salt of a fatty acid, and was examined in connexion with 
a larger amount of a similar product obtained later. 


Isolation of a Phytosterolin, CygH5¢0¢. 


The alkaline, aqueous extract, which had been separated from 
the ether and solid material, as above described, was acidified and 
extracted with ether, when a quantity of a nearly black solid — 
separated, and was removed. Nothing crystalline could be 
obtained from it. The ethereal liquid was then shaken with 
aqueous potassium hydroxide, as before, when some neutral 
material, which had been occluded during the first extraction with 
alkali, remained in the ether. The alkaline liquid was then 
acidified and extracted with ether, during which operation a 
quantity (about 5 grams) of flocculent, green material separated, 
and was collected. 

This product was heated with acetic anhydride in the presence 
of pyridine for half an hour, when, after concentration, colourless 
leaflets separated. The latter substance, after recrystallisation 
from petroleum (b. p. 90—120°) and from alcohol, melted at 
168—169°, and was identified as a _ tetra-acetylphytosterolin. 
(Found, C=69°3; H=9°2. Cale., C=68°7; H=8°9 per cent.) 

0°3885, made up to 20 c.c. with chloroform, gave a,—1°0' in a 

2-dem. tube, whence |a],, — 25°7°. 

A quantity of this acetyl derivative was hydrolysed by means of 
alcoholic potassium hydroxide, when the resulting phytosterolin 
(phytosterol glucoside) was obtained. It separated from dilute 
pyridine in small, colourless crystals, melting at 300°. (Found, 
C=72°6; H=10°5. Cale., C=72°3; H=10°2 per cent.) 

The benzoyl derivative was prepared by benzoylation in pyridine 
solution. It crystallised from a mixture of chloroform and alcohol 
in colourless needles, melting at 200°. (Found, C=75°9; H=7°8. 
Cale., C=75°9; H=7'5 per cent.) 


The ethereal solution containing the free, fatty acids, which had 
been separated by filtration from the crude phytosterolin, as above 
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described, was evaporated, and the dark green residue esterified by 
means of methyl alcohol and sulphuric acid. The resulting ester, 
dissolved in ether, was shaken with aqueous potassium hydroxide, 
when a considerable amount of dark green, phenolic resin was re- 
moved, from which nothing crystalline could be obtained. The 
ethereal solution was then dried and evaporated, when, after purify- 
ing the residual esters by distillation under diminished pressure, 
they were examined in connexion with a similar product obtained 
from the combined acids, as described below. 

The ethereal solution of the neutral constituents of the petroleum 
extract was evaporated, and the residue heated for two hours with 
an excess of alcoholic potassium hydroxide. Water was then added, 
and the mixture repeatedly extracted with ether. During this 
operation a quantity of a flocculent solid separated at the juncture 
of the aqueous and ethereal layers. This was collected, when it was 
found to consist of a mixture of the potassium salts of the higher 
fatty acids, and its examination will be described later. 


Isolation of Triacontane, Cy pH. 


The ethereal solution of the unsaponifiable material, which had 
been separated from the alkaline, aqueous liquid and the potassium 


salt, as above described, was washed, dried, and evaporated. The 
residue, which amounted to 103 grams, was dissolved in alcohol, 
with the exception of a small amount of black, tarry material, 
which was discarded. On cooling the solution, a quantity (5 grams) 
of a solid separated, which was collected, and distilled under 
diminished pressure. The distillate was crystallised twice from 
ethyl acetate, when it formed lustrous, colourless leaflets, melting 
at 65°5°, and was identified as triacontane. (Found, C=85'1; 
H=14°8. Cale., C=85°3; H=14'7 per cent.) 


Isolation of a Phytosterol, Cy,H,,O. 


The alcoholic solution of the unsaponifiable material, from which 
the triacontane had been separated, was concentrated, and some 
ethyl acetate and a little water added. On keeping this mixture 
for some time a quantity (about 0°5 gram) of colourless leaflets 
separated. This product had the properties of a phytosterol, and 
melted at 131°, but it did not appear to be homogeneous. It was 
accordingly converted into the acetyl derivative, which formed 
colourless leaflets, melting at 121°, and the latter crystallised 
repeatedly, both from alcohol and ethyl acetate. On regenerating 
the phytosterol and crystallising it, colourless plates were obtained, 
which were apparently homogeneous, and melted at 134°: 
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0°2760,* on heating at 120°, lost 0°0138 H,O. H,O=5°0. 
0°1029 + gave 0°3160 CO, and 0°1120 H,O. C=83°8; H=12'1. 
C,,H,,0,H,O requires H,O=4'5 per cent. 
C,,H,,O requires C=83°9; H=11°9 per cent. 

The liquid from which the crude phytosterol had been removed 
contained a considerable quantity of a brown, sweet-smelling oil, 
from which no further crystalline material could be separated. It 
was examined for the presence of fatty alcohols by the phthalic 
anhydride treatment, but with a negative result, 


Examination of the Fatty Acids. 


The alkaline liquid from which the unsaponifiable material 
had been removed by means of ether was acidified and distilled 
with steam. This removed a small amount of a volatile acid having 
an odour of valeric acid. The mixture was then extracted with 
ether, when a small amount of phytosterolin separated, and was 
removed. The ethereal liquid was then dried and evaporated, and 
the dark green residue esterified by means of methyl alcohol and 
sulphuric acid. The resulting methyl esters were then freed from 
a little unchanged acid and much chlorophyll by shaking their 
ethereal solution with aqueous potassium hydroxide, and then wash- 
ing it with water, after which the liquid was dried and evaporated. 
The residue was then purified by distillation under diminished 
pressure, when a quantity (94 grams) of methyl ester was obtained. 
This product was added to the esters of the free acids previously 
mentioned, which amounted to 118 grams, and the whole hydrolysed 
by means of alcoholic potassium hydroxide. The resulting acids 
were isolated, and separated into their saturated and unsaturated 
components by means of the lead salt, in the usual manner. 

The Unsaturated Acids.—These acids were converted into the 
methyl ester, which amounted to 163 grams, and the latter distilled 
several times under diminished pressure, when the following frac- 
tions were collected: i, Below 215° (16°5 grams); ii, 215—218° 
(33°9 grams); ili, 218—222° (73°0 grams); iv, 222—225° 
(16°2 grams) /20 mm. 

The iodine values of fractions i, i, iii, and iv were respectively 
182°5, 200°7, 210°9, and 207°3. Fraction iii, on analysis, gave 
C=775; H=11'2 per cent. (Methyl linolate requires C=77'5; 
H=11'5 per cent.; I.V.=172°7; and methyi linolenate requires 
C=78'1; H=10°8 per cent.; I.V.=261.) 

It would therefore appear that the unsaturated acids consisted 
essentially of linolic and linolenic acids. 


* Air-dried substance. + Dried at 110°. 
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The Saturated Fatty Acids.—These acids amounted to 40 grams. 
They were mixed with the fatty acid (6 grams) obtained from the 
previously mentioned sparingly soluble potassium salts, and con- 
verted into the methyl ester. The latter was fractionally distilled 
several times under diminished pressure, when the following frac- 
tions were collected: i, Below 200°; ii, 200—205°; ii, 205—210°; 
iv, 210—215°; v, 215—225°; vi, 225—235°; vii, 235°+ /20 mm. 

Fractions i and ii solidified on cooling, and were found to consist 
of methyl palmitate. They yielded palmitic acid, melting at 63°. 
(Found, C=74°9; H=12°5. Cale, C=75°0; H=12°5 per cent.) 

Fractions ili, iv, and v all yielded impure products, which 
appeared to consist of mixtures of palmitic and stearic acids. 
(Found, C=75°6; H=12°6. Cale. for C,,H,0,, C=75°0; H=12°5; 
for C,,H;,0,, C=76°1; H=12°7 per cent.) 


Isolation of Cluytinic A cid, Cy,H4 0p. 


The above-mentioned fraction vi of the methyl esters partly 
solidified. On hydrolysis it yielded an acid, which was crystallised 
many times from alcohol, from acetic acid, and from ethyl acetate, 
when it melted constantly at 69°. On being compared directly 
with cluytinic acid obtained from Cluytia similis (T., 1912, 101, 
2226) and from hops (T., 1913, 108, 1283), it was found to be 
identical with both these preparations. In order further to estab- 
lish its identity, however, it was converted into its methyl ester. 
The latter formed colourless needles, melting at 47°, and was 
identical with the corresponding derivative prepared from the 
cluytinic acid of hops (loc. cit.). (Found, C=77'5; H=13'1. 
C..H,,0, requires C=77°6; H=12°9 per cent.) 


Fraction vii of the esters, together with the residues of high 
boiling point which remained in the flasks after the fractional 
distillations, was redistilled, when it solidified on cooling. On 
crystallisation from ethyl acetate it yielded methyl cerotate, melt- 
ing at 60°. On hydrolysis, the latter gave cerotic acid, melting at 
78°5°. (Found, C=78'9; H=13'2. Cale, C=79'0; H=13°2 per 
cent.) 

Ethereal Extract of the Resin. 


This extract of the resin was dark green, and amounted to 
46 grams. A portion of it (3 grams) was very sparingly soluble in 
ether, and formed a nearly black powder. The latter was extracted 
in a Soxhlet apparatus for a short time with ethyl acetate, when 
about 1 gram of crude phytosterolin remained undissolved. The 
ethyl acetate extract was evaporated, and the residue distilled under 
diminished pressure, when, on crystallisation from ethyl acetate, it 
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formed colourless leaflets, melting at 85°. This product, together 
with a further amount of similar material, obtained as described 
below, was found to consist of a higher fatty acid. It was con- 
verted into the methyl ester, which formed colourless leaflets, melt- 
ing constantly at 71°. On hydrolysing the latter, the original acid 
was regenerated, and, on crystallisation from acetic acid, its melt- 
ing point remained unchanged, at 85°: 

0°1032 gave 0°3001 CO, and 0°1242 H,O. C=79'3; H=13°4. 

00602 ,, 01748 CO, ,, 0°0715 H,O. C=79'2; H=13°2. 

C,,H;,O0. requires C=79°2; H=13'2 per cent. 
Cx9H 6902 w C=79'6; H=13'2 per cent. 

It would thus appear that this higher fatty acid was either 
melissic acid or a lower homologue of the latter. The low melting 
points of the acid and its ester would point to the latter conclusion 
being the more correct. 


The ethereal solution of the more readily soluble portion of the 
ethereal extract of the resin yielded a small amount of green, 
amorphous, alkaloidal material when extracted with hydrochloric 
acid. On subsequently shaking it with aqueous sodium carbonate 
nothing was removed. When, however, the ethereal solution was 
shaken with aqueous potassium hydroxide, the greater portion of 
the dissolved material was removed from the ether, a portion of it 
forming an insoluble potassium salt, which was collected. The 
latter proved to be the salt of the above-described higher fatty acid. 

The material dissolved by the alkali, which represented the 
greater part of the ether extract of the resin, consisted of a dark 
green, phenolic resin, from which nothing definite could be 
obtained. 


Chloroform, Ethyl Acetate, and Alcohol Extracts of the Resin. 


The chloroform, ethyl acetate, and alcohol extracts of the resin 
amounted to 36, 7, and 33 grams respectively. They all consisted 
of dark green, amorphous resins, from which nothing definite could 
be obtained, with the exception of a small amount of solangustine. 
The latter was isolated in the form of its sulphate from the alcohol 
extract of the resin. 


Summary and Physiological Tests. 


The material employed in this investigation consisted of the 
leaves, twigs, and flowers of Solanum angustifolium, Ruiz et Pavon, 
which had been obtained from Peru. 

For the purpose of a complete examination, 30°92 kilograms of 
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the dried material were employed. This material was ground, 
completely extracted with hot alcohol, and the resulting extract 
distilled in a current of steam. 

From the portion of the extract which was soluble in water there 
were isolated the following substances: (i) Quercetin; (ii) rutin, 
Cy7H 390 ¢,3H,O; (iii) J-asparagine; (iv) a new  gluco-alkaloid, 
solangustine, C3;H;30,N,H,O. On hydrolysis, solangustine yields 
solangustidine, Cy,H,,0,N, together with 1 molecule of dextrose. 
The aqueous liquid also contained small amounts of amorphous, 
alkaloidal material, and a considerable quantity of a sugar, which 
apparently was levulose, together with viscid, amorphous products. 
Some of the latter yielded quercetin and 3:4-dihydroxycinnamic 
acid on treatment with alkalis. 

The portion of the original extract which was insoluble in water 
yielded, in addition to much chlorophyll and resinous material, the 
following compounds: (i) Triacontane, CygHg.; (ii) a phytosterol, 
C.,H,yO; (iii) a phytosterolin (phytosterol glucoside), C33H560, ; 
(iv) palmitic, stearic, cluytinic, and cerotic acids, together with a 
mixture of linolic and linolenic acids. It furthermore gave a small 
amount of the above-mentioned new gluco-alkaloid, solangustine, 
and a higher fatty acid, which was either melissic acid, Cy9H¢90., 
or a lower homologue, C.,H;,O.. 

The following physiological tests were conducted at the Well- 
come Physiological Research Laboratories by Dr. H. H. Dale, to 
whom our thanks are due. 

An amount of the total alcoholic extract, equivalent to 3°5 grams 
of the drug, and 0°48 gram of solangustine, were separately adminis- 
tered to a dog, but no perceptible effect of any kind resulted. The 
amorphous alkaloidal material, which occurred to a small extent in 
the plant, yielded a similarly negative result. 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 


LVIIL.—The Polymerisation of Cyanamide. 


By Georce Francis Morrett and Peter Burcen. 


As is well known, cyanamide undergoes, according to conditions, 
more or less rapid polymerisation into dicyanodiamide, yet the 
kinetics of the reaction, and the precise conditions under which 
it occurs, do not seem to have been investigated. Since at the 
present time cyanamide and its salts are of importance as fertilisers, 
a still greater interest attaches to this subject, and this investiga- 
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tion was undertaken with a view of obtaining quantitative data as to 
the course of the polymerisation, and the influence of catalysts on it. 

The formation of dicyanodiamide during the evaporation of 
aqueous solutions of cyanamide was first recorded by Beilstein and 
Geuther (Annalen, 1858, 108, 99; 1862, 123, 241), and later by 
Dreschel (J. pr. Chem., 1875, |ii], 11, 298), and the influence of 
ammonia in accelerating the change by Haag (Annalen, 1862, 122, 
22). Beilstein and Geuther (loc. cit.) also make the statement 
that a specimen of cyanamide which had been kept for several 
months no longer gave the characteristic reactions for this sub- 
stance. Baumann (Ber., 1873, 6, 1373), studying the formation 
of carbamide by the action of mineral acids on cyanamide, observed 
that dicyanodiamide was produced as a by-product, and that the 
more dilute the acid the greater the proportion of dicyanodiamide 
obtained. He also made the observation that alkali hydroxides 
accelerated the polymerisation, as Haag had previously observed in 
the case of ammonia. 

Whilst the present investigation has in the main confirmed the 
qualitative statements of these early investigators, it has in its 
quantitative aspect brought out the fact, which from statements in 
books of reference one would scarcely have expected, that the poly- 
merisation of cyanamide in aqueous solution of even 5-concentra- 
tion, and at elevated temperatures, proceeds with considerable 
sluggishness, and that, on the other hand, an enormous accelerating 
influence is exerted by acids and alkalis, even if present in 
extremely minuté quantities. It was found, moreover, that in no 
case did the polymerisation proceed as a bimolecular reaction as 
expressed by the equation: 

NH,°CN + NH,°CN = C,H,N,, 
and evidence was forthcoming that the change resulting in the 
formation of dicyanodiamide is ionic in character, although a single 
explanation, which will cover the accelerating action of both acids 
and bases, cannot be put forward. 


The Determination of Cyanamide. 


In order to follow quantitatively the course of the polymerisa- 
tion, it was first of all necessary to find some trustworthy, and at 
the same time rapid, method of determining the amount of 
cyanamide present in the solution from time to time. A number 
of processes are to be found in the literature,* all involving as their 


* The original papers dealing with the methods of determination used in this 
work are as follows: Perotti, Gazzetta, 1905, 35, ii, 228; Caro, Zeitsch. angew. 
Chem., 1910, 28, 2407 ; Monnier, Chem. Zeit., 1911, 35, 601 ; Stutzer, Chem. Zeit., 
1911, 35, 694 ; and Kappen, Chem. Zeit., 1911. 35, 950. 
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main principle the precipitation of silver cyanamide by means of 
an ammoniacal silver solution. With regard, however, to the con- 
ditions of precipitation and the method to be adopted for the sub- 
sequent determination of the cyanamide, much diversity of opinion 
exists and conflicting results have been put forward, but it appears 
certain that concordant results cannot be obtained without strict 
adherence to specified conditions, owing to the variable composition 
of the silver cyanamide precipitated in varying circumstances. A 
concensus of opinion favours a Kjeldahl determination of the 
nitrogen in the silver cyanamide precipitate as being, if not abso- 
lutely accurate, at least more free from error than titration methods, 
and uninfluenced by the variability in composition of the precipi- 
tate. In view of the absence of any definite information as to the 
magnitude of possible error involved by the much more easily 
carried out titration methods, comparative experiments have been 
made with solutions of partly polymerised cyanamide of various 
strengths to ascertain the conditions necessary for obtaining con- 
cordant results, and the degree of accuracy attainable. 

The determinations were first carried out using solutions which 
varied in cyanamide content from normal to half-normal, and con- 
taining more and more dicyanodiamide as the percentage of cyan- 
amide sank. Five c.c. of the solution were measured out, diluted 
to 50 c.c., and 20 c.c. of this diluted solution used for each deter- 
mination. Caro’s method, namely, precipitation with ammoniacal 
silver acetate, and determination of nitrogen in the precipitate by 
Kjeldahl’s method, was compared with that finally adopted by 
Kappen, namely, the addition of a known excess of ammoniacal 
silver solution and titration of the filtrate, and washings with 
ammonium thiocyanate. The results are shown in the following 
table, the figures referring to 20 c.c. of the diluted solution, or 


2 c.c. of the original : eisai 
-Hydrochloric 


N/10-Ammoniacal N/10-Thiocyanate N/10-Silver used acid required 
silver added. for back titration. for NH,°CN. for Kjeldahl. 


40 c.c. 19-1 e.e. 19-2 c.e. 


(40 ,, : 18-7 ,, 18-7 ,, 
136 , 18-2 18-6 ,, 


£40 2. 17-5 -~ 
(34 ° 17-0 —_ 
40 ; 10-8 10-8 ,, 
32 “6 10-4 10-7 55 
The table shows at once the effect on the titration values of the 
addition of a greater or less excess of silver, the precipitate pro- 
duced in the former case containing a larger proportion of silver 
to cyanamide radicle than in the latter. This, according to Stutzer 
(loc. cit.), is due to the formation of double and basic compounds. 
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The Kjeldahl values, however, appear to be practically unaffected, 
and hence more trustworthy. This is in agreement with Caro (loc. 
cit.), who states that although the precipitate may vary in com- 
position, it contains all the nitrogen of the cyanamide, which it 
yields as ammonia by the Kjeldahl process. 

Under the above conditions, then, the titration method admits 
of considerable error; but it was found by further experiment that 
if the precipitation was conducted in extremely dilute solution, a 
variation in the excess of silver within reasonable limits produced 
scarcely any measurable difference in the titration results. The 
method finally adopted was therefore as follows: The solution 
under test was rapidly cooled, 5 c.c. were measured out with a 
pipette and diluted to 50 c.c., of which 20 c.c. were taken for each 
determination. Before precipitation, however, it was again diluted 
with about 100 c.c. of water, and a measured excess of V/10-silver 
solution, also preferably somewhat diluted, and containing about 
2 per cent. of ammonia, was then added. After remaining for 
about thirty minutes, for the very finely divided precipitate to 
coagulate, it was filtered through special “barium sulphate”’ filter 
paper, and washed first with weak ammonia water, and then with 
pure water until the washings were free from silver and ammonia. 
The excess of silver in the acidified filtrate and washings was then 
determined by titration with standard ammonium thiocyanate. 
The appended table shows the results obtained by the titrations 
compared, where necessary, with the Kjeldahl determination on the 


precipitate : 
N/10-Hydrochloric 


N/10-Ammoniacal N/10-Thiocyanate N/10-Silver used acid required 


silver added. for back titration. for cyanamide. for Kjeldahl. 
1 40 c.c. 20-60 c.c, 19-40 c.c. 19-30 c.c. 
30 ,, 10-80 ,, 19-20 ,, 19-30 ,, 
e (40 ,, 21-15 ,, 18-85 ,, a 
- \30 ,, 11-15 ,, 18-85 ,, 
3 f40 ,, 20-75 ,, 19-25 ,, 
(30 ” 10-80 ” 19-20 ” 
4 40 ,, 24-30 ,, 15-70 ,, -—— 
: 26 ,, 10-35 ,, 15-65 ,, = 
(= - 29-00 ,, 11-00 ,, 10-50 ,, 
5 40 ,, 29-10 ,, 10-90 ,, — 
‘ 24 ,, 13-50 ,, 10-50 ,, 10-40 ,, 
24 ,, 13-60 ,, 10-40 ,, = 
6 40 ,, 30-35 ,, 9-65 ,, 9-35 ,, 
20 ,, 10-70 ,, 9-30 ,, 9-20 ,, 


From the results of 1, 2, 3, and 4 it is evident that the titration 
method can be relied on if carried out as above described. Deter- 
minations 5 and 6 show, however, that if the excess of silver added 
is very great, that is, of the order of four times the amount theo- 
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retically required for the precipitation, then the results begin to 
vary; but a determination of nitrogen in the precipitate still gives 
concordant results, agreeing well with the lower titration reading, 
where only a moderate excess of silver was employed. Hence, in 
the experiments about to be described, in every case where the 
initial and final values of cyanamide were widely divergent, a pre- 
liminary series of experiments was made, precipitating throughout 
with the same volume of silver solution. A second series was then 
conducted, readings being taken at the same intervals as before, 
and a volume of silver added which was just about double the 
amount found to be required for the precipitation in the pre- 
liminary series. In this way the addition of an excessive proportion 
of silver was avoided. 


The Polymerisation of Cyanamide in Aqueous Solution. 


The figures given refer, as before, to 2 c.c. of the original un- 


diluted solution. 
(a) Solution maintained at 100° in a boiling-water bath: 


N/10-Silver 
precipitated 
Time in hours. N/10-Silver added. by cyanamide. K=l/t log, a/a—z. 

0 .C. 19-30 c.c. 

1 19-20 0-002e 

4 18-85 0-003e 

14 13-00 0-016e 

19 10-45 0-019e 


(6) Solution gently boiled over wire-gauze : 


N/10-Silver 
precipitated 
Time in hours. N/10-Silver added. by cyanamide. K= I|/t log, a/a—z. 
0 19-40 c.c. 
1 19-20 0-0045e 
2 18-30 0-020e 
3 17-30 0-024e 
5 15-35 0-026¢ 
9 12-10 0-026e 
15 8-60 0-024e 
5-55 0-024e 


(c) Solution gently boiled over wire-gauze: 


N/10-Silver 
precipitated 
Time in hours. N/10-Silver added. by cyanamide. K=1/t log, a/a—z. 


0-004e 
0-022e 
0-026¢e 
0-028¢e 
0-018e 
0-019e 
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(d) Solution maintained at 75° in a thermostat: 


N/10-Silver 
precipitated 

Time in hours. N/10-Silver added. by cyanamide. K=z2it. 
0 160 c.c. 90-60 c.c. 

10 160 81-25 0-023 

15 160 76-35 0-024 

20 160 71-40 0-025 

25 160 ,, 67-40 0-020 

An examination of these results brings to light several remark- 
able facts. At the commencement of the heating, in every case but 
little effect on the titration value was produced, even after the 
expiration of from one to two hours, and in the case of series (a), 
where the solution was not actually boiled, but a water-bath was 
used to effect the heating, the period of comparative stability con- 
tinued for some four hours. During the initial stages of the second 
period, the reaction is characterised by attaining its maximum 
observed velocity, at which it proceeds almost constant for about 
ten hours in series (b), (c), and (d), and still longer in series (a). 
Equal amounts of cyanamide are then polymerised in equal 
intervals of time, as may be seen at a glance from the second and 
three following readings in each table, and also from the ascending 
values of “ XK,” calculated for a unimolecular reaction. A distinct 
retardation is then observable, but the figures obtained do not agree 
well with the velocity of a unimolecular reaction, and are certainly 
in even worse agreement with a bimolecular reaction. 

Since the results of each series of experiments are substantially 
the same, and the method of determination has been shown to be 
trustworthy, an explanation of the apparently erratic figures must 
be sought in the complicated nature of the reaction itself. The 
initial stability of cyanamide in pure water must be conceded as 
being characteristic of the pure substance. In order firmly to 
establish this, a further series of experiments was undertaken, using 
carefully recrystallised cyanamide dissolved in distilled water, and 
heated at 100° in a water-bath in a flask of hard resistance glass 
provided with an efficient reflux condenser. The cyanamide was 
found even at this high temperature to be quite stable in its 
titration-value during three hours’ heating: 

Time in hours. N/10-Silver nitrate required. 
0 19-85 c.c, ° 
1 19-85 ,, 


3 19-95 ,, 
3 19-80 ,, 


The subsequent acceleration in the rate of polymerisation 
suggests, in the light of our knowledge regarding the accelerating 
influence of bases, the gradual contamination of the solution with 
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basic constituents dissolved out of the glass. Such contamination 
would naturally be more rapid in solutions which were actually 
boiled, but the maximum of contamination would eventually be 
the same in every case at the same temperature. The experiments 
have confirmed this, for in series (b) and (c) the period of stability 
is shorter than in series (a). Yet the final velocity-constants 
attained are all of the same order, series (a) gradually rising to 
0°019 after nineteen hours, (0) and (c) being at that time 0°024 
and 0°019 respectively. This, furthermore, suggests a reason why 
the observed rate of polymerisation in the first stages does not 
decrease, the loss in reacting substances being accidentally just 
compensated by the additional small quantity of catalyst still enter- 
ing the solution at that stage. The linear character of certain 
periods of the reaction would on this hypothesis be explained away, 
but the absence of the expected bimolecular reaction, 
NH,°CN + NH,°CN =C,H,N,, 

and the general indication of a unimolecular reaction, still demands 
explanation. 

An ionic theory of the polymerisation suggests itself as feasible, 
an ion maintained in the solution in constant concentration react- 
ing with some other constituent to form dicyanodiamide or 
dicyanodiamide ion. Further information on the catalytic action 
of bases was now found to be necessary in order to put a theory of 
this nature to the test. First of all, however, a series of experi- 
ments was made to demonstrate the influence of the solvent. If 
one or both the reacting substances were ions, either derived from 
the dissociation of cyanamide as an acid, or generated by the 
presence of a base, then the use of a less powerfully ionising 
solvent, such as ethyl alcohol, would be expected to depress the 
rate of polymerisation. This expectation was borne out by experi- 
ment, as the following table shows: 


Polymerisation in Alcoholic Solution. 


Approximately 5N-alcoholic solution maintained at 75° in a 
thermostat : 


Time in hours. N/10-Silver nitrate required for 0-5 c.c. 
22-50 c.c. 
22-45 
22-35 
22-15 
22-15 
22-15 


A comparison of this series with series (d) above, which was 
carried out in aqueous solution of about the same strength under 
otherwise absolutely similar conditions, shows that whereas in 


THE POLYMERISATION OF CYANAMIDE. 583 


alcohol the cyanamide was almost stable for twenty-five hours, in 
aqueous solution it had polymerised in the same period to the 
extent of 25 per cent. Only two explanations appear to be 
possible, both are in accord with the ionic theory of the reaction, 
and both are probably factors in producing the final result. First, 
the hot alcohol has probably extracted less catalytic matter from 
the glass than the hot water, and, secondly, that which has been 
extracted has generated fewer ions in alcoholic solution from 
cyanamide, less cyanamidion, that is, than the same amount in 
aqueous solution. 


Polymerisation in the Presence of Bases. 


In the first series of experiments the accelerating action of 
ammonia was studied and found to be exceedingly pronounced, 
even when added in minute quantities. So, for example, in the 
experiments given in the first table below, where cyanamide was 
heated at 100° in V/70-ammonia; the 50 c.c. of solution used con- 
tained only one drop of concentrated solution of ammonia, but yet 
at the end of four hours 20 per cent. of the cyanamide had poly- 
merised, whereas in pure aqueous solution the amount changed in 
that time was inappreciable. 

When an ammonia solution of ten times the above strength was 
employed, polymerisation was almost complete in one and a-half 
hours, and a qualitative test made after three hours entirely failed 
to give the reaction of cyanamide at all, showing, therefore, that 
no condition of equilibrium is attained, but that the formation of 
dicyanodiamide proceeds to completion. 

(a) Cyanamide heated in a water-bath at 100° in V/70-ammonia : 


N/10-Silver nitrate pre- 
cipitated by 2 c.c. 

Time in hours. of solution. K=1/t log, a/a—z. 
0 17-5 c.c. 

5 16-0 ,, 0-078e 

0 14-9 ,, 0-062e 

5 14-0 ,, 0-054e 
5 
a) 
5 


0 
0 
1 
1 


12-6 ,, 0-046e 
10-6 ,, 0-038e 
8-4 ,, 0-025e 


(6) Cyanamide heated in a water-bath at 100° in V/7-ammonia: 


N 10-Silver nitrate precipitated 
Time in hours. by 2 ¢.c. of solution. 
18-30 c.c. 
6-75 
3-65 
1-40 
0-00 


Ammonia is undoubtedly lost during the prolonged heating in- 
volved in these experiments. The rate of reaction, therefore, 


2 
4 
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diminishes more rapidly than it would if the ammonia content could 
be kept constant throughout, and KX, which has been calculated 
for series (a) on the unimolecular formula, eventually sinks to a 
value 0°025e, of the same order as that obtained with pure aqueous 
solutions of cyanamide. These results led us to study the action 
of a non-volatile alkali, and for this purpose sodium hydroxide was 
selected. Cyanamide was dissolved in solutions of the base of 
widely varying strengths, from V/800 (1 in 20,000) to 2W (li int 
12°5), heated at 100°, and determinations made in the usual way, 
with the following results: 

(c) Cyanamide heated in V/800-sodium hydroxide solution (1 in 
20,000) at 100° in a water-bath: 


N/10-Silver nitrate pre- 
cipitated by 2 c.c. 
Time in hours. of solution. K= lt log, a/a—z. 

28-30 c.c. 

25-00 0-054e 
22-30 0-049e 
20-10 0-045e 
18-40 0-038e 
16-90 0-037e 
15-65 0-033e 


(2d) Cyanamide heated in V/400-sodium hydroxide solution (1 in 
10,000) at 100° in a water-bath : 


N/10-Silver nitrate 
N/10-Silver precipitated 
Time in hours. nitrate added. by 2 ¢.c. K=1/t log. a/a—z. 


0-115e 
0-095e 
0-075¢ 
0-053e 


(¢) Cyanamide heated in V/70-sodium hydroxide solution (1 in 


1750) at 100°. 


(1) Preliminary experiment precipitating throughout with 40 c.c. 
of V/10-ammoniacal silver nitrate: 


N/10-Silver nitrate precipitated 
Time in minutes. by 2 c.c. of solution. 


0 19-95 c.e. 
15 14-50 ,, 
30 10-80 ,, 
60 6-30 ,, 


(2) Confirmatory experiment precipitating with decreasing 
quantities of silver nitrate proportional to the amount of unchanged 
cyanamide present, as explained in the section on the ‘“ Determina- 
tion of Cyanamide”’: 
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N/10-Silver 
Time in minutes. nitrate precipitated. K=1/t log, a/a—z. 


0-621le 
0-593e 
0-558e 
0-482e 


(f) Cyanamide heated in V/4-sodium hydroxide solution at 100°. 


The solution at the commencement was approximately normal with 
respect to cyanamide. 


(1) Preliminary experiment as above. 


Time in minutes. N/10-Silver nitrate precipitated. 


(2) Confirmatory experiment as above. 


N/10-Silver nitrate 
Time in minutes. precipitated. K=l/t log, a/a—z. 
18-25 c.c. 
6-70 1-736e 
4-75 ,. 0-603e 
3-70 0-434e 
3-00 0-364e 


(g) Cyanamide (approximately normal solution) heated in 
NV /2-sodium hydroxide solution at 100°. (Approximately the com- 
pound NaHN:CN.) 


(1) Preliminary experiment. 


Time in minutes. N/10-Silver nitrate precipitated. 


(2) Confirmatory experiment. 


N/10-Silver 
Time in minutes. nitrate precipitated. K=1/t log, aJa—2. 


0-728¢e 
0-614e 
0-576e 
0-528e 


(4) Cyanamide (approximately normal solution) heated in 
N-sodium hydroxide solution at 100°. 
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(1) Preliminary experiment. 


Time in minutes. N/10-Silver nitrate precipitated. 
18-95 c.c. 
13-60 ,, 
10-10 ,, 
6-20 ,. 


(2) Confirmatory experiment. 


N/10-Silver 
Time in minutes. nitrate precipitated. K=1/t log, a/a—z. 
18-40 c.c. 
13-60 ,, 0-525e 
9-90 ,, 0-55le 
7-25 ,, 0-54le 
5-25 ,, 0-560 

From the above six series of experiments several important facts 
are at once obvious. Using equivalent quantities of ammonia and 
sodium hydroxide (series a and e), the velocity is vastly greater 
in the latter case than in the former. On the ionic theory of the 
reaction, this follows at once from the fact that the stronger base 
generates a greater concentration of cyanamidion than the equiva- 
lent amount of the weaker base ammonia. 

Approximately normal solutions of cyanamide being taken in 
every case, the accelerating influence of the base has increased as 
its concentration rose from V/800 to V/4, and, moreover, the in- 
crease in the more dilute solutions has been roughly proportional 
to the amount of base present. This will be seen by a comparison 
of the initial velocity-constants : 

Concentration of sodium hydroxide. Velocity-constant. 
1 in 20,000 0-054e 
1 ,, 10,000 0-115e 
1 ,, 1,750 9-621e 

The increase in concentration of cyanamidion in dilute sodium 
hydroxide solution will also be approximately proportional to the 
increase in concentration of hydroxide, according to the equilibria 


H,N-ON+NaOH = NaHN-CN+H,0 


et H’N-CN 
Then, with regard to the actual courses of the reactions, it will 
be seen that although in the three cases just mentioned “K” on 
the unimolecular formula is not constant, but gradually decreases, 
yet the values approximate much more closely on this formula than 
on the bimolecular equation. For a purely unimolecular reaction 
we should have 


H,N-CN +H’N-CN= C.N,H’s, 
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the ion H’N-CN being assumed of constant concentration. In 
actual fact, however, cyanamidion is not present in quite constant 
concentration, because although the small amount of sodium 
hydroxide is constant, yet as the reaction proceeds more and more 
of this base is shared by the dicyanodiamide produced. The ion 
H’N-CN does not, however, decrease at anything like the same rate 
as does cyanamide; if it did, the reaction should appear bimolecular. 
Apart altogether from the minor question of differences in the 
degree of hydrolysis of sodium cyanamide and sodium dicyano- 
diamide, it is obvious that since the molecular concentration of 
dicyanodiamide is only one-half that of the molecular concentration 
of the cyanamide from which it was produced, and since both are 
dissociated primarily as monobasic acids, a larger proportion of 
sodium hydroxide will be available for the generation of cyan- 
amidion than if each dicyanodiamide molecule had demanded as 
much as did the two molecules of cyanamide of which it is com- 
posed. Hence the net result is a reaction the rate of which 
decreases more rapidly than a unimolecular, and more slowly than 
a bimolecular, reaction, which condition is fulfilled by the figures 
obtained. 

The next feature to be considered is the remarkable fact that 
when the concentration of sodium hydroxide has been increased to 
N/4, the reaction has its maximum observed velocity, the further 
increase in concentration producing a retarding effect. At this 
concentration half the cyanamide will have been converted into 
its sodium compound, which for simplicity’s sake we may imagine 
as being completely dissociated into Na° and NH’-CN. The other 
half of the cyanamide will remain undissociated, and this is pre- 
cisely the conditions, according to the theory, for the maximum 
velocity, each of the reacting masses at the initial stage having 
equal concentrations, 

NH,°CN + NH""CN =C,N,H’3. 

This, of course, can only momentarily be the condition, for as the 
reaction proceeds more and more base is set free to react with non- 
ionised cyanamide, until in the final stages there should be nearly 
sufficient sodium hydroxide to ionise both the dicyanodiamide 
formed and the small amount of cyanamide remaining. This 
removal of undissociated substance corresponds with the rapid fall 
in velocity shown in series (f). 

Passing on to the final series, (4), with N-sodium hydroxide, it 
will be seen that the reaction now gives almost constant values 
for K on the unimolecular formula, and, moreover, that it is an 
almost exactly similar reaction to series (e), where V/70-sodium 
hydroxide was used. The velocity-constants are almost identical 
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in value, and if the curves are plotted they run almost exactly 
parallel to one another throughout their length. The conditions 
here are much more complicated than when very dilute sodium 
hydroxide was used. The solution during the reaction contains 
ever-varying amounts of sodium cyanamide, sodium dicyanodiamide, 
and free sodium hydroxide, and, as the dilution is not great, the 
nature and extent of dissociation and hydrolysis must also be factors 
in the case. Comparing with series (e), it is probable that here 
matters are reversed, cyanamidion present initially in large amount 
corresponding with undissociated cyanamide in that experiment, 
and undissociated sodium cyanamide, or cyanamide produced by 
hydrolysis, present in very small amount, and by compensating 
influences held at fairly constant concentration, corresponding with 
the cyanamidion in series (e). 


Polymerisation in Presence of Acids. 


An ionic theory appears to explain the accelerating influence of 
bases, but it is difficult to see how the equally powerful accelerating 
effect of acids can be brought into harmony with the same theory. 
The addition of a strong acid to cyanamide solutions would result 
in the practical removal of even the small amount of cyanamidion 
originally present. Yet this undissociated substance in the presence 
of dilute sulphuric acid rapidly polymerises, when warmed, to 
dicyanodiamide. Hydrolytic side reactions are, however, in this 
case possible, the more concentrated the acid the greater the amount 
of carbamide produced (Baumann, loc. cit.), and in all circum- 
stances the dicyanodiamide is also hydrolysed to dicyanodiamidine 
(compare Lidholm, Ber., 1913, 46, 156). This latter substance is 
a fairly strong base, so that when only a small quantity of acid was 
used the solution became after a time quite neutral, and the 
accelerating influence of the free acid on the polymerisation thereby 
ceased. When a larger quantity of sulphuric acid was employed 
(V/10-solution) the velocity of polymerisation became so much 
greater than that of the subsequent hydrolysis that at the end of 
half an hour the solution was still acid, and gave but the slighest 
reaction for cyanamide with ammoniacal silver nitrate. 

Cyanamide heated in V/70-sulphuric acid at 100°: 


Time in minutes. N/10-Silver nitrate precipitated by 2 c.c. 
0 19-00 ce. 
15 16-45 ,, 
30 15-10 ,, 
60 14-40 ,, 
120 12-65 ” 


At the expiration of 120 minutes the solution had become neutral 
to litmus paper. 
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Experiments on the Stability of Cyanamide at the Ordinary 
Temperature. 


Accurate data as to the keeping powers of cyanamide at the 
ordinary temperature do not seem to be available in the previous 
literature. There is only the statement of Beilstein and Geuther 
(loc. cit.), who assert that a sample kept for several months failed 
to give the reactions of cyanamide. Experiments were therefore 
made with two 10 per cent. solutions, one kept in the dark, and 
the other in ordinary diffused daylight at summer temperatures, 
and also with a sample of the pure solid substance kept for the 
complete exclusion cf moisture in a desiccator. The analytical 
results obtained showed that the admission or exclusion of light 
had no appreciable influence on the polymerisation ; that the solid 
was more stable than the dissolved substance, but that the stability 
of both was of an order quite at variance with Beilstein and 
Geuther’s observation. After keeping for six months, in fact, 
only 8°9 per cent. of the solid was found to have changed, whilst 
in 10 per cent. solution nearly 35 per cent. of the dissolved cyan- 
amide had disappeared. The actual figures were as follows: 

N/10-Ammoniacal silver nitrate required 


For 0-5 c.c. For 0-5 c.c. For 0:1 gram 
of solution of solution of solid 
Time in months. in daylight. in the dark. substance. 
41-0 c.c. 40-8 c.c. 47-0 c.c. 
1 40-1 ,, 39-8 ,, 46-5 ,, 
6 26-9 ,, 27-0 ,, 42-8 ,, 


The stability of the sodium salt at the ordinary temperature has 
not been accurately investigated, but it has been noticed during 
the preparation of cyanamide from the commercial sodium cyan- 
amide, supplied by Kahlbaum, that very different yields have con- 
sistently been obtained from different samples, 50 grams of the 
commercial product yielding in the poorest samples as little as 
5 grams of cyanamide, and as much as 14 grams from the best. 
This variation is quite possibly due to the greater or less facilities 
for polymerisation which have been allowed during the process of 
manufacture, for since the sodium salt in solution polymerises much 
more rapidly than the free cyanamide itself, any undue heat applied 
during the concentration of the mother liquors must inevitably 
result in an extensive amount of polymerisation. 


Note.—Since the above paper was read a communication by 
Grube and Kriiger (Zeitsch. physikal. Chem., 1913, 86, 65), has 
appeared, which confirms from a somewhat different point of view 
some of the results arrived at in this investigation. 


Tue Sir Jonn Cass TECHNICAL INSTITUTE, 
Lonpon, E.C. 
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LIX.—The Absorption Spectra of the Vapours and 
Solutions of Various Substances Containing Two 
Benzene Nuclei. 


By Joun Epwarp Purvis. 


THE absorption spectra of the vapours of many benzene derivatives 
containing one benzene nucleus have been described by the author 
in previous communications. This communication gives an account 
of the absorption phenomena of the vapours and solutions of various 
compounds containing two benzene nuclei, to ascertain (1) how far 
the vibrations of the molecule, and of the vapour molecule especi- 
ally, are affected when it contains two benzene nuclei, as in diphenyl, 
and (2) the nature of the change in the absorption when the two 
nuclei are united by other atoms, or groups of atoms, as in diphenyl 
methane, dipheny] ether, etc. 

The substances examined were diphenyl (vapour), diphenyl- 
methane (vapour), diphenyl ether (vapour), phenyl benzyl ether 
(vapour), diphenylamine (vapour), azobenzene (vapour and solu- 
tion), azoxybenzene (vapour and solution), p-aminoazobenzene 
(vapour and solution), diazoaminobenzene (vapour and solution), 
benzidine (vapour and solution), and p-phenylenediamine (vapour 
and solution) ; the latter to compare with benzidine. 

The experimental methods have been described before. The con- 
densed cadmium spark, the uranium-molybdenum spark, and the 
copper spark were used as the sources of radiant energy. The con- 
tinuous spectrum of an acetylene lamp was used for the visible parts 
of the spectra of the coloured substances. The absorption tube for 
the investigation of the vapours was usually filled with nitrogen gas. 

Diphenyl, C,.H9.—Solutions of the substance have been ex- 
amined by Baly and Tuck (T., 1908, 93, 1913), who found no 
clearly defined bands; but in M/1000-solutions they noted a some- 
what rapid extension of the transmitted rays from 1/A3800 to 
1/4 4400 (A 2630—A 2270). 

The vapour of the substance examined by the author in a 200 mm. 
tube showed the following phenomena: 


Pressure 

a in mm. 

46 752 The rays were transmitted to A 2130. 

51 762 The rays were weaker than at 46° between about A 2500 
to the Cd line 2154 ; the Cd line 2329 was very weak. 

56 772 The rays were almost completely absorbed between about 
A 2530 to the Cd line 2321; and the series of Cd lines 
to 2144 were transmitted moderately well. 
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Pressure 

t. in mm, 

61 782 The rays were absorbed from about A2550; but the 
Cd lines 2267, 2194, 2144 were fairly well marked. 

66 792 The rays were absorbed from A 2570; but the Cd lines 
2194 and 2144 were just visible. 

71 802 The rays were absorbed from A 2590. 

76 807 om a » A 2600. 

81 812 ¥ an ,» 2680. 


The very weak vapour band corresponds, therefore, with the 
weak solution band. All the 88 narrow vapour bands of benzene 
described by Hartley (Phil. Trans., 1907, A, 208, 475) have com- 
pletely disappeared. 

Diphenylmethane, C,3;H9.—Solutions of the substance have been 
examined previously by Purvis and McCleland (T., 1912, 101, 
1514), who found a well-defined narrow band at 1/3700 (A 2700), 
and a wider one at 1/3800 (A 2630), which rapidly widened on 
the more refrangible side between 1/A 3800 (A 2630) and 1/4050 
(A 2470) as the thickness of the solution increased, and gradually 
the two bands merged into one large band. 

The vapour of the substance in a 200 mm. tube at various 
temperatures and pressures showed the following phenomena: 


Pressure 
a in mm. 


110 763 The rays were feebly absorbed between A 2685—aA 2675 
and between A 2650—A 2610; they were then trans- 
mitted to A 2260. 

115 The rays were moderately well absorbed between 
A 2689—A 2673 and between A 2665—a 2600 ; and then 
transmitted to A 2260. 

The rays were fairly well absorbed between A 2693—a 2670, 
and also between A 2665—A 2580 ; they were then feebly 
transmitted to the group of Cd lines beginning at 
A 2329 which were well detined. 

The rays were absorbed between A 2698—A 2670, and very 
feebly transmitted to A 2665 ; they were then absorbed 
to the Cd lines beginning at A 2329, which were well 
marked to A 2265. 

The rays were absorbed between A 2710—A 2670, and then 
feebly transmitted to A 2660, after which there was 
complete absorption to the group of Cd lines 2329, 
2321 and 2313. 

5 763 The rays were completely absorbed from A 2715. 


The more refrangible vapour band shows very doubtful signs of 
being divided into two; but, on the whole, the bands are not unlike 
the solution bands; there are none of the 88 vapour bands of 
benzene or the 22 of toluene described by Hartley (loc. cit.). The 
less refrangible band, both of the solution and the vapour, may 
correspond with the series of benzene vapour bands beginning at 
A 2670, and the more refrangible band may correspond with the 
second and third series of vapour bands beginning at A 2634 and 
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A 2603, which diffuse into each other, both in the solution and in 
the vapour. It is also to be noted that the vapour bands and the 
solution bands of diphenylmethane are much weaker than the solu- 
tion bands of benzene and toluene. The rapid extension of the 
absorption on the more refrangible side, both in the vapour and 
solution, probably represents traces of the more refrangible benzene 
solution bands. 

Diphenyl Ether, Cy.H,O.—The solution of the substance has 
been shown by Purvis and McCleland (loc. cit.) to possess two 
bands, at 1/A 3510 (A 2850) and 1/A 3690 (A 2710), which coalesced 
into one large band as the concentration increased. Baly and 
Collie (T., 1905, 87, 1342) found a similar result with solutions of 
anisole, except that the anisole bands were more persistent, and 
there was a moderately rapid extension of the rays between 
1/A 3740 (A 2670) and 1/A 3910 (A 2560). 

The vapour of the substances in a 200 mm. tube showed the 
following phenomena : 

Pressure 

e. in mm. 

73 754 The rays were very feebly absorbed between A 2770 to the 
Cd line 2748; they were also very weak between 
A 2710—a 2680, and then transmitted to A 2320. 

78 The rays were moderately well absorbed from 42775 to 
the Cd. line 2748; and also between A 2710—A 2680 ; 
they were then transmitted to A 2380. 

83 5 The rays were fairly well absorbed from A 2780 to the Cd 
line A 2748, and also between A 2720—A 2680, and then 
transmitted to A 2400. 

88 The rays were well absorbed from A 2790 to the Cd line 
2748, and also between A 2730—A 2630 ; they were then 
transmitted to A 2410. 

93 The rays were absorbed between A 2795—a 2600, and then 
transmitted tu A 2400; the Cd line 2748 was visible. 

98 The rays were absorbed between A 2810—A 2530, except 
that the Cd lines 2748 and 2573 were visible, and then 
feebly transmitted to A 2440. 

The results, therefore, prove that the vapour bands and the solu- 
tion bands are very similar. All the narrow benzene vapour bands 
described by Hartley (loc. cit.), and all the 41 narrow vapour bands 
of anisole described by Purvis and McCleland (T., 1912, 101, 1514), 
have completely disappeared. Only two bands remain, which are 
similar to the solution bands. 

Phenyl Benzyl Ether, C,z3H,,0.—Two solution bands were found 
by Purvis and McCleland (loc. cit.) at 1/A 3540 (A 2820) and 
1/A 3640 (A 2750). There was also a fairly rapid extension of the 
rays between 1/A 3750 (A 2670) and 1/A 3990 (A 3500) which corre- 
sponds with that noticed in solutions of anisole, but it is more 
marked. As the concentration increased, one large band took the 


place of the smaller bands. 
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The vapour of the substance in a 200 mm. tube showed the 
following phenomena : 


Pressure 
’. in mm. 
108 746 The rays were feebly absorbed between A 2710—a 2690, 


and also between A 2640—A2620, and then trans- 
mitted to A 2250. 

118 746 The rays were a little weak between A 2770—aA 2750; they 
were more strongly absorbed between A 2730—a 2680, 
and also between A 2650—A 2620, and then they were 
transmitted to A 2270. 

128 746 The rays were feebly absorbed between A 2780 to the Cd 
line 2748; and also completely absorbed between 
A 2730—a 2620, and then transmitted to A 2300. 

138 746 The rays were absorbed between A 2810—A 2510, except 
that the Cd lines 2748 and 2754 were just visible, and 
then they were transmitted to the Cd line 2313. 


148 746 The rays were absorbed from A 2820, except that the Cd 
lines 2748 and 2573 were just visible. 
158 746 The rays were absorbed from A 2830. 


The vapour bands are, therefore, very like the solution bands. All 
the narrow benzene vapour bands have completely disappeared, and 
there is no trace of the vapour bands of anisole. 

Diphenylamine, C,.H,,N.—Solutions of the substance have been 
examined by Baly (T., 1907, 91, 1495), who found a large band at 
1/A3510 (A 2850). This was confirmed by Purvis and McCleland 
(T., 1912, 101, 1514). 

The vapour of the substance in a 200 mm. tube showed the 
following phenomena : 


Pressure 

e. in mm. 

64 752 The rays were transmitted to Cd 2144, although they 
showed some weakening between A 2000—A 2780. 

69 762 The rays were weak between A 2900—A 2630, and then 
fairly well transmitted to A 2144. 

74 773 The continuous rays were just visible between 
A 2950—a 2350; the Cd lines 2748 and 2573 were fairly 
strong ; and the rays were then well transmitted to 
A 2194. 

79 783 The rays were well absorbed between A2970 to the 
Cd line 2329; the other Cd lines to A2194 were well 
marked. 

84 793 The rays were absorbed from A 2990 ; the Cd lines 2321 to 
2265 were just visible. 

89 800 The rays were completely absorbed from A 2995. 


The band is, therefore, comparable with the solution band; all 
the narrow vapour bands of aniline described by the author (T., 
1910, 97, 1546) have completely disappeared. It is also of some 
importance to notice that the band is much stronger than that of 
the diphenyl band, and it is shifted more towards the red end of 
the spectrum. There are no traces of a resolution into either the 
seven benzene solution bands or the two aniline solution bands. 
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Azobenzene, CygHiNo.—Two solution bands were found by 
Hartley (T., 1887, 51, 152) between A497—A405 and 
A 341—aA 286. Baly and Tuck (T., 1906, 89, 982) and Purvis and 
McCleland (loc. cit.) also investigated the large band in the ultra- 
violet regions. Hantzsch (Ber., 1913, 46, 1537) discusses the 
changes in the colour of aminoazobenzene and of dimethylaminoazo- 
benzene and of various salts in different solvents. He also gives 
absorption curves for the solutions of such substances, and they 
are practically the same as the two bands in the curve (Fig. 1) as 
regards the solutions,-making allowance for the shift towards the 
red end in the heavier molecules of the salts. The author has 
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repeated the earlier observations to compare the solution with the 
solutions of other azobenzene derivatives described below. The 
curve (Fig. 1) shows a band at 1/A2190 (A 4560) in the visible 
regions of the spectrum, and another verging on the edge of the 
visible regions at 1/A 3120 (A 3200). 

The vapour of the substance examined in a 200 mm. tube at 
various temperatures and pressures showed the following pheno- 
mena : 


Pressure 

e. in mm. 

68 757 The rays were transmitted to A 2120. 

73 757 The rays were fairly well absorbed between A 3300—A 2700, 
and then transmitted to A 2140. 

78 757 The rays were absorbed between A 3330—A 2630, and 
then transmitted to 42260. 

83 757 The rays were absorbed between A 3340—a 2590, and then 


feebly trausmitted to A 2310. 
88 757 The rays were absorbed from A 3350. 
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Pressure 
t’. in mm. " 
128 757 The rays were moderately well absorbed between 
A 4500—a 4100, and then transmitted to A 3500. 
138 757 The rays were almost completely absorbed between 
A 4700—a 4000 ; and then transmitted to a 3550. 
158 757 +The rays were completely absorbed from about A 5200. 


These two vapour bands, therefore, correspond with the two solu- 
tion bands. There is no trace of the narrow benzene bands de- 
scribed by Hartley (Joc. cit.), or of the narrow aniline bands 
described by the author (Joc. cit.). The two bands show no signs 
of being resolved into a series of narrower bands. To investigate 
the absorption band in the visible regions, the rays from an 
acetylene lamp were used, but there was no trace of any narrow 
bands. 

Azoxrybenzene, Cy.H,jON,.—Solutions of the substance exhibit 
one large band. The curve (Fig. 1) shows that this band, 1/A 3100 
(A 3230), ranges from the visible regions of the spectrum to the 
ultra-violet regions. It is not unlike the large, more refrangible 
band of azobenzene, but there is no trace of the smaller, less 
refrangible band of the latter. The introduction of the oxygen 
atom has completely eliminated it, and the phenomena suggest a 
close connexion between the colour of these compounds and the 
partial neutralisation of the residual valencies of the nitrogen atoms 
by the introduced oxygen atom. The destruction of the colour of 
azobenzene in hydrazobenzene may be recalled in this connexion. 

The vapour of the substance in a 200 mm. tube showed the 
following phenomena : 


Pressure 

a. in mm. 

116 739 The rays were transmitted to A 2140; but they were a 
little weak between A 3250—aA 2850. 

126 739 The rays were fairly well absorbed between A 3300—a 2800, 
and then transmitted to A 2144. 

136 739 The rays were absorbed between A 3360—a 2750, and then 
transmitted to A 2230. 

146 739 The rays were absorbed from A 3400; but the Cd lines 
2748, 2473 and 2313 were visible. 

156 739 The rays were absorbed from A 3700. 

166 739 va yy A8750. 

176 739 mo se », A3800. 


All the narrow vapour bands of benzene and of aniline (loc. cit.) 
have completely disappeared ; one single band remains, which is like 
the solution band. The band is also not unlike the more refrangible 
azobenzene band, except that, like the corresponding solution band, 
it is shifted a little more towards the red end of the spectrum. 
The spectrum was also searched by the light of an acetylene lamp, 
but no trace of a small, less refrangible band similar to that of 
azobenzene was found. 
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p-A minoazobenzene, C,.H,,N3.—Pauer (Ann. Phys. Chem., 1897, 
[iii], 61, 374) described two weak transmission bands between 
A 340—a 275, and between A 230—aA 226. The author has repeated 
the experiments (Fig. 2), and the curve shows a strong band at 
1/2550 (43920) which ranges from the ultra-violet regions well 
into the visible regions of the spectrum, and with which the colour 
of the substance is connected. A second much weaker band is also 
shown at 1/A 4000 (A 2500). 

The vapour of the substance examined in a 200 mm. tube at 
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various temperatures and pressures showed the following pheno- 


mena: 
Pressure 
fc in mm. 
130 739 
135 


145 


150 


The rays were transmitted to A 2140, although they were 
a little weak between A 3500—a 3000. 

The rays were moderately well absorbed between 
A 3550—a 2950, and then transmitted to'A 2140. 

The rays were absorbed between A 3660—A 2900; 
then transmitted to A 2480, and feebly absorbed to 
A 2329 ; from here they were well transmitted to A 2170. 

The rays were absorbed between A 3670—A 2870, and 
between A 2500 to the Cd line 2329; from here they 
were fairly well transmitted to Cd. 2194. 

The rays were absorbed between A 3676—A 2800, and then 
ed transmitted to A 2560; the Cd line 2313 was 
visible. 


The visible part of the spectrum was also investigated by the 
light of an acetylene lamp, but there was no indication of any 
resolution of the strong, less refrangible band into a series of 
All the vapour bands of benzene and aniline 


narrower bands. 
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(loc. cit.) have disappeared. Two large bands remain, a strong one 
ranging from the ultra-violet to the visible regions of the spectrum, 
and a weak, more refrangible one. Both these bands are com- 
parable with the solution bands. . 

Diazoaminobenzene, Ci,H,;N3.—The absorption curve (Fig. 2) of 
the solutions shows a strong band at 1/A2770 (3610), ranging 
from the visible regions into the ultra-violet, and with which the 
colour of the substance is connected. There is also a second, much 
weaker band at 1/A4250 (A 2350). These two bands are not unlike 
the two solution bands of paminoazobenzene, except that they are 
shifted more towards the more refrangible regions. It is suggested 
that the weak, more refrangible band in both substances is com- 
parable with the more refrangible band of aniline described by 
Hartley and Huntingdon (Phil. Trans., 1879, 170, I, 257), and 
of its various derivatives described by the author (loc. cit.). 
Furthermore, the shift of the bands of diazoaminobenzene towards 
the more refrangible regions may be explained by the partial 
neutralisation of the residual affinities of the azo-nitrogen atoms as 
a result of their more intimate connexion with the amino-nitrogen 
atom. 

The vapour of the substance in a 200 mm. tube at various 
temperatures and pressures showed the following phenomena: 


Pressure 
e. in mm. 
48 773 The rays were transmitted to A 2120. 
108 773 The rays were transmitted to A 2130, but they were a 
little weak between A 3350—a 3200. 
118 773 The rays were very weak between A3450—a 3050, and 
then transmitted to A 2450. 
128 773 The rays were wholly absorbed between A 3650—A 3050, 
and then very feebly transmitted to A 2500. 
138 773 The rays were wholly absorbed from A 3700. 


All the vapour bands of aniline and benzene (Joc. cit.) had com- 
pletely disappeared. The strong band, and the indications of the 
more refrangible weak band as shown by the rapid absorption 
between A 2140 at 108° and A2450 at 118°, are comparable with 
the solution phenomena. 

Benzidine, Cy.H,,No.—The absorption curve of the substance 
shows one large band (Fig. 3), the head of which is at 1/3510 
(A 2850). It seems as if the two solution bands of aniline described 
by Hartley and Huntingdon (Joc. cit.) had widened into one large 
band. 

The vapour of the substance in a 200 mm. tube and in an atmo- 
sphere of nitrogen showed the following phenomena: 
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Pressure 

e. in mm. 

152 767 The rays were transmitted to A 2144, 

162 767 The rays were transmitted to the Cd line 2194, but they 
were weak between A 2800—A 2550. 

172 767 The rays were almost completely absorbed between 
A 2850—A 2500 ; but the Cd lines 2748 and 2573 were 
well marked. The rays were then transmitted to the 
Cd line A 2265. 


No higher temperatures were employed, for at 172° the substance 
in the tube became dark coloured, showing that some decomposition 
had taken place. The results, however, indicate that there were no 
narrow bands like the aniline vapour bands (loc. cit.). The single 
large band is comparable with the solution band. 

p-Phenylenediamine, C,H,N>.—The solution curve (Fig. 3) shows 
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two bands at 1/A3140 (A3180) and 1/A 4130 (A 2420). These are 
not unlike the two solution bands of aniline, except that they are 
shifted more towards the less refrangible regions. 

In investigating the vapour of the substance, the absorbing tube 
was filled with nitrogen gas before placing it in the heating 
apparatus, but there was some decomposition at the higher tempera- 
tures. A few observations were, however, made, and the following 
notes describe the phenomena : 


Pressure 

te. in mm. 

110 763 The rays were feebly absorbed between A 2550—A 2350, 
the series of Cd lines being well marked. The rays 
were also a little weak between A 3200—a 3050. 

120 763 The rays were fairly well absorbed between A 3250—A 3000, 
and then transmitted to A 2600. 

130 763 The rays were completely absorbed between A 3280—A 2900, 
and then feebly transmitted to A 2750. 

140 763 The rays were transmitted to A 3300. 

150 763 ee pa A 3350. 
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The two vapour bands are, therefore, comparable with the solu- 
tion bands. All the various vapour bands of aniline (loc. cit.) have 
completely disappeared. 


Discussion of Results. 


It is clear from the preceding observations that all the narrow 
vapour bands of benzene are completely obliterated when two 
benzene nuclei form either the molecule itself, as in diphenyl, or 
when they are attached to other groups, as in diphenylmethane. 
Similarly, all the narrow vapour bands of aniline are destroyed in 
such duplicated molecules as benzidine. There is also no trace, 
either in the vapour or the solution of diphenyl, of any band corre- 
sponding with the well-known benzene solution bands, whereas the 
vapour and the solution of diphenylmethane show traces of the less 
refrangible solution bands of benzene. If each benzene nucleus is 
considered as an oscillating or vibrating centre, each may be in- 
fluenced by its connexion with the other; but, in diphenyl, the 
characteristic vapour bands of the one are neither strengthened in 
intensity nor increased in number; they are destroyed. On the 
other hand, in diphenylmethane there is a possibility of more 
freedom of movement of the two nuclei; but again there are no 
traces of any narrow benzene vapour bands. The bands which are 
exhibited, both in the vapour and solution, are remnants of the less 
refrangible benzene solution bands. In diphenylamine, the intro- 
duction of a new vibrating system has even cancelled the traces of 
the benzene solution bands found in diphenylmethane, and their 
place is taken by a strong wide band, which is found both in the 
vapour and the solution. 

The solution and the vapour of the ethers also show some residues 
of the benzene solution bands, and herein they compare with the 
solution bands of anisole. The vibrations of the benzene nuclei and 
the oxygen atom mutually react to such an extent that, again, all 
the vapour bands of benzene or phenol or anisole completely dis- 
appear. 

Further, the vibrations of the two benzene nuclei in azobenzene 
produce no trace of the numerous benzene or aniline vapour bands, 
or of the benzene solution bands. There can be little doubt, how- 
ever, that the orientation of the nitrogen atom is of prime import- 
ance in the production of the colour and the absorption of the 
substance. It is well indicated by the alteration in the colour and 
the absorption phenomena of azoxybenzene, and it may be explained 
by assuming that the residual valencies of the nitrogen atoms are 
partly neutralised by the oxygen atom. 

The production of the weak, more refrangible band in p-amino- 
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azobenzene and in diazoaminobenzene may be explained by the 
presence of the aniline residue, which acts, to a certain extent, as a 
comparatively free oscillatory or vibratory system. It is also 
influenced by its relative position with the other benzene residue, 
for in diazoaminobenzene the three nitrogen atoms are considered to 
be directly connected with one another. This comparative freedom 
of the aniline residue, however, does not lead to the production of 
any of the numerous vapour bands of aniline. The various vibra- 
tory or electronic oscillations characteristic of the simple molecule 
are neutralised when it is united with other and similar oscillatory 
groups. The solution and the vapour phenomena then become 
similar, except that, as in other instances, the damping effect of the 
solvent causes a shift of the solution bands towards the less 
refrangible regions. Even in benzidine, where the diazo-nitrogen 
atoms are absent, the two aniline residues do not strengthen or 
increase the number of the narrow vapour bands of aniline. The 
vapour bands and the solution bands are similar, and one strong 
band takes the place of the two solution bands of aniline. In this 
direction the duplication of the aniline molecule has a decisive 
influence, for the two bands of pphenylenediamine are not unlike 
those of aniline, except in position, although the numerous vapour 
bands of aniline are obliterated by the introduction of the second 
oscillatory or vibratory amino-group. It is of some interest to 
mention that the vapour of the duplicated molecule 2-dipyridyl 
exhibits none of the characteristic vapour bands of pyridine (Purvis, 
T., 1913, 108, 2283). 


I desire to thank the Government Grant Committee of the Royal 
Society, by whose assistance a part of the cost of the research was 
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LX.—Ionisation and the Law of Mass Action. 
Part II. The Osmotic Data in Relation to 
Combined Water. 


By Wiui1amM Rosert BovusFIE.p. 


In the first paper (T., 1913, 103, 307) it was found that the true 
ionisation law at very high dilutions for electrolytes of the class 
to which potassium chloride belongs was accurately 


(1—a)=h-1 x Constant, 
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as contrasted with the accurate law for weak electrolytes at very 
high dilution, which is 
(1—a)=h-1! x Constant. 


h is the total number of molecules of water per molecule of 
solute; and if m be the number of water molecules combined with 
the solute, then at decinormal dilution, where the value of Ah is 
about 555, the difference between h, which expresses the total water, 
and (4—n), which expresses the free water, may be of the order 
of 1 to 3 per cent. In the same region of dilution the possible 
error in the ionisation-coefficients is of about the same order. To 
get ionisation-coefficients correct to a second approximation, say 
within 4 per cent., it is necessary to take this combined water into 
account. If ionisation is calculated from conductivity, it has to 
be taken into account by considering the variation of mobility 
with the changing size of the hydrated ions, as has been done in 
former papers.* We now propose to inquire how the combined 
water comes into the reckoning when we approach the matter from 
the point of view of the osmotic data, and attempt to use these for 
checking the ionisation values. The best data for this purpose are 
Morse and Fraser’s latest values for the osmotic pressure of sucrose 
solutions, which are fully set out in Findlay’s excellent mono- 
graph.t 

It so happens that Morse and Fraser’s original set of values for 
the osmotic pressure of sucrose solutions (Amer. Chem. J., 1905, 
34, 1) in the neighbourhood of 18°, very fairly satisfied the gas 
equation when V was taken as the total volume of water containing 
1 gram-molecule, which led to the view that the combined water 
need not be taken into account. The later values published by 
Morse and his co-workers (Morse, Holland, Zies, Myers, Clark, and 
Gill, Amer. Chem. J., 1911, 45, 602), however, which are believed 
by them to be more accurate, do not give the same result. Findlay 
has shown (loc. cit., p. 41) that by assuming a constant hydration 
of sugar with 5 molecules of water, the new values approximately 
satisfy the gas equation in a modified form which is based on 
thermodynamical considerations. It is of interest to note that in 
a still more recent paper (Morse, Holland, Myers, Cash, and Zinn, 
Amer. Chem. J., 1912, 48, 29), Morse and his co-workers conclude 
that as a temperature of 80° is approached the osmotic pressures 
conform to the gas law without taking into consideration any 
question of water combination. Possibly at this temperature the - 


* See papers by the author with reference to the sizes of ions, namely: Zeitsch. 
physikal. Chem., 1905, 58, 257; Phil. Trans., 1906, A, 206, 101; Proc, Roy. 
Soc., 1913, 4., 88, 147. 

+ ‘‘Osmotic Pressure,” by A. Findlay: Longmans Green & Ca. 
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combined water is reduced to so small an amount that it may be 
neglected without much loss of accuracy. For our purpose, how- 
ever, it is important to consider osmotic pressures in the neigh- 
bourhood of 18°, where plenty of conductivity data are available, 
at which temperature it is known that sucrose is combined with 
from 5 to 7 molecules of water (Philip, T., 1907, 91, 711). 

The modified form of the gas equation on which Findlay bases 
his calculations, which is deduced from thermodynamical considera- 
tions, presents no advantages as regards accurate expression of the 
results over the simpler form that will be adopted. The idealisa- 
tion of the solution for thermodynamical consideration involves 
a departure from actuality which has to be corrected. From the 
point of view of the hydrate theory, the “ideal ” process of solution 
is one in which a portion of the solvent seizes upon and combines 
with the solute with a consequent evolution of heat and contraction 
of volume which are often large. We are driven from thermo- 
dynamical to empirical considerations when we desire to get beyond 
a first approximation. Especially is this true when we are in- 
quiring whether the hydration of the solute proceeds progressively, 
as the change of mobility derived from conductivity measurements 
would lead us to believe. It will be seen that a very simple 
modification of the gas equation gives expression to the osmotic 
results with an accuracy which is well within the limits of experi- 
mental error, and gives support to the view that the hydration is 
progressive. 

The gas equation in the ordinary form is 
Si a eave « ee 


If W (as usual) expresses the number of mols. of solute per 
1000 grams of water, the weight of water (in kilograms) per mol. 
of solute is 1/N¥. It is more convenient to base our computation 


1000 
on h, the total hydration of the solute. We have h= We ’ Where 


e=18°016, the weight of a gram-molecule of water. If for V, the 


volume of the solution in litres, we substitute con, which is the 


weight of water in kilograms per mol. of solute, the gas equation 

as applied to osmotic pressure becomes 
Phe _ 
7 Luv © 


(2). 


If we take the weight of free water instead of the total water, 
the equation becomes 


P (h-nije _ 
va i000 m@P se el ee C8 
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Or, if we put 


1000 _ 0:0821 x 1000 
e) 18-016 


R=Rx = 4'557, 


the equation becomes 
Pih-n)=RT.. 1... . (4). 

We shall find that this equation gives values of n which are in 
accord with freezing-point determinations within the limits of 
experimental error. 

Let us first see what values of R we get from equations (1), (2), 
and (3), for the last taking n a constant and equal to 6. In 
table I are set out the osmotic pressures of sucrose for 20°, to- 
gether with the values of WV and h, and the densities of sucrose 
solutions at 20°, which are required to work out V, the volume of 
the solution in litres containing 1 molecular proportion of solute. 
There are set out in the table for comparison three sets of values 
of R, obtained from equations (1), (2), and (3) above. Now if, as 
is sometimes loosely stated, the simple gas equation applies to 
osmotic pressures, the values of PV /7' should all be equal to the 


TaBLe I. 

PY, Phe. P(h—6)e. 
™ " 7 7 T T1000 T 1000 
0-1 2-590 555-06 1-01112 10-228 0-0904  0-0884  0-0874 
0-2 5-064 277-53 1-02347 5-218 0-0902 00-0864  —0-0846 
0-3 7-605 185-02 1-03527 3-550 0-0921 0-0865 —-0-0837 
0-4 10-137 138-76 1-04660  2-7157 0-0940 0-0865 —-0-0828 
0-5 12-748 111-01 1-05746 22147 0-0964  0-0870  —-0-0823 
0-6 15-388 9251 1-06789 11-8815 0-0988  0-0875 —0-0819 
0-7 18128 79:29 1-07792 11-6432 0-1017  0-0884 —0-0817 
0-8 20-905 69:38 1-08756 11-4640 0-1045 0-0892 —-0-0815 
0-9 23-717 61-67 1-09686 11-3249 0-1072 0-0899  —0-0812 
10 26-638 55:51 1-10576 11-2138 0-1104 00-0909 —-0-0811 


gas constant R=0°0821. As a matter of fact, we get a series of 
gradually increasing values, the last being about 20 per cent. 
greater than the first and 37 per cent. greater than the gas con- 
stant. If, instead of the volume of the solution, we take the 
weight in kilograms of total water containing 1 gram-molecule of 
P he 
7 1000" 
The values now only increase by about 6 per cent. from V=0°3 to 
N=1°:0, and the mean value of the constant is only about 6 per 
cent. above the true value of the gas constant. 

If, however, we take the figures in the last column under 
P (h-6)e 
7” 1000 
we see that there is now only a difference of 3 per cent. between 
the values for VW=0°2 and N=1°'0. Moreover, the mean of these 


solute, we get the improved set of figures set out under 


, obtained on the assumption that » is constant and =6, 
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555-06 
277-53 
185-02 
138-76 
111-01 
92-51 
79-29 
69-38 
61-67 
55-51 
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P. 


2-590 

5-064 

7-605 
10-137 
12-748 
15-388 
18-128 
20-905 
23-717 
26-638 


from freezing-point data. 


osmotic data are too high. 


95 


ee ee. 


IONISATION 


P(h—n)=R'T 
TaBLeE II. 
1335 
—— N,- 
515-44 39-62 
263-63 13-90 
175-54 9-48 
131-70 7-06 
104-72 6-29 
86-76 5-75 
73-64 5-65 
63-86 5-52 
56-29 5-38 
50-12 5-39 
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38 
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eight values is 0°820, which is very close to the gas constant. We 
shall find that in the range from V=0'1 to V=0°5, the value of 
n is probably a little more than 6, whilst in the range from VW =0°6 
to VN=1°0, it is a little less than 6. 

We will now test the relation by taking the accurate value of 
the gas constant # =0°0821 or R/=4°'577, and seeing what values 
of m are yielded by the equation 


5-75 
5-64 
5-51 
5-62 
6-05 


In the columns headed ng, 


In the earlier 


* It is interesting to note that the values of x found by Philip (doc. cit.) were: 


20°, R/T =4°557 x 293 =1335, and the values of n are given 


The values so obtained are set out in table II in the column 
under ,. It will be seen that in the more concentrated solutions 
they approximate closely to the accepted figure for the hydration 
of the sucrose molecule in solution. 
and ng are given the values for m calculated in two different ways 
The methods will be explained further 
on. The accord is very close for the more concentrated solutions.* 

The agreement between the two sets of figures indicates that 
in the more concentrated solutions, the osmotic pressures of sucrose 
solutions obey, with considerable accuracy, the relation 
P(h—n)=R'T. 

At the more dilute end, however, the values of n yielded by the 
Here a comparatively small error in 
the value of P causes a large error in , for example, if the value 
given for P is 6 per cent. too great, this will make the value of n 
for the highest dilution five or six times too great. 
paper of Morse and Fraser (loc. cit.), the mean value of eleven 
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determinations of the osmotic pressure at 18° for V¥=0°1 was 2°410. 
The present value is 7°5 per cent. larger. The old value would 
give m=1°2 for this concentration instead of 39°6. Furthermore, 
there is a small amount of ionisation in dilute sucrose solutions 
which would also tend to reduce the value of n. 

In the last column are set out the somewhat remarkable set of 
values for the expression 

1335 


Dew 
P P20 


Comparing them with the values of h we see that they are almost 
identical, within the limits of experimental error, and they give 
us another empirical form in which the osmotic law for sucrose 
may be written, namely, 


P here 
p 


to which reference will be made later. 


The Freezing-point Data. 


It was shown in a previous paper (Phil. Trans., 1906, A, 206, 149) 
by reference to potassium chloride solutions that, if we reckon the 
molecular depression of the freezing point on the free water in- 
stead of the total water, we get a constant value for the expression 


A w 
Wi +a)‘lo00” 1 ae 


where w is the uncombined water in 1000 grams of water. Since 
y = 1000 and —” = A=" putting P= F 10 ite thi 
i an , putting , we may write this 
he 1000 h € 
equation in the form 
A(h—n) =F", 
which exhibits its analogy to the osmotic equation. 

Let us now show that this relation gives the same values for n 
as our osmotic equation, when applied to sugar, where i=1. In 
table III are set out the values of A given by Morse and Fraser 
(loc. cit.). For comparative purposes it is best to take the value 
of F yielded by these figures. The best value which they give is 


F=1°855. 
To reckon n, equation (5) may be written 
S59. 
N Ah 


N 
wiper)... . eke 
n=K(1 1-855-,) (6) 
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N. A. h. 1—1-855N/a. n;. 

0-1 0-187 555-06 0-0080 4:44 
0-2 0-373 277-53 0-0054 1-50 
0-3 0-574 185-02 0-0303 5-61 
0-4 0-776 138-76 0-0438 6-08 
0-5 0-970 111-01 0-0438 4-86 
0-6 1-187 92-51 0-0622 5-75 
0-7 1-398 79-29 0-0711 5-64 
0-8 1-612 69-38 0-0794 5-51 
0-9 1-837 61-67 0-0911 5-62 
1-0 2-082 55-51 0-1090 6-05 


The values are given in the column ms. They are somewhat 
rough at the dilute end, where accurate freezing-point values are 
always difficult to obtain. A smoother series may be obtained 
from an empirical relation which was discovered by Morse and 
Fraser for sucrose, and has considerable interest for the present 
inquiry. They found that their freezing-point values could be 
expressed by 

A=1°85Np, 
where p is the density of the sugar solutions at their freezing points. 
The equation may be written 
A 2 
—=Fp . ww ew ww we et GS), 
yn? 7) 
and by comparing it with the relation expressed in equation (5) 
above, which becomes for sucrose 


& 3-9, 
Vik , 
we see that we have as an empirical relation for sugar solutions 
h-n_1 
hp 
1 
or n=h(1-*) ji teen» & OR 
p 


Let us apply this relation to calculate the values of m, which 
is equivalent to using a series of “smoothed” values for A. Using 
the densities given in table I for 20°, we get the series of values 
for n given under ng in table II. 

The close coincidence of the values of m reckoned from the 
osmotic equation and the freezing-point equation shows definitely 
that the osmotic pressures satisfy the equation 


P(h—n)=R'T 
with great accuracy for the more concentrated solutions, and 
within the limits of experimental error for the most dilute solutions. 
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We now see the reason why they also satisfy the relation 


> 
P h=RT. 
p 
It is simply because there exists in the case of sugar the relation 
given in equation (8), which must for the present be regarded as 
an empirical relationship not capable of general application. 


The Vapour-pressure Relation. 


For the purpose of considering the relation of vapour-pressure 
data to the foregoing results, we may take the well-known ap- 
proximate expression 


Petits «4 to a oe 
C 


Here dp is the difference between the vapour pressure of the 
solution and that of water, p is the mean density of the solution, 
and o the mean density of the vapour. Since saturated steam 
obeys the gas law in the neighbourhood of 0° to 20° we have, if 
v be the volume of a molecule of steam in litres, 

1000vo0 =e and pu=R7, 
whence 


p__ BT = R’7,, 
ao 1000¢ 


and equation (9) may be written 
apy 
P=p—. RT. 
*D 
Hence, if the osmotic pressure relation be 
P : 
RT -—n)=%, 
the vapour pressure relation takes the form 
dp : 
p—(h — ) =i. 
Pp 


Thus the density p comes into the general vapour-pressure 


relation. 
In the case of sugar, since 
h-n_1 
hp 
we may write this expression as 
48? —1, 
Pp 
and if this were applicable to an electrolyte it would take the form 
P. oar 
P 
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which is identical with the relation originally propounded by van’t 
Hoff, namely, 


. pM 
—— 5 
pm 
where there are M mols. of solvent to m of solute. 
It is clear, however, from a consideration of the application of 
the equations to electrolytes that the density relation 
(h—n)/h=1/p 
cannot be applied to electrolytes. For a binary electrolyte, the 
limiting value of i in dilute solution is 2, and in solutions of 
moderate concentration, where autolytic conductivity is small, the 
value of « is much less than 2. The matter may be illustrated by 
figures deduced from Tammann’s data for the vapour pressures of 
lithium chloride solutions,* from which, for the values of h given 
below, we can deduce, in the neighbourhood of 18°, the values of 
dp/p and hip/p set out thereunder: 


h=7-278 10-40 16-25 29-19 
5p/p=0-326 0-229 0-14 0-07 
hip|p=2-373 2-382 2-274 2-043 


Here we see that the values of i given by van’t Hoff’s equation 
are above 2 instead of below. The number of combined water 
molecules in lithium chloride solutions increases rapidly with the 
dilution. Merely to show the general result of bringing these 
into the account, and without any attempt at getting the real 
values of n, let us take values for » which are approximately of 
the right order of magnitude: 


h=7-278 10-40 16-25 29-19 
n=4 5 7 9 
We then get: 
(h—n)3p/p= 1-069 1-237 1-295 1-413 


These figures, when multiplied by p, would give values for « of 
approximately the right order of magnitude. This short hypo- 
thetical reference is only introduced for the purpose of showing 
that, in the application to electrolytes of the osmotic equations as 
derived from sucrose, we must take them in the form which is 
independent of the peculiar density relation which holds for 
sucrose. The consideration of the results of applying these equa- 
tions to electrolytes must be deferred to another occasion in con- 
junction with data from vapour-pressure experiments which have 
been in progress for some time, and are still incomplete. 

The result, then, at which we arrive, is that the osmotic relations 


* See Landolt and Bornstein’s tables. 
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| as derived from a consideration of the sucrose data may be put 
into the form: 


where 


F and & being the ordinary freezing-point and gas equation 
constants. 
Taking 
F=1°86 and R=0°0821, 
we have 
F’=103°2; R’=4°557. 


For sucrose, since we have the special relation (h—n)/h=1/p, 
they may be put into a form which eliminates p in the vapour- 
pressure equation, but this is not the form in which we can apply 
them to concentrated solutions of electrolytes. 


St. SwITHINs, 
HeEnpvon, N.W. 


LX1.—The Decomposition of Carbamide. 


By Grorce JosePH Burrows and Cuartes Epwarp Fawsirv. 


A paper on this subject has already been published by one of us 
(Zeitsch. physikal. Chem., 1902, 41, 603), in which the decomposi- 
tion of carbamide by water alone, and by aqueous solutions of 
acids and alkalis, was studied. 

It was shown then that whilst carbamide is decomposed in these 
circumstances to ammonia and carbon dioxide, the mechanism of 
the decomposition is not that of a simple hydrolysis. It was 
shown, further, that the experimental results could be explained 
satisfactorily if the decomposition of carbamide is regarded as a 
transformation into ammonium cyanate, which is then converted 
into ammonia and carbon dioxide. 

In the period that has elapsed since the publication of this paper, 
other papers have been published, which have made us consider 
more attentively the mechanism of the decomposition of carbamide. 
We thought that some experiments on the decomposition of 
carbamide in water-alcohol solutions might throw further light on 
the reactions involved, and the results of some experiments on the 
decomposition of carbamide in the presence of alcohol are recorded 
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in the present paper. Whilst the results are not exactly what we 
anticipated, they are, we believe, a further proof of the theory 
that the decomposition of carbamide by water and acids is not a 
hydrolysis, but a decomposition through ammonium cyanate. 

In the tables given below, the results of experiments are given 
in which the decomposition of carbamide was carried out in water- 
alcohol solutions. 

Experiments were carried out with and without addition of acid 
(hydrochloric). The method of following the rate of action was 
the same as that formerly given (loc. cit.), namely, titration of the 
ammonia produced. 

This method is entirely satisfactory for acid solutions. When 
no acid is added, the method only gives approximately correct 
results; a small part of the decomposed carbamide in this case is 
present as ammonium cyanate, and titration of ammonium cyanate 
with acids results in the escape of varying amounts of undecomposed 
cyanic acid. The numbers here given for solutions to which no 
acid has been added are therefore probably correct only to about 
5 per cent. The numbers given for acid solutions are probably 
correct to about 1 per cent. 

In preparing solutions which contain both alcohol and water, it 
may be noticed that there are several ways in which the percentage 
of alcohol can be expressed. 

The following method has here been adopted to make a solution 
containing z per cent. of alcohol: x volumes of absolute alcohol 
are mixed with 100—« volumes of water. This mixture is then used 
to dissolve the carbamide or other substance required. 

Aqueous alcohol containing as much as 90 per cent. of alcohol 
was used in these experiments, but no investigations were made 
with alcohol containing no water (100 per cent.). 

Ordinary absolute alcohol] (99°33 per cent.) was used in making 
up the solutions. 

In the details of experiments given here: 

t refers to the time in minutes measured from the beginning of 
the experiment. 

A is a measure of the concentration of carbamide at the 
beginning. 

x is a measure of the concentration of the decomposed carbamide 


at time ¢. 


1 A 
p= — } oe 
k t 810 A-2 


Most experiments were made in duplicate, and the mean value 
(A —z)m was taken in calculating the constant k. 


THE DECOMPOSITION OF CARBAMIDE. 


Tase I. 
N/10-Carbamide in water. Temperature, 71°25°. 
t. (A—2),. (A—2),. (A—2)m- 
0 12-05 12-05 12-05 
2760 11-27 11-27 11-27 
5760 10-72 10-82 10-77 
9960 10-27 10-27 10-27 
17280 9-60 9-60 9-60 
22920 9-00 9-00 9-00 
Tasxe II. 
N /10-Carbamide in 40 per cent. alcohol. Temperature, 71°25°. 
t. (A—z),. (A—z2),. (A—2)m- 
0 12-05 12-05 12-05 
5700 11-15 11-15 11-15 
11460 10-90 10-95 10-92 
20160 10-35 10-35 10-35 
23040 10-15 10-15 10-15 


The addition of alcohol diminishes the velocity of decomposition 
of the carbamide. Comparing the time occupied in the decomposi- 
tion of one-seventh of the carbamide in tables I and II: for water 
the value is 9430 minutes; for 40 per cent. alcohol the number is 
20,300 minutes. 

The effect of alcohol in decreasing the velocity of the reaction is 
not exactly the result that we expected. Addition of alcohol some- 
times decreases and sometimes increases the velocity of reactions 
as measured for aqueous solutions, but it more usually increases the 
velocity. In particular, it increases the velocity of transformation 
of ammonium cyanate into carbamide (Walker and Kay, T., 1897, 
71, 504), and the decomposition of carbamide is closely related to 
its formation. 

The action of acids on carbamide is a somewhat simpler reaction 
to study practically than the decomposition of carbamide starting 
with a neutral solution, as the ammonium cyanate formed is 
immediately decomposed by the acid. The only detectable pro- 
ducts of decomposition in this case are ammonia and carbon 
dioxide. 

The results for the action of acids on carbamide are given below. 

As one of us has already shown that the free carbamide in a 
solution of carbamide hydrochloride is the active carbamide in the 
decomposition, experiments were made to discover whether addition 
of alcohol to a solution of carbamide and hydrochloric acid had 
any marked effect on the hydrolysis of the carbamide hydrochloride. 

The amount of free acid was determined by the effect of the 
solution on the hydrolytic decomposition of sucrose at 40°. 
ss 
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Taste III. 
WN /10-Hydrochloric acid and 10 per cent. of sucrose in water. 
1 A 
As before k=-—lo , 
: t Bio —x 
t. A—x. k. 
0 58-0 — 
10 54-8 0-00246 
20 51-5 0-00258 
36 46-5 0-00266 
50 42-6 0-00268 
64 39-0 0-00269 


Mean...... 0-00265 


TaBLeE IIIa. 


N/10-Hydrochloric acid+10 per cent. of sucrose +M/20-carb- 


amide in water. 


t. A—z. k. 

0 73-7 — 
45 56-6 0-00255 
74 47-4 0-00259 
86 41-1 0-00259 

136 32-6 0-00261 
170 26-6 0-00260 
210 21-1 0-00259 

Mean...... 0-00259 


From these figures the concentration of hydrogen ion in the 
solution containing I /20-carbamide is 0°98 of that in the solution 
containing no carbamide. 


TaBLe IV. 


N/10-Hydrochloric acid and 10 per cent. of sucrose in 25 per 


cent. alcohol. 


t A—2. k. 

0 68-7 — 
30 57-9 0-:00248 
60 48-1 0-00258 
80 43-0 0-00254 

101 37-9 0-00256 
120 33-9 0-:00256 
165 26-1 0-00255 

Mean...... 0-00255 
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TasLe [Va. 


N/10-Hydrochloric acid+ M/20-carbamide with 10 per cent. of 
sucrose in 25 per cent. alcohol. 


t. A —2. : k. 

0 68-8 — 
20 61-3 0-00251 
45 53-3 0-00246 
75 44-7 0-00250 
90 41-0 0-00250 

150 29-1 0-00249 
192 22-8 0-00250 


Mean...... 0-00250 
The concentration of hydrogen ion in the solution containing 
M /20-carbamide is 0°98 of that in the solution without carbamide. 


TABLE V. 


N /10-Hydrochloric acid with 10 per cent. of sucrose in 50 per 
cent. alcohol. 


t. A-—«z. k. 

0 65-0 ~— 
36 54-4 0-00215 
50 50-4 0-00221 
63 46-5 0-00231 
78 43-0 0-00230 
96 39-0 0-00231 

109 36-0 0-00236 
134 31-1 0-00239 
157 27-4 0-00239 
182 24-0 0-00238 


Mean...... 0-00230 


TABLE Va. 


N/10-Hydrochloric acid + I /20-carbamide with 10 per cent. of 
sucrose in 50 per cent. alcohol. 


t. A-—z k. 

0 64-6 — 
62 47-3 0-00218 
75 44-9 0-00211 

110 37-0 0-00220 
134 32-7 0-00221 
150 30-0 0-00222 
175 26-5 0-00221 
191 24-3 0-00222 
227 20-3 0-00222 


Mean...... 0-00220 


The ratio of hydrogen ion in these two experiments is 0°956. 
$s 2 
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Taste VI. 


N /10-Hydrochloric acid with 10 per cent. of sucrose in 75 per 
cent. alcohol. 


t. A—«@. k. 

0 62-9 a 
41 48-8 0-00269 
62 42-4 0-00276 
73 39-5 0-00277 
92 37-0 0-00251 

102 34-7 0-00253 
110 30-5 0-00286 
134 26-5 0-00280 
150 23-2 0-00289 
164 21-5 0-00284 


Mean...... 0:00274 


TaBLE Via. 


N/10-Hydrochloric acid+ M@/20-carbamide with 10 per cent. of 
sucrose in 75 per cent. alcohol. 


6 A—«a. k. 

0 62-2 — 
22 55-3 0-00233 
37 50-9 0-00235 
56 45-1 0-00249 
65 43-0 0-00247 
84 37-8 0-00257 

101 34-4 0-00255 
125 29-8 0-00256 
148 25-6 0-00260 
163 22-6 0-00270 
177 21-1 0-00265 
190 19-8 0-00262 


Mean...... 0-00258 


The ratio of free hydrogen ion in these two experiments is 0°941. 

These experiments show that alcohol, in the concentrations used, 
has very little effect on the hydrolysis of the carbamide hydro- 
chloride. 

The next experimental work was on the velocity of decomposition 
of carbamide in acid solution containing alcohol. 

These experiments were carried out at three temperatures, 
namely, 98°2°, 71°25°, and 61°05°. 

The results are given in the following tables. 
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TaBLe VII. 


N /10-Carbamide+ WV /10-hydrochloric acid in water. Tempera- 
ture, 98°2°. 


t. (A—2),. (A—2),. (A—2)m. K-10. 
0 19-70 19-80 19-75 — 
60 17-58 17-48 17-53 84-3 
141 15-10 15-10 15-10 82-7 
170 14-28 14-20 14-24 83-6 
268 11-80 11-90 11-85 84-6 
479 7-80 7-90 7-85 83-7 
601 6-30 6-30 6-30 82-6 
Mean...... 83-6 
TasLe VIII. 


N /10-Carbamide + V/10-hydrochloric acid in 10 per cent. alcohol 
Temperature, 98°2°. 


t. (A—2),. (A—2),. (A —2)m- K-10°. 
0 20-00 20-00 20-00 — 
71 17°55 17-60 17-58 78-9 
171 14-60 14-60 14-60 79-9 
261 12-44 12-45 12-45 78-9 
374 10-30 10-30 10-30 77-0 
576 7-25 7-20 7-23 76-7 

Mean......78°3 
TABLE IX. 


N /10-Carbamide+ V /10-hydrochloric acid in 20 per cent. alcohol. 
l'emperature, 98°2°. 


t. (A—2),. (A—2)>. (A —2)m- K-10. 
0 20-28 20-25 20-27 — 
75 17-85 17-80 17-83 74:3 
141 15-92 15-85 15-89 75-1 
230 — 13-60 13-60 75-4 
363 10-98 11-00 10-99 73-2 
531 8-27 8-33 8-30 73-0 
636 6-95 7-05 7-00 72-6 
Mean...... 73-9 

TABLE X. 


N /10-Carbamide + WV /10-hydrochloric acid in 40 per cent. alcohol. 
Temperature, 98°2°. 


t. (A—z2),. (A—2),. (A —2)m. K-10°. 
0 20-30 20-40 20-35 me 
70 18-35 18-40 18-38 63-1 
182 15-60 15-60 15-60 63-5 
307 12-90 12-94 12-92 64-3 
424 10-95 11-05 11-00 63-1 
544 9-45 9-45 9-45 61-2 
666 8-22 8-20 8-21 59-1 


Mean...... 62-4 
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TABLE XI. 


N/10-Carbamide + V/10-hydrochloric acid in water. Tempera- 


ture, 71°25°. 


(A—2),. 
13-35 
11-17 

9-80 
7-70 
7-50 


(A—2),. 
13-40 
11-20 

9-90 
7-70 
7-50 


TaBLeE XII. 


(A—2)m. K-10°. 
13-38 — 
11-19 2-76 

9-85 2-82 
7-70 2-79 
7-50 2-73 


Mean...... 2-77 


N /10-Carbamide + V/10-hydrochloric acid in 10 per cent. alcohol. 


Temperature, 71°25°. 


(A—z)). 
13-70 
11-65 

9-72 
8-30 
7-55 


(A—z),. 
13-65 
11-60 

9-78 
8-30 
7-55 


TaBLE XIII. 


(A—2)n- K-10°. 
13-68 —- 
11-63 2-49 

9-75 2-58 
8-30 2-53 
7-55 2-44 


Mean...... 2-51 


N /10-Carbamide + V/10-hydrochloric acid in 20 per cent. alcohol. 


Temperature, 71°25°. 


(A—2),. 


16-50 
14-10 
11-85 
10-10 

9-90 


(A—2)p. 
16-54 
14-10 
11-88 
10-10 

8-95 


(A—2)m. K-10". 
16-52 
14-10 
11-87 
10-10 
8-98 


8-16 7-95 8-05 


Mean 


TABLE XIV. 


N /10-Carbamide+ NV /10-hydrochloric acid in 30 per cent. alcohol. 
Temperature, 71°25°. 


(A—2)). (A—2)p. (A—2)m. K-10". 
20-30 20-35 20-33 _ 
17-40 17-45 17-43 2-39 
14-70 14-75 14-73 2-46 
13-28 13-30 13-29 2-40 
11-80 11-72 11-76 2-37 
10-22 10-26 10-24 2-31 

—_ 8-70 8-70 2-27 


Mean 2:37 
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TABLE XV. 


WV /10-Carbamide + V/10-hydrochloric acid in 40 per cent. alcohol 
Temperature, 71°25°. 


t. (A—2),. (A—2)o. (A —2) m K-10°. 

0 20-25 20-25 20-25 - 
2895 17-40 17-50 17-45 2-24 
4881 15-50 15-50 15-50 2-38 
7214 13-72 13-78 13-75 2-33 
10106 12-12 12-18 12-15 2-20 
13452 10-44 10-42 10-43 2-14 
17334 8-66 8-66 8-66 2-13 


Mean 


TaBLE XVI. 


N /10-Carbamide+ NV /10-hydrochloric acid in 49°67 per cent. 
alcohol. Temperature, 71°25°. 


(A—2)). (A—2)>. (A—2)m- K-10. 
20-40 20-40 20-40 — 
18-55 18-55 18-55 2-08 
16-60 16-50 16-55 2-10 
14-62 14-58 14-60 2-02 
12-60 12-64 12-62 1-98 
10-60 10-66 10-63 1-96 

9-50 9-56 9-53 1-91 
Mean 2-01 


TABLE XVII. 


N /10-Carbamide + V/10-hydrochloric acid in 60 per cent. alcohol. 
Temperature, 71°25°. 


(A—2),. (A—z2),. (A—2)m- K-10°. 
20-65 20°65 20-65 — 
18-60 18-60 18-60 1-95 
16-40 16-38 16-39 1-92 
14-30 14-28 14-29 1-87 
12-30 12-21 12-26 1-82 
11-00 11 00 11-00 1-79 

9-84 9-84 9-84 1-77 


TaBLE XVIII. 


N /10-Carbamide + V /10-hydrochloric acid in 70 per cent. alcohol. 
Temperature, 71°25°. 


t. (A—z),. (A—2),. (A —2) ne K-10. 
0 20-45 20-45 20-45 one 

2890 18-33 18-33 18-33 1-64 
6237 16-16 16-12 16-14 
10122 14-02 13-98 14-00 
12947 12-60 12-56 12-58 
15832 11-42 11-46 11-44 
20144 10-00 10-06 10-03 
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TABLE XIX. 


N /10-Carbamide + WV /10-hydrochloric acid in 80 per cent. alcohol. 
Temperature, 71°25°. 


‘. (A—z),. (A—2)p. (A —2) me K-10° 
0 20-33 20-33 20-33 come 
3343 18-20 18-20 18-20 1-44 
7228 16-20 16-26 16-23 1-35 
10053 14-80 14-74 14-77 1-38 
12938 13-60 13-50 13-55 1-36 
17251 12-00 12-00 12-00 1-33 
19139 11-36 11-42 11-39 1-31 
Mean...... 1-36 
TABLE XX. 


N /10-Carbamide + V /10-hydrochloric acid in 90 per cent. alcohol. 
Temperature, 71°25°. 


t. 

0 
6762 
9585 

13898 
15785 


N /10-Carbamide+ WV /10-hydrochloric acid in water. 
ture, 61°05°. 


t. 
0 
9660 
18340 
28400 


(A—2z),. 


20-27 
17-00 
15-78 
14-31 


(A—2),. 


12-65 
10-80 
9-36 
7-90 


(A—2),. 
20-27 
17-00 
15-74 
14-31 
13-45 


TABLE XXI. 


(A—z),. 
12-65 
10-80 

9-40 
7-90 


TABLE XXII. 


(A —2)m: 


20-27 
17-00 
15-76 
14-31 
13-45 


(A—2)m 


12-65 
10-80 
9-38 


Mean 


K-10°. 


1-14 
1-14 
1-09 
1-13 


Tempera- 


K-10%. 


0-711 
0-708 
0-720 


-+-0°713 


N /10-Carbamide + V /10-hydrochloric acid in 30 per cent. alcohol. 
Temperature, 61°05°. 


t. 
0 
9660 
18340 
28400 


(A—z),. 


13-05 
11-47 
10-20 

8-80 


(A—2),. 
13-05 
11-47 
10-18 

8-84 


TaBLE XXIII. 


(A—2)m. 


13-05 
11-47 
10-19 

8-82 


K-10°. 
0-580 
0-586 
0-599 


eeeand 0-588 


N /10-Carbamide + V/10-hydrochloric acid in 60 per cent. alcohol. 
Temperature, 61°05°. 


i. 
0 
9660 
18330 
28400 


(A—z),. 


13-88 
12-38 
11-28 
10-02 


(A —2),. 
13-90 
12-40 
11-30 
10-06 


(A—2)m: 


13-89 
12-39 
11-29 
10-04 


K-10°. 


0-514 
0-491 
0-496 
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TABLE XXIV. 


N /10-Carbamide + V/10-hydrochloric acid in 90 per cent. alcohol. 
Temperature, 61°05°. 


t. (A—2),. (A—z2),. (A—2)m- K-10, 
0 14-15 14-09 14-12 — 
9660 13-30 13-28 13-29 0-271 
18330 12-40 12-42 12-41 0-306 
28400 11-70 11-72 11-71 0-286 
Mean...... 0-288 


Discussion of the Experimental Results and Conclusions Drawn 
from these. 


It is remarkable that throughout tables VII—X XIV the velocity- 
constants calculated by the “first order” (logarithmic) formula 
are so satisfactory. Apparently, alteration of temperature or 
alteration of the solvent by the addition of alcohol does not change 
the mechanism of the reaction. With regard to the effect of 
temperature on aqueous solutions, it has already been found by 
one of us that the temperature-coefficient for 10° for the decom- 
position of carbamide by water alone, and also by hydrochloric 
acid solutions, is 3°5 between 90° and 99°. Calculating now from 
the constants given in tables VII, XI, and XXI, the temperature- 
coefficient for 10° between 71° and 98° is 3°53, or between 61° and 
98° 3°61. 

The temperature-coefficient for the aqueous alcohol solutions is 
aiso almost identical with that for the aqueous solutions. These 
results indicate that change of temperature and addition of alcohol 
do not affect the mechanism of the reaction, although the velocity 
is altered. 

The detailed explanation of the decomposition of carbamide may 
be here stated as follows: 

When carbamide is decomposed by water, the initial decomposi- 
tion of the carbamide is one into ammonium cyanate, and the rate 
of this reaction is the same as the velocity of the decomposition of 
carbamide with acids. We therefore assume that the function of 
the hydrochloric acid is simply to destroy the ammonium cyanate 
as soon as it is formed. 

The conversion of ammonium cyanate into ammonia and carbon 
dioxide is rapid, but we do not believe this decomposition to be 
an infinitely fast reaction. When ammonium cyanate is decom- 
posed by water alone, the reaction is much slower than when acids 
are present, and the decomposition of carbamide in this case is 
regulated by the rate of decomposition of the cyanate into ammonia 
and carbon dioxide. 
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We believe it is possible that a small amount of decomposition 
of carbamide into ammonia and carbon dioxide, either direct or 
via ammonium carbamate, may go on, but the amount of this is 
quite insignificant in comparison with the amount decomposed 
after passing through the intermediate stage of ammonium cyanate. 

If there were any appreciable amount of decomposition of 
carbamide to ammonia and carbon dioxide via ammonium 
carbamate, it seems to us that addition of salts of calcium to 
aqueous solutions of carbamide should increase the velocity of the 
reaction, but we find that this is not the case. We feel compelled 
also to believe that the amount of any direct decomposition of 
carbamide to ammonium carbonate is very small, and may be 
neglected. The same conclusion appears to have been formed by 
J. Walker and others who have worked with carbamide and 
cyanates. 

Let & be the velocity-constant of the reaction carbamide—> 
emmonium cyanate, and let k/ be the velocity-constant of the 
opposing reaction, ammonium cyanate—>carbamide. Then the 
true value of “&” is in our opinion approximated to very closely 
by the velocity-constant which can be calculated from the decom- 
position experiments with acids. 

The values in tables XI and XXT are: 

2°77 x 10-5 at 71°2° and 0°713x10-5 at 61°. 

If the whole of the carbamide were free in these acid solutions, 
the numbers would be, probably, 2°83x10-5 and 0°73x10-5 
respectively. Corrected further by turning the logarithms used in 
their calculation into natural logarithms, the values are 6°5 x 10-5 
at 71°25° and 1:7 x 10-5 at 61°05°. 

Calculating the velocity-coefficient for the reverse action, 
ammonium cyanate —> carbamide, from the results of Walker and 
Hambly (T., 1895, 67, 746), we have the values 0°445 at 71°25° 
and 0°157 at 61°05°. The values (X) for the equilibrium constants 
are therefore: 


65 x 105 | 
Kee pags = o000146, 
= 17 x 10-5 
Kaw = — 0157 = 0:000107. 


From determinations of the quantity of carbamide in equilibrium 
with ammonium cyanate by Walker and his colleagues, we calculate 
that the equilibrium constants are: 

a 00065 x 0°0065 
= . 0:000457. 
Kyo0 0:0935 , 


lI 


= 0:0032 x 0-0032 
3 00968 


K = 0°000106, 
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We believe these results show very conclusively that the decom- 
position of carbamide by acids is none other than the decomposition 
of carbamide into ammonium cyanate. 

With regard to the effect of alcohol on the velocity of decom- 
position of carbamide, there is a gradual reduction in velocity 
corresponding with the proportion of alcohol added. This is best 
seen in examining tables XI—XX. 

It is not likely that the decreased velocity due to the addition 
of alcohol is on account of a retarding effect on the reaction 
carbamide —> ammonium cyanate, for other work indicates that a 
decrease is hardly to be looked for there. 

Taking the numbers of Walker and Kay (T., 1897, 71, 489) for 
the velocity (X’) of the reaction ammonium cyanate —> carbamide, 
and also the proportions of the compounds at the point of 
equilibrium, it is possible to calculate the value of & at 32°. 


TABLE XXYV. 

Percentage 

of alcohol. yy. K. k (calculated). 
0 0-00595 0-0001058 0-63 x 107° 
10 0-00774 0-0000927 0-72 x10-§ 
30 0-01290 0-000033 0-42 x10-° 
49 0-02950 0-000026 0-767 x 10° 
72 0-09300 0-00002 1-86 x 10-8 
90 0-57500 0-00001 5-75 x 107° 


The tendency is rather for the velocity-constant & to increase 
with addition of alcohol. 

Now, although these calculated values of / are for 32°, and the 
1esults we have obtained are for temperatures not lower than 61°, 
we think that, even if the experimental results were for the same 
temperature as the calculated values, a similar disparity would be 
noticeable. 

The effect of the alcohol in our experiments appears to us to be 
rather in the way of decreasing the velocity of decomposition of 
ammonium cyanate into ammonia and carbon dioxide. 

It is not possible to prove this by a direct experiment on 
ammonium cyanate, as this decomposes so rapidly into carbamide. 

We have tried, however, to discover whether alcohol has any 
effect in decreasing the velocity of decomposition of potassium 
cyanate. Our experiments indicate that potassium cyanate does 
not decompose so completely into carbonate and ammonia in a 
given time when alcohol is present as when it is absent. 

We believe that the mechanism of the decomposition of 
carbamide, when starting out with acid or neutral solutions, is 
illustrated by the following equations: 

CO(NH.)2 — NH, +OCN’.. .. . ... (I) 
NH,’ + OCN’ + 2H,O—> 2NH,°+CO”, . . . (2) 
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We have not proved, in the second equation, that the ions are 
the active molecules, but formulate the reaction as if such were 
the case. 

We have not found any evidence to show that the reaction repre- 
sented by equation (2) is reversible. 

On heating normal solutions of ammonium carbonate for several 
days, no evidence of the formation of carbamide could be detected. 

Lewis and G. H. Burrows have recently shown (J. Amer. Chem. 
Soc., 1912, 84, 1515) that on heating solutions of ammonium 
carbamate, about 1 per cent. of the carbamate is converted into 
carbamide; it seemed, therefore, a possibility that ammonium 
carbonate might be formed from carbamide, according to the 
equations: 

H,O0 + CO(NH,), — NH,O-OC-NH,. . . . . (3) 
NH,0-OC-NH, + H,O —> (NH,),CO,; . . . . (4) 

To test this, we tried the effect of adding calcium nitrate to a 
(neutral) solution of carbamide, in order to find out whether any 
acceleration in its rate of decomposition took place. It was found 
that this was not so, and we have concluded that no measurable 
amount of carbamide decomposes into ammonium carbonate by 
way of ammonium carbamate. 

The results of our experiments here and in a previously pub- 
lished research exclude the possibility of a measurable amount of 
direct hydrolysis of carbamide into ammonium carbonate. For if 
this were the case, the rate of decomposition would not be so in- 
dependent of the concentration of acid as it is found to be. 

There is therefore a great mass of undoubted evidence that the 
whole, or very nearly the whole, of the carbamide decomposes 
in neutral or acid solutions via ammonium cyanate. 

Chattaway has recently (P., 1911, 27, 280) made the suggestion 
that an isocarbamide [HN:C(OH):NH,] is an intermediate sub- 
stance formed when ammonium cyanate decomposes into carbamide. 

E. E. Walker (Proc. Roy. Soc., 1912, A, 87, 539) has suggested 
that there is possibly an intermediate product of the formula 
C(OH),(NH,)y. 

If either of these is an intermediate substance in the formation 
of carbamide, we should expect it also to be an intermediate sub- 
stance in the decomposition of carbamide to ammonium cyanate. 

We do not think there is any real evidence for the existence of 
such a substance. 

One of us (Fawsitt, Zeitsch. physikal. Chem., 1904, 48, 585) has 
shown that if an isocarbamide, containing a hydroxyl group, be 
present in aqueous solutions of carbamide, it can only be present 
in very small proportions. We have, however, tried to contemplate 
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the possibility of a very small amount of such an ssocarbamide 
being present in equilibrum with carbamide and with ammonium 
cyanate, but find that it is not possible to use this supposition for 
any better interpretation of our results than we have given already. 


Summary of Results. 


(1) The apparent hydrolysis of carbamide by water alone or by 
aqueous solutions of acids is confirmed to be merely a trans- 
formation of carbamide into ammonium cyanate, which is then 
changed into ammonia and carbon dioxide. 

(2) Addition of alcohol to aqueous solutions decreases the velocity 
of decomposition of carbamide, whether starting from neutral or 
acid solutions. 

(3) Addition of alcohol up to 75 per cent. does not greatly affect 
the amount of free carbamide in carbamide hydrochloride solutions. 


We have pleasure in expressing our thanks to Mr. E. A. Briggs, 
B.Sc., for conducting the experiments given in tables I and II. 


THE UNIVERSITY, 
SYDNEY, 


LXII.—The Mechanism of Denitrification. 
By Witiiam Hume. 


Tue first observation of a denitrifying process seems to have been 
made in the year 1868 by Angus Smith, who observed that nitrogen 
gas was evolved from a solution containing nitrates and organic 
matter. In the same year Schloesing also noticed that the lactic 
fermentation of sugar, in the presence of nitrates, evolved nitrogen. 
Neither, however, attributed these changes to bacterial action, but 
thought them to be purely chemical. E. Meusel, however, in 1875 
suggested that these and similar reactions were due to bacterial 
activity ; and Gayon and Dupetit first isolated specific denitrifying 
organisms, which they designated Bacillus denitrificans a and B 
(Compt. rend., 1882, 95, 644, 1365). 

Following these, many other organisms showing denitrifying 
properties were isolated by different investigators, these organisms 
being differentiated according as the nitrate molecule was reduced 
to nitrite, nitrous or nitric oxide, nitrogen or ammonia. 

Prior to Beyerinck and Minkman’s observation (Cent. Bakt. 
Par., 1910, 25, 30) that nitrous oxide could result from fermenta- 
tion, the conception of denitrification was represented by the 
following equations: 
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(1) 2NO,K+C...=2NO,K + CO,, 

(2) 4NO,K + 3C...=2N,+2C0;K + CO,, 
where C represents the carbon of the nutrient substance. 

Beyerinck revised the equation as follows: 

(1) 2NO,K + 2C...=N,0 + CO,K + COQ,. 

(2) 2NO,.K+C...=N,0+CO;K. 

(3) 2N,0+C...=2N,+CO,. 

Mazé (Ann. Inst. Pasteur, 1911, 25, 289), however, drew the 
conclusion that denitrification was due to a production of hydrogen 
by the organism, which view had been previously put forward by 
Stoklasa and Vitek (Cent. Bakt. Par., 1905, ii, 14, 102, 183), who 
studied the effects of different carbohydrates in their relationship 
to denitrification. 

The following research, originally undertaken to investigate the 
mechanism of the bacterial reduction of nitrates, pointed to the 
same conclusion, with the addition, however, of a certain amount 
of enzymatic reaction. 

The paper may therefore be broadly divided into two divisions, 
namely, (1) the bacterial reduction, and (2) the enzymatic 


reduction. 
The Bacterial Reduction. 


Isolation of the Denitrifying Organism. 


Previous experience having shown that ‘‘ Dried Slurry” (sewage 
filter “humus” pressed and dried with lime) from Davyhulme 
Sewage Works was rich in denitrifying organisms, this substance 
was thought to be a suitable source for their isolation. Accord- 
ingly, nitrate broth was placed in small stoppered bottles, inocu- 
lated with a small quantity of “dried slurry,” and after two days 
a plate culture was taken. After two days a large number of 
colonies had grown on the plate, 90 per cent. of which consisted of 
a non-liquefying, fluorescent organism. A replate of this organism 
produced a pure culture, which on testing for denitrification by 
nitrate broth gave an excellent positive result. 

Grown in peptone broth for twenty-four hours at 37°, the 
organism is 3°04 long and about 1°0p broad. Forty-eight-hour 
cultures showed the formation of endospores, readily stained by 
carbolfuchsin. 

Gelatin.—After twenty-four hours a streak culture formed a 
beautiful, leaf-like growth, which showed a green fluorescence in 
transmitted light, and appeared bluish-green by reflected light. 
This growth gradually spread over the whole surface of the gelatin 
without showing any tendency to thicken. The gelatin was not 


liquefied. 
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Stab cultures were beaded, and only developed very slowly; non- 
fluorescent. 

Agar.—White, fern-like growth, spreading gradually over the 
whole surface of the agar. 

Potato.—Yellowish-white, slimy growth, slightly raised, and 
showing a tendency to spread in a fern-like manner. 

Miulk.—Turned slightly brown, without showing any tendency to 
clot. Neutral-red milk tube turned yellow on second day, that is, 
the organism produces an alkaline change in milk. 


Anaerobic Action of the Organism. 


In originally investigating the action of the organism, media 
were used containing dextrose, potassium nitrate, and potassium 
phosphate, but no fermentation took place even after remaining 
in the incubator for three months. As denitrification, however, 
took place readily in nitrate broth, it was thought that perhaps 
the presence of peptone was necessary for the development of the 
organism. Accordingly, a medium was made up containing dex- 
trose, peptone, potassium nitrate, and potassium phosphate, which 
was found to ferment readily. 

A suitable medium having been found for the cultivation of 
the organism, its comparative effects, with and without nitrate, 
were investigated, with the view of finding out the mechanism by 
which the nitrate was reduced. 

The media used in these experiments were as follows: 


Flask 1. Flask 2. Flask 3. Flask 4. 


Peptone... 5 grams Peptone... 5 grams Peptone... 5 grams Peptone. 5 grams 
Meat Meat 


extract 5 ,, extract 5 ,, Dextrose. 5 ,, Dextrose. 5 ,, 
Potassium Potassium 
nitrate. 5 ,, nitrate. 5 ,, 


each made up to 1 litre with tap water, being made weakly alkaline 
with potassium carbonate when necessary. 

The apparatus consisted of a 600 c.c. Erlenmeyer flask (a) closed 
with a two-holed rubber stopper containing the two delivery tubes 
(d) and (e). One (d) dipped down into the flask, whilst the 
other (e) was bent over, and terminated just level with the lower 
surface of the rubber stopper of the flask (6). Near the top bend 
of the tube (e) a sidetube (f) was fused on, which could be closed 
with a pinch-cock and piece of pressure tubing. The flask (6) was 
graduated in c.c. by means of a paper scale affixed to the flask, 
and was connected to a vessel (c) by the syphon tube (g), which 
would be closed by a pinch-cock and pressure-tubing joint. 

The mode of investigation was to almost fill the flask (a) with 
the medium 1, 2, 3, or 4 (about 550 c.c. sufficed for this purpose), 


626 HULME: THE MECHANISM OF DENITRIFICATION. 


insert the stopper, plug the tubes (d), (e), and (f) with cotton wool 
and filter-paper caps (the flask (b) being disconnected from the 
tube (¢)), and then sterilise the whole. After sterilisation the 
filter-paper caps were removed, and the tube (e) connected with 
the flask (b). The flask (a) was then inoculated with the organism 
by momentarily removing the stopper. The vessel (c) was now 
filled with a saturated solution of calcium chloride, which was 
then syphoned over into the flask (b) by applying suction at (f) 
until it had completely filled the flask (6) and had risen up the 
tube (e) as far as the tube (/). By closing the screw clip on (g) 
this solution was prevented from syphoning back. As the gas 
evolved from the flasks 1 and 3, that is, those containing nitrates, 
was expected to evolve nitrogen, and that evolved from flasks 2 


Fie. 1. 


(c) 


(by | 


and 4 to contain hydrogen, and, moreover, as the fermentations 
were to take place anaerobically, it was necessary to displace the 
air in the flasks by some gas which would not be evolved by the 
fermentation itself. Accordingly, methane was used to replace 
the air in flasks 1 and 3, and nitrogen for this purpose in flasks 
2 and 4. This was effected by connecting the tube (d) with a gas- 
holder, and passing the requisite gas slowly through the liquid for 
about a quarter of an hour, the displaced air escaping through the 
tube (f). When all the air had been replaced, the tube was closed 
by a piece of pressure tubing and a pinch-cock, after which the 
tube (d) was sealed off in the blowpipe. The pinch-cock on (g) 
was now removed, and if the level of the calcium chloride solution 
in the tube did not alter, this showed the absence of leakage in 
the apparatus. 
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The fermentations were then allowed to take place at the 
ordinary temperature, the daily gas-evolution being measured by 
the replacement of the calcium chloride solution in the flask (0). 

The following results were obtained : 


Days. Flask 1. Flask 2. Flask 3. Flask 4. 
2 4 —_ 4 8 
+ 10 — 10 16 
6 15 7 14 30 
8 17 10 16 38 

10 24 15 22 46 
12 27 19 27 49 
14 31 22 30 51 
16 34 24 33 52 
18 37 26 35 53 
20 39 26 36 53 


As the fermentation had now apparently ceased, samples of the 
gases were removed for analysis by connecting a gas-burette to the 
pressure tubing on the tube (/). 

The percentage composition of the gases was as follows: 


Flask. Hydrogen. Methane. Nitrogen. Carbon dioxide. 
1 — 24-43 73-17 2-39 
2 50-85 — 37-50 14-65 
3 —_ 24-51 74-41 1-08 
4 60-22 a= 18-80 20-98 


Recalculated in terms of the gases of fermentation only, that is, 
without the methane in flasks 1 and 3, and without the nitrogen 
in flasks 2 and 4, we get: 


Flask. Hydrogen. Nitrogen. Carbon dioxide. 
1 — 96-83 3-17 
3 —_ 98-59 1-41 
2 70-14 — 29-86 
4 74:17 — 25-83 


Flasks 1 and 3 were now examined for nitrite. 

Flask 1 contained 50 milligrams of nitrogen as nitrite per litre. 
Flask 3 ” 120 ” ” . ” ”» 

The increased nitrite production in the latter case was probably 
due to a chemical reduction of the nitrate by the dextrose, as it 
was found by a test experiment that when solutions of potassium 
nitrate and dextrose were sterilised together, a considerable 
quantity of nitrite was produced. 

The above results show: (1) that the gas evolution due to a 
given organism depends on the composition of the medium; 
(2) that the chemical agent by which the nitrate is reduced is 
nascent hydrogen; and (3) that in the presence of nitrate the gas 
of fermentation consists almost solely of nitrogen. 

Further evidence for these conclusions was furnished by an 
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experiment in which a medium containing only a small percentage 
(0°1) of nitrate was fermented. 

Daily analysis showed that as long as nitrite was present in the 
solution, the gases of fermentation were nitrogen and carbon 
dioxide, but that as soon as this was reduced the gases evolved were 
now hydrogen and carbon dioxide. Thus the mechanism of 
denitrification consists in a liberation of nascent hydrogen, either 
from the organic foodstuff or from the water in which it is dis- 
solved (the oxygen being taken up by the organism), which reduces 
the nitrate. 

The extremely small production of carbon dioxide when nitrates 
are present is probably due to its reacting with the 


Fie. 2. Be 
nitrite to form hydrogen carbonate, 
i 2KNO, + 5H, + 2CO,=2K HCO, + 4H,O + No. 
. The Enzymic Reduction. Part I. 
It was now thought that perhaps the organism 
secreted some enzyme during the process of denitrifica- 


tion, which acted along with the nascent hydrogen in 
the reduction of the nitrates, and the four flasks, 1, 2, 
3, 4, were accordingly examined. 


Preparation of the Enzyme Solution. 


One hundred c.c. of each of the contents of the flasks 
1, 2, 3, 4 were precipitated with 500 c.c. of absolute 
L alcohol and a few grams of common salt. After re- 
maining for half an hour the precipitate was collected 
and dried in the incubator at 37° until quite free from 
alcohol, and finally redissolved in 30 c.c. of distilled 
7 water. The solutions were rendered sterile by Cham- 
: berland filtration. 

The apparatus consisted of a 25 c.c. burette (a) fitted 
i with a rubber stopper containing two delivery tubes (6) 

and (c), (b) being closed by a piece of pressure tubing 

containing a short length of glass rod, whilst (c) was 
closed with a wad of cotton wool and covered with a filter-paper 
cap. This portion was then sterilised, after which a sterile Cham- 
berland filter-candle was connected to (b) (by removal of the glass 
rod). The candle was in turn surrounded by a glass jacket (d), 
held in position by a stout piece of rubber tubing. 

The solution to be filtered was introduced into the jacket (d), 
and by applying suction at the tube (c) was rapidly transferred to 


629 


HULME: THE MECHANISM OF DENITRIFICATION. 


the burette, from which measured quantities of the sterile enzyme 
solution could readily be obtained. 

The solution was tested for enzyme action by adding a few c.c. 
to small tubes containing 5 c.c. of a sterile solution of potassium 
nitrate (1 per cent.). The tubes were then incubated at 37° for 
twenty-four hours, after which the nitrite present was quantita- 
tively estimated by means of a-naphthylamine and sulphanilic acid. 
Check tubes containing the equivalent quantity of enzyme solution 
alone, and of potassium nitrate solution alone, were always treated 
simultaneously in the same manner, so that the nitrite resulting 
from the enzymatic action alone could be accurately determined. 

In each series of experiments a tube containing the boiled 
enzyme solution was also investigated to determine the action, if 
any, of heat on the enzyme. 

The results given with the “enzyme’’ solutions from the flasks 


1, 2, 3, and 4 were as follows: 
Milligram of nitrogen 


Flask 1 (contained nitrate). as nitrate. 
1 per cent. Nitrate tube alone ................+6. " 0-005 
“Enzyme ” solution alone ............000ceseseeeee 0-01 
1 per cent. Nitrate-+ enzyme solution ............ 0-03 
1 rs: Nitrate-+ enzyme solution (boiled) 0-03 
Flask 2. 
1 per cent. Nitrate tube alone ..............0.0e005 0-005 
“Enzyme ” solution alone ............0.0ceceeeeees nil. 
1 per cent. Nitrate-+ enzyme solution ............ 0-01 
1 és Nitrate + enzyme solution (boiled) 0-01 
Flask 3 (contained nitrate). 
1 per cent. Nitrate tube alone .................+0+ 0-005 
** Enzyme ”’ solution alone ...........0.seeeeeeeeees nil. 
1 per cent. Nitrate-+ enzyme solution ............ 0-02 
1 Mt Nitrate+ enzyme solution (boiled) 0-02 
Flask 4. 
1 per cent. Nitrate tube alone ................00008 0-005 
** Enzyme ”’ solution alone ............0.seceeeeeees nil. 
1 per cent. Nitrate-+ enzyme solution ............ 0-01 
1 i Nitrate-+ enzyme solution (boiled) 0-01 


These results seem to show that the denitrification of a medium 
containing nitrates and peptone under anaerobic conditions yields 
an enzyme, which has the power of reducing a 1 per cent. solution 
of potassium nitrate. When dextrose was absent (flask 1) the 
enzyme produced was stronger in its action than when present 
(flask 3). The slight reduction obtained with the precipitates from 
flasks 2 and 4 was probably due to a purely chemical reduction 
of the nitrate by the organic matter present in the solution. 


TT 2 
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Parr II. i 

The first series of experiments having shown evidence of the pro- . 
duction of enzymes in a solution undergoing denitrification, accord- 
ingly further media were made up more fully to investigate this 
property. As denitrification was found to take place most rapidly 
in nitrate broth under slightly aerobic conditions, this was also 
thought to be the most efficient way of obtaining an enzyme. 

250 c.c. of a medium consisting of 


Peptone .........eeeeeeee 10 grams 
Potassium nitrate ...... 5 oa 
Meat extract .......... 10 ‘i 
Common salt .......... - ~“@ 


made up to 1 litre with tap water and neutralised with potassium 
carbonate, were placed in a 500 c.c. Erlenmeyer flask, which was 
then sterilised and placed in the incubator at 37°. 

After four days’ incubation 100 c.c. of the medium were re- 
moved with a sterile pipette, and were found to contain large 
quantities of nitrite. The medium was then precipitated by 
alcohol and salt, redissolved, and filtered as described above. 

The enzyme action was as follows: 


ltiansyie « 


Milligram of nitrogen 


as nitrite. 
1 per cent. Nitrate tube alone ..............eeeeees 0-005 
Enzyme solution alone ...........seseseeeeeeeeeeeees nil. 
1 per cent. Nitrate-+ enzyme solution ............ 0-03 
s « Nitrate -+ enzyme solution (boiled) 0-03 


that is, a denitrifying agent appears to be present in the “enzyme” 
solution. 

The remaining 150 c.c. of the medium were allowed to ferment 
until all the nitrate and nitrite had been decomposed. One 
hundred c.c. were precipitated with alcohol and tested for enzyme 
action as before. 

The following results were obtained: 


Milligram of nitrogen 


as nitrite. 
1 per cent. Nitrate tube alone ..............000e00s 0-005 
Enzyme solution alone ............cceeseeeeeeeeveees nil. 
1 per cent. Nitrate-+ enzyme solution ............ 0-005 
1 - Nitrate + enzyme solution (boiled) . 0-005 


that is, no enzyme action has taken place. 

These results show that the denitrification of nitrate broth 
under semi-aerobic conditions involves the production of an enzyme 
as long as nitrate or nitrite are present in the solution, but it dis- 
appears when the latter have been decomposed. 

The enzyme is not affected by boiling. 
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Comparative Tests with and without Inoculation. 


These tests were carried out to see if the reducing product 
isolated from denitrifying solutions was really due to bacterial 
influence, or whether it would also be produced in a flask contain- 
ing similar ingredients and treated in exactly the same way, but 
which all the while remained sterile. 

For this purpose the following media were used : 


Medium 1. Medium 2. 
Potassium nitrate . 10 grams Potassium nitrate ... 10 grams 
Peptone .............66 10 ,, PND: isccccssetecses m3. 
Tap-water ............ 1000 c.c PANS 6. cossikccccces ” ~ 
Tap-water..........0++ 1000 c.c. 


Two flasks of medium 1 and two of medium 2, all containing 
250 c.c., were sterilised, after which one each of media 1 and 2 were 
inoculated. Then all four flasks were incubated at 37°. 

After sixteen days’ incubation the flasks containing medium 1 
were investigated. The uninoculated flask was still clear and 
bright, but the corresponding inoculated one had become quite 
cloudy, and a considerable precipitate had formed. 

One hundred c.c. of each were precipitated with alcohol and salt, 
dried, redissolved, etc., as before. 

The solutions resulting from the precipitates from the inoculated 
and uninoculated flasks are in the following table referred to as 
EI and EU. 


The results were as follows: 
Milligram of nitrogen 


as nitrite. 

1 per cent. Nitrate tube alone .................00+ 0-005 
BOs Bett MD. ois bins svinsandecacctactacovscseccseisese nil. 
DiGiGs Me ED secrkinnsddecadeiecdscntessccsssceseesss 0-01 
: per cent. Nitrate+5c.c. EU ..........cceseeeee 0-006 

és Nitrate+5c.c. EU (boiled) ....... 0-005 
i ne Nitrate+ 5 c.c. EL.............cceeeeees 0-025 
- «= Nitrate+5 c.c. EI (boiled)............ 0-025 


Thus, whilst the precipitates from the inoculated medium con- 
firm the previous results, that obtained from the uninoculated 
flask is devoid of denitrifying power. 

After one month’s incubation the flasks containing the medium 2 
were examined in exactly the same way. 


The results were as follows: 
Milligram of nitrogen 


as nitrite. 

1 per cent. Nitrate tubes alone (Fresh samples) nil. 
DG TE BD. save scnsncesncccnciceesessccsccseasssss nil. 
DG I, Rbbih cb acn eden ccuaiecssccncscessexessecs 0-007 
: per cent. Nitrate+2¢.c. EU ..............ee00 0-001 

a Nitrate+ 2 c.c. EU (boiled) ......... nil. 
' ae Nitrate-+2 c.c, EL..............ccceeeee 0-01 
1 a Nitrate-++-2 c.c. EI (boiled) ......... 0-01 
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The effect of using 10 per cent. nitrate tubes was also investi- 
gated to determine whether the nitrite produced was dependent 
on the concentration of the nitrate. 

The results obtained were: 


10 per cent. Nitrate tube alone ............scseeeeeeeeee nil. 
10 i I OB, TN bon i cccecccccccccnsceséns 0-001 
10 ie Nitrate+2c.c. EI .......... baswebsuiadion 0-01 


that is, the nitrite produced is independent of the concentration 
of the nitrate. 

Thus both media 1 and 2 yield precipitates with alcohol. Those 
which result from the inoculated flasks (enzymes) possess the power 
of reducing a solution of potassium nitrate to nitrite, whilst those 
obtained from the uninoculated ones are devoid of this property. 
Hence the precipitate which reduced nitrates is due entirely to 
bacterial activity, and not to a purely chemical reduction. 


Conclusion. 


(1) In the process of denitrification, the denitrifying organism 
decomposes the organic foodstuff, with liberation of nascent 
hydrogen and carbon dioxide, cr perhaps acts in such a way as to 
decompose the water contained in the medium, liberating free 
hydrogen, and eliminating the oxygen along with some of the 
carbon of the foodstuff as carbon dioxide. 

(2) When nitrates are introduced into the solution, hydrogen is 
no longer evolved, but now nitrogen, along with a very small per- 
centage of carbon dioxide, the nitrates in the solution being 
simultaneously reduced. 

(3) The production of nitrites in the medium seems to be due 
to the crganism excreting some enzyme which possesses the power 
of reducing nitrates to nitrites, probably by combining directly with 
an atom of oxygen from the nitrate group, after which this oxidised 
enzyme is again reduced to its original state by the nascent hydrogen 
evolved by the organism, when it in turn reduces more nitrate. 

(4) The nitrite formed then reacts with the hydrogen and carbon 
dioxide evolved by the organism to form free nitrogen, 

2KNO, + 5H, + 2CO,=2KHCO, + 4H,0 + Ng, 
which accounts for the high nitrogen percentage in the gases evolved 
from nitrate-containing media. 


In conclusion, the author wishes to thank Dr. G. J. Fowler for 
his kind advice and friendly criticism throughout the course of this 
research. 


THE UNIVERSITY, 
MANCHESTER. 
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LXILI.—The System m-Xylene-Ethyl Alcohol- Water. 
By AtrrED Hott and Norman Murray BEtt. 


THE present communication had its origin in some observations 
made by one of us while attempting to separate a substance dis- 
solved in wet alcohol by means of m-xylene. It appears that in 
the presence of a large volume of m-xylene a very small quantity 
of water enables extraction to be carried out satisfactorily, and 
some rough experiments seemed to warrant the idea that the 
system m-xylene-ethyl alcohol—water was worthy of a funtiee and 
more detailed examination. 

The system resembles that of benzene—acetic acid—water studied 
by Waddell (J. Physical Chem., 1898, 2, 233) and benzene—alcohol— 
water. The latter system has been examined by Taylor (ibid., 
1897, 1, 461), but the present investigation covers a somewhat 
more extended field of the physical properties. 

Absolute ethyl alcohol and nearly pure m-xylene were employed, 
these substances, like ethyl alcohol and water, being miscible in 
all proportions. The question whether m-xylene and water are 
miscible to any appreciable extent has been tested by the deter- 
mination of the freezing point of distilled water both before and 
after shaking with xylene, and also by treating xylene previously 
shaken with water with anhydrous copper sulphate. In both cases 
negative results were obtained, and very recently Campbell (Phil. 
Mag., 1913, [vi], 26, 1044) has shown that moisture does not affect 
the electrical resistance of m-xylene. For all practical purposes, 
these two liquids may, therefore, be regarded as non-miscible. 
The first series of experiments were directed to a determination of 
the amount of water which could be added to mixtures of xylene 
and alcohol of varying composition and at different temperatures 
without causing separation into two layers. The method of pro- 
cedure was as follows: a known volume of xylene was taken, and 
successive equal small portions of alcohol were added. After each 
addition of alcohol, water was run in until a distinct milkiness was 
produced through separation of one phase in minute drops. The 
mixture was kept at constant temperature and was shaken re- 
peatedly. Experiments at 98° were not easy, and had to be carried 
out in closed vessels, and it was also difficult to determine the end 
point on account of the boiling of the liquid. 

Table I contains a summary of the results thus obtained, the 
values representing composition being expressed in mols. per cent. ; 
whilst in Fig. 1 these values are represented graphically, mols, of 
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Fie. 1. 


0 10 20 30 40 50 60 70 80 90 100 
Mols. of alcohol in 100 mols. of alcohol-xylene mixture. 


Fic. 2. 


120 
110 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 


Mols. of water added to 100 mols. of alcohol-xylene mixture. 


ALCONOL 
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water being plotted against mols. of alcohol in 100 mols. of alcohol 
and xylene. The curved lines represent the isotherms. 

Since, however, mols. per cent. is an inconvenient way of re- 
presenting the system graphically, the results plotted in synthetic 
volumes (that is, vols. of water added to 100 vols. of a xylene— 
alcohol mixture) are given in Fig. 2, thus forming a direct com- 
parison with Taylor’s figures for the system benzene-.alcohol—water. 


TaB.eE I. 
0°. 19°. 41°, 


Xylene. Alcohol. Water. Xylene. Alcohol. Water. Xylene. Alcohol. Water. 
49-18 41-12 9-70 48-36 40-43 11-21 46-08 38-53 15-39 
31-89 53-35 14-76 30-31 50-69 19-00 28-22 47-19 24-59 
23-23 58-27 18-50 21-31 53-44 25-25 19-79 49-63 30-58 
17-83 59-61 22-56 16-36 54-71 28-93 15-17 50-75 34-08 
14-46 59-07 26-47 13-18 56-37 30-45 12-14 50-75 37-11 
11:96 60-02 28-02 10-87 54-52 34-61 9-98 50-07 39-95 

8-73 58-43 32-84 9-22 53-98 36-80 5-57 46-61 47-82 
6-00 55-22 38-78 6-91 52-00 41-09 4-42 44:37 51-21 
4-50 62-71 42-79 4-04 47-31 48-65 3-36 41-22 55-42 
3-62 51-43 44-95 2-23 42-89 54-88 2-68 40-35 56-97 


63°, 100°. 


Xylene. Alcohol. Water. Xylene. Alcohol. Water. 
44-35 37-08 18-57 18-81 39-56 41-63 
33-22 41-67 25-11 7-59 38-24 54-17 
28-14 47:06 24-80 3°75 40-97 55-28 
21-63 45:22 33-15 
18-36 46:06 35-58 
15-87 46-44 37-69 
12-48 45-64 41-88 

993 4566 44-41 
7-66 44:95 47-39 
4:19 40-35 55-46 


The isotherms for mols. per cent. mixtures containing up to 
about 70 per cent. of alcohol can be fairly represented by the 
expression : 


a of alcohol cmntant (2), 
./Percentage of water 
and for mixtures with a greater alcohol content by the expression: 

Percentage of alcohol x'¥/percentage of xylene=constant (K’), 
the isotherms consisting of two curves of the same general shape. 
The accuracy of the values is shown in Fig. 3, where plotting the 
logarithms yields nearly straight lines. 

Further, these lines are about equidistant, and as the temper- 
ature intervals were almost the same, it follows that the constant 
varies directly with the temperature. This relation is given by the 
expressions : 
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R ‘te 


ty + 


4°40t, 


as will be seen from the following table: 


; 

Temperature. Obs. Cale. 

0° 14-28 14-28 

19 12-41 12-67 

41 10-66 10-80 

63 9-20 8-93 

98 — — 

Fic. 3. 

t A 
ye : 
Ss s 
> 3 
& = 
> > 

120 100 80 60 40 


Mols. of water. 


: 
Obs. Cale. 
314 314 
390 398 
480 494 
605 591 
765 745 


/ 


20 30 4() 
Mols. cf alcohol. 


50 60 


70 +80 
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The synthetic volume isotherms for mixtures with an alcohol 
content from 0 to 75 per cent. can also be closely represented by 
the same expression : 


Percentage of alcohol 
== = constant, 
J/Percentage of water 
the temperature relation being in this case: 
Wi, = K — 0°125%,, 
where, as in the expressions above, X,, is the constant at a tem- 
perature ¢,, and K,, the value at 0°. 

In view of the fact that, under favourable conditions, it is not 
possible to determine the end-point of the phase of complete 
miscibility of the three liquids nearer than 0°1 to 0°2 c.c. water 
in a total mass of liquid of about 60 c.c., it is seen that if the xylene 
content is large, the error in the volume of water added may be 
very considerable, whilst, as has already been pointed out, with 
little xylene the conditions are unfavotrable for a sharp end-point. 
The above values are, therefore, in quite fair agreement under the 
conditions of the experiments. Four tie-lines were determined, © 
and are represented by the lines 77’, 7',7',', T,7,', and T,T,! ‘in 
Fig. 2. The composition of the conjugate solutions was arrived at 
by different methods of analysis, and since the tie-lines have prac- 
tically a common vanishing point V, it follows that they must 
possess considerable accuracy. In the first method the xylene was 
separated from the mixture by the addition of a large excess of 
water. Its volume was measured, and thence the percentage 
volume in the phase under investigation, the amounts of alcohol 
and water being calculated by the formula already given. 

This procedure assumes that by the addition of a large volume 
of water all the xylene is separated, a point to which reference will 
be made later, but for mixtures rich in xylene it probably gives 
fairly true values. When, however, little of the hydrocarbon is 
present, the great volume of water necessary for its separation 
tends to prevent accurate estimation through breaking the xylene 
phase into small globules which cannot readily be brought together. 
In a variation of this method the density of the phase was first 
determined, and then the xylene was separated and its percentage 
volume measured. From the data thus obtained, the density and 
composition of the mixture of alcohol and water, after removal of 
the xylene, could be calculated. Thus it was possible to arrive 
at a direct measure of the volumes of each constituent liquid. On 
account of the contraction resulting from the admixture of water 
and alcohol, all calculations had to be carried out in terms of 
weight per cent., and finally transformed into volumes, 
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This method is probably most suitable for mixtures poor in 
xylene, for the amount of hydrocarbon left in the solution after 
addition of water would be relatively very small compared with the 
alcohol content, and hence analysis of the alcohol_water mixture 
by density should give good results. The tie-line 7'7’ was deter- 
mined in a totally different manner. It was observed that when 
water was gradually added to mixtures of xylene and alcohol 
varying from 75 to 25 per cent. by volume of xylene, the phase rich 
in the hydrocarbon separated initially as the lower layer, but on 
increasing the amount of water, a critical point could be obtained 
when the conjugate solutions had the same specific gravity. 
Further additions of water placed the xylene layer on top. De- 
terminations with these different mixtures of xylene and alcohol 
showed that this critical density composition lay in each case in 
the same straight line, hence there is only one phase rich in xylene, 
and one rich in alcohol, which have identical specific gravities ; 
consequently the line passing through the points is a tie-line. In 
Fig. 2 it is seen that it vanishes in the same point as the others. 

The letters K, K,, Ky, Ks, and KX, in the figure represent the 
points when the tie-lines become non-existent, and the dotted line 
shows that, at any rate, over a temperature ranging from 0° to 98° 
they lie on an almost straight line. From an inspection of the 
form of the isotherms .it is, however, clear that at temperatures 
above 100°, the line joining them will have an upward trend. 

The following table gives the analyses of the conjugate solutions 
for each tie-line, and is expressed both in mols. per cent. and 
synthetic volumes. 


Taste IIT. 
Xylene phase. Alcohol phase. 

" Mols. Vol. Mols. Vol. 
Tempera: _ per cent. per cent. per cent. per cent. 
ture. of xylene. of xylene. of xylene. of xylene. 

0° 80-18 91-22 0-93 3-40 

0 69-95 85-10 2-29 7-20 

19 82-12 91-29 1-05 3-80 

19 58-40 78-30 5-27 15-26 


The connexion between the volume of xylene phase separated 
and the amount of water added is given in the following table: 
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TaBLeE LV. 


Composition of 100 c.c. of Composition of 100 c.c. of Composition of 100 c.c. of 
xylene-alcohol mixture taken, xylene-alcohol mixture taken, xylene-alcohol mixture taken, 
75°11 c.c. of xylene 50°15 c.c. of xylene 25°01 c.c. of xylene 
24°89 c.c. of alcohol. 49°85 c.c. of alcohol. 74°99 c.c. of alcohol. 


Vol. of water Vol. of — Vol. of water Vol. of phase Vol. of water Vol. of phase 
added to rich in added to rich in added to rich in 
100 c.c. of xylene which 100 c.c. of xylene which 100 c.c. of xylene which 
above mixture. separates. above mixture. separates. above mixture. separates. 
2-11 c.c. — 6-30 c.c. _—- 15-92 c.c. a 
2-65 ,, 85-00 c.c. 6-80 ,, 27-00 c.c. 18-45 ,, 6-25 c.c 


3-15 ,, 82-55 ,, 7-80 ,, 34:75 ,, 19-70 ,, 8-50 ,, 
3-79 ,, 80-75 ,, 8-80 ,, 38-50 ,, 22:20 ,, 12:25 ,, 
6-40 ,, 78-75 ,, 9-80 ,, 42-00 ,, 27-70 ,, 16-25 ,, 


8-79 ,, 78-25 ,, 11:30 ,, 44-50 ,, 
13:90 ,, 77-50 ,, 14:05 ,, 46:25 ,, Xylene phase changes 
22-80 ,, 49-00 ,, from bottom to top 


Xylene phase changes with 17:2 c.c. of water. 
from bottom to top Xylene phase changes 
with 4°39 c.c. water. from bottom to top 


with 10-8 c.c. water. 


Reference to Fig. 2 shows that proceeding along the isotherm 
for 19° the phase rich in xylene separates out as the top layer 
between the points A and 7’, and as the bottom layer between 7 
and K, and that above about 64° two phases with the same specific 
gravity cease to exist. 


MusprattT LABORATORY OF PHYSICAL AND ELECTRO-CHEMISTRY, 
THE UNIVERSITY, LIVERPOOL. 


LX1LV.—The Ageing of Alloys of Silver and Tin. 
By Wituiiam Artuur KNIGHT. 


THIs communication deals with the ageing of filings * of alloys of 
silver and tin, and with the densities of unaged and aged filings 
of the alloy Ag,Sn. 

One of the first suggestions with regard to ageing was that it 
was due to superficial oxidation, and it must be admitted that this 
hypothesis is simple and attractive. Further than this, it is a 


* In the experiments to be described all filings were obtained by means of files of 
the same degree of coarseness, and were freed from iron by means of a magnet. The 
bars of alloy were always filed slowly and were cooled in running water every ten 
seconds. All amalgams were prepared, and the excess of mercury was squeezed out 
exactly as described in a previous communication (T., 1911, 99, 198), and the ratio 
Hg : alloy should be taken to indicate 


Weight of mercury retained by the filings 


“Weight of tilings of alloy taken 
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matter of extreme difficulty—if indeed it is not impossible—to 
prove directly that superficial oxidation does not take place during 
the ageing of these alloys, and the hypothesis had not been 
abandoned here until investigations in this laboratory seemed to 
render it untenable (R. A. Joyner, T., 1911, 99, 198; Knight and 
Joyner, T., 1913, 103, 2247). 


A. Further Experiments on the Ageing of Filings of Alloys of 
Silver and Tin. 


(1) Is the ageing of filings of an alloy accompanied by a change 
in weight? 

The alloy chosen was Ag,Sn, as with this the effect of ageing is 
most pronounced, and the ageing was carried out by heating the 
filings to 100° in a current of coal-gas. In the two experiments 
carried out it was found that no change of weight greater than 
0°0001 gram took place even after heating for one hour, and it 
was shown that replacing the current of coal-gas by a current of air 
was also without effect. The possible change of weight in these 
experiments was not greater than 0°002 per cent. of the weight of 
alloy taken.* 

(2) Attempts to oxidise filings of the alloy Ag,Sn at room 
temperature. 

Three experiments were carried out for the purpose of deter- 
mining whether ozone, dry or moist, had any effect on these filings. 
It was found that the value of the ratio Hg: alloy was not affected 
by this treatment, the actual values of this ratio in the three cases 
being : 

(1) Hg: alloy=7°178 : 3°525 = 2°04: 1. 

(2) Hg: alloy=5°263 : 2°528=2°08:1. 

(3) Hg:alloy=6°157 :3°062=2°01:1. 

Hence the filings were unaged by ozone, and, in addition, no 
change in weight was detected. 

Further, no change in the colour of the filings could be noticed, 
although it was found that moist ozone, under these same con- 
ditions, blackened silver almost instantaneously. 

A concentrated solution of hydrogen peroxide to which a few 


* From the point of view of the kinetic theory, 0°0001 gram of oxygen would 
actually have covered all the filings about 1 molecule deep, since their diameter was 
from 0°02 to 0°03 mm. In the form of oxide, on the other hand, only about 
one-third of the surface would have been covered, and it has been shown that 
characteristic physical properties are nut exhibited until such a layer is many 
molecules thick (see, for instance, Oberbeck, Ann. Phys. Chem., 1887, [iii], 31, 


336). 
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drops of sulphuric acid had been added had no effect on the ageing 
of these filings, as it was afterwards found that: 
Hg : alloy = 4°788 : 2°289 = 2°09: 1. 

If filings of the alloy Ag,Sn at room temperature are so resistant 
to the action of energetic oxidising agents like ozone and hydrogen 
peroxide, it is difficult to believe that they should become oxidised 
in coal-gas, in hydrogen, or in an exhausted vessel at 100°. 

Further, if the ageing of these alloys is due to superficial oxida- 
tion, it is reasonable to suppose that the effect would be most 
pronounced in the case of the metal which oxidises most readily. 
Yet pure tin does not age (T., 1911, 99, 201). 

To sum up the evidence unfavourable to the explanation of 
ageing as being due to superficial oxidation: ageing is not accom- 
panied by a change in weight, although (see below) it is accompanied 
by a change in density; it takes place alike on heating the filings 
in hydrogen, in coal-gas, or in a vacuum; it is not induced by 
ozone, moist ozone, hydrogen peroxide, or hydrogen sulphide (see 
below) at room temperature; it is not prevented by the presence 
of magnesium ir the alloy; grinding in an agate mortar neither 
ages unaged filings nor renders aged filings unaged. It may be 
impossible directly to disprove such a hypothesis, but it is evidently 
untenable. 

Since bars of these alloys definitely do not age, the hypothesis (d) 
(T., 1911, 99, 203) will receive further experimental examination. 

(3) What is the effect of hydrogen sulphide on filings of the 
alloy Ag,Sn ? 

Dry hydrogen sulphide appeared to have no action on the filings, 
and the undried gas also seemed to be without effect, so a quantity 
of the filings of known weight was moistened with water and ex- 
posed to the action of the gas for thirty minutes. After drying the 
filings over phosphoric oxide at room temperature, the weight was 
re-determined. The results were as follows: 

The weight before treatment was 2°7454 grams, and after treat- 
ment was 2°7455 grams. It seems possible that the slight increase 
in weight (if any) may be due to a small amount of sulphur intro- 
duced by decomposition of the hydrogen sulphide by the water 
present. 

Further, it was found that 


Hg: alloy =5°331 : 2°730=1°95:1, 
and, therefore, the filings had remained unaged. 
At 100° it was found that a pronounced change of colour 
occurred on exposing filings of the alloy Ag,Sn to the action of 
hydrogen sulphide. Filings aged in air or in coal-gas are grey, those 
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aged in hydrogen sulphide are brownish-black. This shows that 
the ordinary phenomenon of ageing is not due to any small amount 
of hydrogen sulphide present in the gas (air, hydrogen, coal-gas, 
or vacuum) in which the filings are aged. 

(4) What is the effect on the ageing of dental alloys of the 
presence of solid solutions of silver in the alloy Ag,Sn? 

Alloys containing less than 75 atoms per cent. of silver, if well 
annealed, contain only the compound Ag,Sn and free tin (Petrenko, 
Zeitsch. anorg. Chem., 1907, 53, 200; and also Joyner, loc. cit.), 
and Joyner has shown that for these alloys the phenomenon of 
ageing is roughly proportional to the amount of Ag,Sn present, 
and vanishes entirely for pure tin. 

It seemed desirable, therefore, to determine the effect on the 
ageing of an alloy of the presence of solid solutions of silver in the 
compound Ag,Sn. 

For this purpose the value of the ratio Hg: alloy was determined 
for filings (unaged and aged) of an alloy containing 85 atoms per 
cent. of silver. 

The following values were found: 


Unaged: Hg: alloy=1'99:1 
Aged: (1) Hg:alloy=1°57:1 
(2) Hg:alloy=1°68:1 


Hence the effect of the presence of solid solutions of silver in the 
compound Ag,Sn is to make the difference between the mercury 
retained by aged and unaged filings less pronounced, corresponding 
with the influence of the free tin in those alloys which contain 
less than 75 atoms per cent. of silver. 

It was noticed that the amalgams resulting from the alloy con- 
taining 85 atoms per cent. of silver were quite soft and would 
nearly flow, although the excess of mercury had been squeezed 
out exactly as in previous experiments. After three and a-half 
hours the mass had become quite hard, although the edges could 
still be rubbed off with the fingers. 

For pure silver it was found that Hg: Ag=1°26:1, but it was 
obvious that the filings retained, mechanically, a considerable quan- 
tity of mercury, which could not be squeezed out through chamois 
leather. 

The resulting amalgams were so fluid that they would readily 
flow on the hand, yet when squeezed they seemed to become harder, 
and appeared to take up more of the adhering mercury. Their 
behaviour in this respect was exactly similar to that of moist sand. 
When left overnight these amalgams became quite hard and dry. 

(5) Can ageing be due to catalytic action of the iron or products 
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of iron introduced during the filing (compare Knight and Joyner, 
loc. cit., p. 2250) ? 

A bar of the alloy Ag,Sn was heated in an atmosphere of coal- 
gas to 418° for six hours, and then to 300° for a further thirty-six 
hours, in order to obtain a loose crystalline structure. The bar 
was then wrapped in chamois leather, and broken into several 
pieces. One of these pieces was placed between two silver plates, 
wrapped up in chamois leather, and was beaten up quite fine. The 
small particles thus obtained were ground up in an agate mortar, 
and the value of the ratio Hg:alloy was determined for unaged 
and aged particles. 

The values found were: 

Unaged: Hg: alloy=1°90:1 
Aged: (1) Hg:alloy=0°63:1 
(2) Hg:alloy=0°61:1 

These values show that particles obtained in this way, which had 
not been in contact with iron, age as do filings. Hence, the hypo- 
thesis that ageing is due to catalytic action of the iron introduced 
during the filing is untenable. 

(6) Time required for the ageing of the alloy Ag.Sn. 

Separate lots of filings of the alloy were heated at 100° in coal- 
gas for five, ten, twenty ...... minutes, and the corresponding 
values of the ratio Hg: alloy were determined. The values are 
given below: 

Time of heating ....... 0 5 10 20 40 80 320 mine 
Ratio Hg: ailoy ....... 2°15 «1-33 1-21 1:14 1-08 1-12 1-12 

Hence, the alloy is completely aged in twenty minutes at 100°, 
the last three values above differing from the value after twenty 
minutes by less than the experimental error. 


B. Density at 25° of Filings of the Alloy Ag,Sn, and Contraction 
in Volume on Ageing. 


The densities of unaged and of aged filings of this alloy were 
determined in the usual way by means of the specific gravity bottle. 
All the water used in the determinations was air-free distilled 
water, and efforts were made to free the filings from the air 
adhering to them before filling the specific gravity bottle with 
water for the final weighing. The values obtained were as follows: 


Unaged Filings. 
Weight of filings taken. 


Grams. D?. 
(1) 7-8029 9-78 
(2) 10-3473 9-79 
(3) 16-9216 9-85 
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The values (1) and (2) were obtained for filings of the same 
sample of alloy, whilst (3) was obtained from a different (much 
coarser) sample. Fenchel (Dental Cosmos, January, 1910) found 
that the specific volume of the alloy Ag,Sn was 0°102 (temperature 
not stated),*giving a density of 9°80. 


Aged Filings. 
Weight of filings taken. 


Grams. D*. 
(1) 7-8029 9-89 
(2 11-6688 9-88 
(3) 27-5410 9-86 
(4) 16-5507 9-93 


In the first of these determinations for aged filings the ageing 
was carried out under water in the specific gravity bottle. In the 
other cases the ageing was carried out in coal-gas. The last value, 
9°93, was obtained from filings of the same sample of alloy as was 
used in obtaining the last value, 9°85, for the density of unaged 
filings. 

The above results show that the ageing of filings of the alloy 
Ag,Sn is accompanied by an increase in density, and, as it has 
already been proved that there is no detectable increase in weight, 
it follows that there must be a contraction in volume. 

Dilatometer measurements showed that this is the case, although 
the results did not agree well amongst themselves or with those 
indicated by the density determinations. The indicating liquid in 
the first of the dilatometer measurements was paraffin oil, in the 
other cases, xylene was used for this purpose. The ageing of the 
filings was carried out in the dilatometer, and in each case, after the 
alloy had been aged, the dilatometer was left for twenty-four hours 
at 25° in order to recover its original volume, a blank experiment 
having shown that eighteen hours was sufficient. The contraction 
in volume of the alloy was found by weighing the amount of 
mercury which could be contained between two marks on the 
capillary of the dilatometer—the upper mark showing the level of the 
indicating liquid at 25° before the alloy was aged, and the lower 
mark showing the corresponding level after the alloy had been aged. 
The results were as follows: 


Weight of filings in Contraction (as a 
the dilatometer. percentage of the 
Grams. original volume). 

6-70 0-88 

4-742 0-45 

25-620 0-30 

26-952 0-37 
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Summary. 


1. The ageing of filings of alloys of silver and tin, whether in 
coal-gas or in air, is not accompanied by a change of weight, but 
there is a contraction in volume amounting to about 0°4 per cent. 

2. The evidence now accumulated appears to render untenable 
any explanation of ageing as being due to superficial oxidation of 


the filings. 


I desire to express my indebtedness to Dr. James W. McBain 
for constant advice throughout this investigation. 

My thanks are also due to the Research Fund Committee of the 
Chemical Society for a grant towards the purchase of materials 
and apparatus. 


THE CHEMICAL LABORATORY, 
University oF Bristou. 


LXV.—The Production of High Vacua by means 
of Finely Divided Copper. 


By Tuomas Rate Merron. 


Tue production of high vacua by the absorption of gases was first 
introduced by Dewar (Proc. Roy. Soc., 1904, 74, 122), who dis- 
covered the remarkable absorption of gases by charcoal at the 
temperature of liquid air, a method now widely used in the 
manipulation of gases. 

Soddy (roc. Roy. Soc., 1907, 4, 78, 429) has found that calcium 
vapour, obtained by heating calcium in a porcelain tube, absorbs 
gases with great rapidity, and has used the method for preparing 
gases of the helium group, highly purified from diatomic impurities, 
since these gases are not absorbed. 

Gehlhoff (Ber. Deut. physikal. Ges., 1911, 6, 271) has found that, 
with the exception of the helium group, all gases can be completely 
absorbed by passing them through a vessel containing potassium 
vapour, through which the discharge from an induction coil is 
passed. 

Pfund (Physikal. Zeitsch., 1912, 13, 870) has described a method 
of producing high vacua, based on the absorption of gases by 
charcoal under the influence of an electric discharge, without the 
use of liquid air. 

I have recently found that finely divided copper, which can be 
obtained by reducing a solution of a copper salt, and is sold com- 
mercially as “ precipitated copper,” absorbs gases with great readi- 
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ness, and that the vapour pressure of the gases thus absorbed is so 
small that under suitable conditions it may be used for the pro- 
duction of high vacua. The precipitated copper is very dark brown, 
almost black in colour, and the commercial article always contains 
a large quantity of water, in addition to the occluded gases, which 
are given up on heating. It may be used for the production of 
high vacua by sealing a bu!b containing a few grams of the copper 
to the vessel to be exhausted. The vessel is then partly exhausted 
with an air-pump, the copper being heated to about 250°. On 
cutting of the air-pump and allowing the copper to cool, the residual 
gases are rapidly absorbed. 

It has been found possible to exhaust a small vacuum tube to a 
non-conducting vacuum in a very short time with two or three 
grams of copper, using a Fleuss pump, with a small calcium chloride 
drying tube, for the preliminary exhaustion. 

The absorption of gases is not due to a chemical combination, the 
gases being evolved again on heating the copper. In exhausting 
a tube in this way, it has been found that the carbon bands dis- 
appear first, then nitrogen, and lastly hydrogen. 

Experiments have also been made with helium, but this gas does 
not appear to be appreciably absorbed. 

It is necessary to observe a certain number of precautions in 
using this method. If the copper is too strongly heated it under- 
goes a change in colour and loses its absorbing power. The copper 
may be contained in a soft glass bulb, and if the bulb is heated in 
a Bunsen flame it should never be allowed to become sufficiently 
hot to impart a yellow colour to the flame. After it has been used 
for a number of times, the absorbing power of the copper appears 
to diminish, and exposure for a long time to the mercury vapour 
from a mercury pump appears to have a similar effect. 

Great care should be taken when copper which has not been 
used before for the purpose is heated for the first time. The 
occluded gases are sometimes evolved with such violence that the 
copper is blown through into the pump. 

For this reason, the bulb containing the copper shouid never be 
filled to more than, at most, one-third of its capacity, and the tube 
leading from it should be tightly packed for a short distance with 
glass wool. 

If these precautions are observed, there appears to be no reason 
why this method should not prove useful in a variety of ways in 
the manipulation of gases, more especially where liquid air is not 
available. 


25, GILBERT STREFT, 
Lonpon, W. 
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LXVI.—A Study of the Vapour Pressure of 


Nitrogen Peroxide. 
By AurreD CHarLes Giyn EGERTON. 


THE measurement of the vapour pressure of ammonia at low 
temperatures, by passing over it a known volume of hydrogen at 
a known pressure, was made by Brill in 1906; Dr. Brill and the 
present author (in 1908) used a similar method in some unpublished 
work to determine the vapour pressure of bromine. The following 
work is an application of the method to the determination of the 
vapour pressures of nitrogen peroxide. A considerable number of 
investigations has been published on the vapour pressure of this 
gas, notably by Guye (J. Chim. Phys., 1910, 8, 473), and Scheffer 
and Treub (Proc. K. Akad. Wetensch. Amsterdam, 1911, 14, 536). 
The present work begins where these finished, and the determina- 
tion of the smaller vapour pressures at low temperatures has been 
attempted. | 

The Method.—Hydrogen from an electrolytic generator is passed 
over solid nitrogen peroxide immersed in a bath at the required 
temperature. If P is the pressure of hydrogen and J its volume, 
» the volume of nitrogen peroxide collected in the absorption 
pipette during the passage of the volume V of hydrogen, and p the 
vapour pressure of the nitrogen peroxide, then p= rin 

The first point to be considered in such a method is whether the 
hydrogen is saturated with the vapour of the substance at the par- 
ticular temperature. In the work on bromine and on ammonia (by 
Dr. Brill) it was found that constant results were obtained if the 
current of gas was sufficiently slow, and the surface of the vapor- 
ising substance sufficiently great. In the case of the vaporisation 
of solids, two actions go on: first, the vaporisation process, and, 
secondly, the dissociation of the more complicated molecules; both 
take time before equilibrium is finally established. As a rule, 
therefore, lower pressures are obtained by the dynamical method 
than by the statical, when the velocity of the second process is 
slow. In the method used in these experiments, the volume of 
nitrogen peroxide at 0° is calculated from the weight found by 
titration or by colorimetric estimation, so that if the evaporation 
process is rapid enough to saturate the hydrogen, the dissociation 
process of slower rate does not come in. The vapour pressure 
obtained is that which would be given if the evaporated molecules 
were all N,O,; if some of the molecules were more complex than 
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this, the actual saturation pressure would be less than the numbers 
determined in this way, but those numbers would agree with the 
statically determined pressure. At the temperatures dealt with, 
practically none of the molecules will be NO,; some dissociation 
of N,O, molecules may occur during the passage to the absorbing 
vessel, but that does not interfere with the results, for the total 
amount of nitrogen peroxide is determined by weight, the volume 
at normal temperature and pressure being afterwards calculated. 
The preparation of the hydrogen by the electrolytic method makes 
it possible to vary the speed of its passage easily ; by making experi- 
ments at different speeds, it is possible to obtain evidence that the 
hydrogen, as it passes over, is being satisfactorily saturated with 
the vapour. The volume of hydrogen is determined electrolytically 
by means of a copper voltameter placed in series with the generator. 
The pressure is the barometric pressure, together with the over- 
pressure in the apparatus; this is measured by adjusting the height 
of the end of a tube which dips in the water contained in a tall 
cylinder, so that the levels of the sodium hydroxide solution in the 
U-shaped generator remain in line; the oxygen passes out through 
this tall tube and bubbles through the water contained in the 
cylinder. 

The method employed in these experiments for maintaining low 
temperatures consisted in using a Dewar vessel containing petro- 
leum or pentane as the thermostat, and regulating the temperature 
by the replacing of warm or cooled petroleum, either by hand or 
automatically ; this can be done at any temperature by means of a 
specially designed apparatus. Carbon dioxide and ether were used 
for experiments at -—78°, and carbon dioxide and alcohol at 
temperatures above —78°. The necessary alcohol, or cooled alcohol 
and carbon dioxide, was added to keep the temperature constant 
to within a degree, a portion of the liquid in a vacuum vessel being 
removed previously by a syphon. This was found better than the 
addition of small quantities of carbon dioxide, which was apt to 
cause too great local cooling. Stirring was accomplished by means 
air cooled in a tube immersed in carbon dioxide and alcohol, or 
acetone. The temperature was measured by means of a pentane 
thermometer, which was checked by a thermocouple, as well as by 
immersion in melting ether, nitrous oxide, carbon dioxide and 
ether, mercury and boiling ammonia. 

The Apparatus——A large U-tube contains a pure 10 per cent. 
solution of sodium or barium hydroxide. The U-tube contains two 
large nickel electrodes connected with nickel rods, which pass 
through gas-tight stoppers. The U-tube is attached by a mercury- 
sealed joint to the gas-drying tubes filled with sulphuric acid 
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and phosphoric oxide. The ends of the nickel rods are connected 
through an ammeter, an adjustable lamp resistance, and a Leblanc 
voltameter, which can be switched in or out of circuit,eas desired, to 
a 66-volt main. The phosphoric oxide tube connects with the glass 
apparatus which is to contain the nitrogen peroxide. This 
consists of a small bulb at the end of two long tubes, one of which 
is sealed internally, so that gas passing down it would bubble 
through the liquid in the bulb. 

The absorption vessel consists of a slanting tube containing 
the reagent by which the nitrogen peroxide is absorbed and 
coloured. The absorption apparatus consists also of a flask, into 


Fie 1. 


which the long exit tube dips, and the liquid in this absorbs any 
residual gas. 

The silvered Dewar vessel holds the bulb containing nitrogen 
peroxide, also the pentane thermometer and the thermo-couple, the 
arrangement for pouring in cooled petroleum and syphoning out 
that which is replaced by it, and the stirring tube. 

Method of Carrying Out an Experiment.—The current is first 
adjusted so as to give a slow stream of hydrogen (about 0°5 ampere). 
After the hydrogen has been passing for a short time, the cap 
is removed from the vessel containing the nitrogen peroxide, and 
is connected by the ground joint to the phosphoric oxide tube 
through which the oxygen is passing; the other cap is then re- 
moved, and the small phosphoric oxide tube replaced in its stead ; 
the current is then increased so that the hydrogen agitates the 
nitrogen peroxide, which is then suddenly cooled and frozen ; in this 
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way the beads become well covered with solid nitrogen peroxide. 
The current is readjusted to its former value, the temperature of 
the bath is suitably adjusted, and the hydrogen is passed through 
for at least three-quarters of an hour, the tube leading to the absorp- 
tion vessel being warmed so as to rid it of any trace of condensed 
nitrogen peroxide. In the meantime, the solution which is to absorb 
the nitrogen peroxide is placed in the absorption vessel, and the 
voltameter plate weighed and inserted. The small phosphoric oxide 
tube is then removed, and the absorption vessel replaced in its 
stead, the voltameter switched into circuit, and the over-pressure 
adjusted. The ground joints are waxed on with non-reactive wax 
so as to prevent any leak, and the current is kept as constant as 
possible during the experiment. When the reagent has attained 
the right tint, or when the experiment has run sufficiently long to 
make it possible to titrate the solution, the voltameter is switched 
out, the phosphoric oxide tube replaced, and the absorption vessel 
tipped up and washed into the flask; it is now ready for measure- 
ment, either by titration or colorimetric estimation. The vessel 
containing the nitrogen peroxide can be removed and quickly sealed 
up by the aid of ground caps, which are held on by wire embedded 
in non-reactive wax. 

Reagent, etc—The nitrogen peroxide was prepared by Ramsay 
and Cundall’s method, distilled through pure phosphoric oxide and 
over dry anhydrous strontium nitrate twice, and then again into a 
flask with a long, narrow tube, through which it could be distilled 
directly into the bulb of the apparatus containing the glass beads. 
Solid white nitrogen peroxide was obtained, which melted at 
—10°5° (—9°6° according to Guye, —10°8° according to Scheffer 
and Treub). Several preparations were made; if the nitrogen 
peroxide solidifies with any yellow or greenish tinge it is not pure, 
and this fact acts as a fairly delicate test of its purity. The boiling 
point was found to be 22°5°. Scheffer and Treub have found that 
the melting point is a better gauge of the purity of nitrogen 
peroxide than the boiling point, which depends on the rapidity of 
heating. A solution of pure potassium iodide was used for the 
experiments at higher temperatures in order to absorb the nitrogen 
peroxide. The iodide liberated according to the equation 

2KI + 2N,0,=2KNO,+ 1,+2NO 
was titrated in a stream of hydrogen by means of W/200-thio- 
sulphate solution. Griess’s reagent (a-naphthylamine and sulph- 
anilic acid) was used at the lower temperatures, the nitrogen 
peroxide being estimated colorimetrically. 
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TaBLE Ia. 
Time 
in 
'Tempera- Am- min- Pressure Vapour pressure 
ture. pere. utes. inmm. Volume and constant. in mm. 
— 78-0°+0-5° 0-30 67 1773-0 0-70c.c.a-Naphthylamine 0-037 
(0-00589) 
— 79:0 +0-5 0-29 30} 773-0 1-00 ” (0-00236) 0-041 | 
— 78:5 £0-5 0-29 284 771-0 1-00 9” (0°00236) 0-042 ‘ie 
— 780+05 023 45 774-0 1-00 9 (0°00236) 0-035 ) 
— 78:0+05 0-29 263 762-0 1-00 ” (0°00236) 0-043 
— 78:0+05 0-28 25 756-5 1-00 ” (0°00236) 0-042 
— 90:0+1-0 090 81 771-0 1-00 ” (0°00236) 0-0043) 9.9951 
— 90:0+10 090 65 762-0 1-10 ” (0°00236) 0-0059 / 
—105-5 +10 0-92 57 763-0 0-50 ” (0°00236) 0-0030) 
—105-5 +10 0-92 82 762-0 0-55 9 (0°00236) 0-0023 ; 0-0024 
—105-5 +10 0-96 86 759-0 0-50 ” (0°00236) 0-0019 | 
—120-:0 +10 0-96 191 760-0 0-077 ” (0°00589) 0-00033 
TABLE 1d. 
Time 
in Vapour 
Tempera- Am: min- Pressure pressure 
ture. pere. utes. in mm. Volume and constant in mm. 
—34:0°+1-0° 0-68 25 750-5 9-94 c.c. Thiosulphate (0-2227) 22-47 
—36-0 +1-0 0-62 27 749-5 11-33 ” (0°2227) 16-21 
—37-5 +15 0-61 124 757-5 29-16 * (0°2227) 13-15 
—38-0 +10 0-90 17 749-5 7-51 9 (0°2227) 12-93 
—44:0 +10 0-62 67 756-0 9-23 ” (0-2205) 6-62 
—45-0 +10 062 73 755-0 9-61 o (0°2205) 6-46 
—45-5+1-0 061 564 754-5 6-36 ” (0°2205) 5-31 
—50-5 +10 065 79 767-5 5-76 to (0°1124) 1-76 
—50-5 +05 0-60 67 768-0 5-48 ” (0°1124) 1-86 
—52-:0 +20 0-97 724 773-0 11-00 - (0-1120) 2-36 
—58-0 +2-0 0-48 118 774-0 1-60 0-883 
—57-5 +10 0-93 55 760-0 1-64 + (0-2205) 0-975 
—57-5+1-0 0-93 75} 761-0 4-14 9 (0-1124) 0-891 
—60-5 +05 0:86 634 763-0 6-1 c.c. Thiosulphate and Per- 
manganate (0-0309) 0-453 
—69-7 +0-4 0-96 9 763-0 1-le.c. a-Naphthyl- 
amine) (0-00236) 0-150 


The values obtained at about — 50° are not very satisfactory; the 
results with the a-naphthylamine reagent are more trustworthy 
than those with the potassium iodide. Some experiments done at 
— 78° with potassium iodide instead of naphthylamine gave erratic 
results. The iodide is oxidised by the nitrogen peroxide, and too 
high values for the vapour pressure are obtained when the results 
are calculated according to the formula given, depending on the 
formation of nitrous acid. At temperatures below —105° the 
naphthylamine colours only very slowly, and does not colour to a 
good tint, and so the results at — 120° cannot claim much accuracy, 
but the value is not far from that calculated from the simple 
empirical formula. In one experiment, at — 60°, a potassium per- 
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manganate solution was decolorised, and, after the addition of f 
potassium iodide, was titrated with thicsulphate. The value 
obtained was in fair agreement with those given by the potassium 


iodide reagent. 


Fic. 2. 
Vapour Pressure of nitrogen peroxide. 
Curve I.: -—60° to -10°. Curve II. : -—80° to -30°. 
Curve III. : -80° to —55°. 
x =Scheffer and Treub’s measurements. 
© =Author’s measurements. 
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-80° -70° -60° -50° -40° -30° -20° -10° 
Temperature. 
The curve from the mean of the above results gives a vapour- 
pressure curve closely following the equation p=abe, where 
log p= 14°9166 + 0(0°0604). 
Taste IT. 
Temperature. Pressure in mm. Temperature. Pressure in mm. 4 
— 30° 39-24 — 70° 0-151 
— 35 19-58 —75 0-075 
—40 9-77 — 80 0-036 
—45 4-87 —85 0-019 
— 50 2 44 —.90 0-0093 
— 55 1-21 —95 0-0047 
— 60 0-605 — 100 0-0023 
0-302 
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The above table, calculated from the foregoing equation, gives 
the vapour pressure of solid nitrogen peroxide for every 5° below 


— 30° down to —100°, 
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These investigations were carried out some years ago, the primary 
object of the work being to standardise some drops, which were used 
by the author for the measurement of the nitrogen peroxide evolved 
from explosives (J. Soc. Chem. Ind., 1913, $2, 331). An oppor- 
tunity to continue the work has not arisen, and in the meantime 
the interesting paper of Scheffer and Treub has been published. 
Several points appear when the above work is compared with their 
results, and it seems worth while to publish these preliminary 
investigations. 

The following table gives the vapour pressures obtained for 
nitrogen peroxide (solid) obtained by Scheffer and Treub, and by 
Guye and Drouginine: 


TaB_e IIT. 
Tempera- Tempera- 

ture. 8. &T. G.& D. R. & Y.! ture. 8.4 T. G.é DBD: Re x. 
— 36-0° 18 — — - (96-0 
— 26:0 42 66 68-6 | —15-5 — 115 —_ 
— 25-4 — 70 -— | —14:0 114 — 114 
— 23:0 53 — — | —108 146 — — 
—21:0 — — 84-6 | —10-2 — 153 147 
— 20-2 — 91 — | 


The results of Scheffer and Treub are in good agreement with 
those of Ramsay and Young for the undercooled liquid. Those of 
Guye and Drouginine also agree well for the undercooled liquid at 
low temperatures, but are somewhat higher than those of Scheffer 
and Treub and Ramsay and Young for temperatures above — 20°. 
This fact is ascribed by Scheffer and Treub to the method employed 
by Guye and Drouginine for the measurement of statical vapour 
pressures. However, the nitrogen peroxide used by Guye and 
Drouginine must have been pure; the melting point (—9°6°) that 
they obtained is the highest recorded. The experimental results 
here given nearly agree with those of Scheffer and Treub for 
temperatures above —30°, but the rate of the decrease of the 
vapour pressure is much greater. Scheffer and Treub’s results 
would indicate that solid nitrogen peroxide would have a vapour 
pressure at —45° of 8 mm., and at —50° of about 5 mm. Guye 
and Drouginine’s results decrease still less rapidly; at —30° the 
vapour pressure would be about 32 mm. 

The curve from the author’s measurements cuts the solid nitrogen 
peroxide curve of Scheffer and Treub about — 34°, and the curve 
of undercooled liquid about —26°, also the curve has a greater 
slope than would be expected from the measurements at the lower 
temperatures at which the author experimented. 

At the time of doing the experiments, in order to check the 
results obtained by the dynamic method at —50°, a few statical 
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measurements were made, using paraffin (D0°8889) instead of 
mercury in the narrow-gauge tube of a tensimeter. The bulb of 
the tensimeter contained charcoal, whilst into the opposite bulb 
pure nitrogen peroxide was distilled. The nitrogen peroxide was 
cooled in liquid air, and the whole apparatus pumped out, all the 
air being finally removed by immersing the charcoal bulb in liquid 
air and sealing off the junctions to the side of the tensimeter con- 
nected to the nitrogen peroxide. The nitrogen peroxide was then 
surrounded by a bath of alcohol cooled by carbon dioxide, and the 
temperature gradually allowed to rise, stirring before taking 
measurements. The temperatures were read by means of a pentane 
thermometer from — 60° to — 40°. 


TaBLeE IV. 
Pressure Pressure 
Temperature. in mm. Temperature. in mm. 
— 60-4° 0-93 — 46-2 4-10 
— 58-7 1-06 — 45-8 4-43 
— 56-5 1-42 — 42-8 6-20 
— 53-5 1-62 — 40-5 8-06 
—51-5 2-34 — 38-0 9-29 
— 49-3 2-93 — 36-0 12-70 


The above table gives the mean of the result of two experiments ; 
the table is open to error, due to the solubility of the nitrogen 
peroxide in the oil, and also to the small trace of gas occluded 
in the nitrogen peroxide when it was frozen in the bulb of the 
tensimeter. The values obtained between —45° and —55° agree 
closely with those obtained by the former method, and serve to 
check those results. Whether the errors mentioned can account for 
the discrepancies above and below these temperatures is a matter 
that can only be settled by further experiments. It seems improb- 
able, however, that, even taking into consideration these errors, the 
vapour pressure can be as high as 5 mm. at —50°, which is the 
value to be expected if the curve continued according to that 
obtained by Scheffer and Treub. 

The above results are substantiated by comparing the vapour 
pressure of nitrogen peroxide with that of another substance accord- 
ing to Ramsay and Young’s law. 


TABLE V. 
p. 0’. 6. 
Undercooled liquid. NO,. H,0. 6/0’. 
85 253 321 1-269 
128 260 330 1-269 


200 268 340 1-269 


— 
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TABLE V. (continued). 


p. 0. 6. 
Solid 8S. and T NO,. H,0O. 6/0’. 
146 262-2 332-5 1:265 
70 253-0 317-0 1-255 
53 250-0 312-3 1-247 
34 245-0 304-5 1-243 
18 237-0 293-5 1-240 
9-80 233 284 1-219 
4-58 227 273 1-208 
1-96 221 263 1-19] 
0-288 207 243 1-174 
0-030 192 223 1-161 


The above table gives the ratio of the absolute temperatures at 
which water, or ice and nitrogen peroxide, have the same vapour 
pressures. The ratio of the undercooled liquid, as the rule requires, 
is quite constant. The ratio of the measurements for the solid of 
Scheffer and Treub decreases, and a straight line is not obtained. 
However, if the point at —34° is neglected, a straight line can be 
drawn through the other points. The points obtained by plotting 
the values of the ratio as given by the author’s results lie near the 
prolongation of this straight line. The vapour pressures calculated 
approximately by Ramsay and Young’s equation compare well with 
the experimentally determined values from —35° to —80°, as is 
shown in table VI. It does not appear that there is any dis- 
continuity in the curve about — 35°, but rather that the determined 
values between — 30° and — 36° are slightly too high. At the same 
time, it is possible that there may be some change in the physical 
condition of the solid about this temperature, a change which might 
also account for the difference in the melting points and vapour 
pressures obtained by various observers. 


TaBLe VI. 
Calculated from 
Temperature. R. & Y. equation. From curve. 

+ 30° 26-7 — 
— 34-0 18-0 — 
— 40-6 9-8 9-77 
—45-4 5-29 4-80 
— 50-0 2-95 2-44 
— 55-0 1-54 1-21 
— 60-0 0-75 0-60 
— 65-0 0-35 0-20 
— 70-0 0-14 0-151 
— 75-0 0-06 0-075 
— 80-0 0-03 0-036 


If the vapour pressures of the nitrogen peroxide are calculated 
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according to van der Waals’ equation, log ® =a( 5, - 1), a has the 


following values: 


TasBLe VII. 

-. P mm. a. T. rm. 
43-20° 1982-6 4-32 171-2° 147 
39-00 1668-0 4-30 (atmos.) 
27-40 1007-0 4-27 
21-45 770-0 4-04 
15-00 565-0 4-22 

7-70 293-0 4-32 

— 0-60 256-0 4-22 
— 6-90 180-0 4-20 
— 10-00 146-0 4-14 
— 23-00 70-0 4-12 
— 23-00 solid 53-0 4-51 
—36-00_ ,, 18-0 4-59 
—40-00 ,, 9-8 4-48 


All the values, except the last, are taken from Scheffer and 
Treub’s measurements. The last value lies on the author’s curve. 
The formula does not hold for small values of P to the same 
accuracy as for larger values. The mean of the values for liquid 
nitrogen peroxide gives a=4°2. Now Nernst has shown that the 
“chemical constant” of the vaporisation is empirically lla; con- 
sequently, C for nitrogen peroxide should have the value 4°6. 


Measurements of the latent heat of vaporisation of nitrogen 
peroxide have only apparently been attempted once, namely, by 
Berthelot and Ogier, and they obtained at 291° abs. the value 
93°2 cals. (therefore the molecular heat of vaporisation A, taking 
into account the dissociation of N,O,, would be about 8000 cals.). 


l , ‘ , 
No value of = has been experimentally determined. Calculation 


T' 


from the vapour-pressure curve, according to the formula 


, T,.T,, _P, 
= = 45771: “2]og“2, 
i plx T,-1, °P, 


gives as value A,=7821 cals. If this value is substituted in the 
equation 
1 r ‘ 
46=C= ( ‘ — 15-35) ee | of 
£71 (l—p/my?* 10 — m1*J—3'5 ) + logp, - 1-75log7', 
the molecular heat of the liquid at 18°=26°9 cals., whence 
dr 


av 144, therefore A, will be 9458 cals. Substituting in 


Nernst’s equation: 


log p — 2458 0:0357" 
BP OTT 


+1°75log7 - +4°6, 


4571 


—— 


! 
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A similar equation for the solid gives the equation for its vapour 
pressure 
002257 

port.” 
where A, is calculated from the value (9586 cals.) between — 23° 
and — 26°, as calculated from the vapour-pressure curve of the solid, 
giving values 


logp= - —— + | 75logT - 


= 19- d -—=7-4, 
9=19°9 an rl 7 


The equations do not fit the experimentally determined vapour- 
pressure curves with satisfaction. Owing to the fact that neither 
the molecular heat of the solid or liquid, nor the change in the 
latent heat of vaporisation, has been measured, it is only possible 
to obtain an approximation of the value A, and e, according to the 
above calculation. It is hardly to be expected, then, that good 
agreement should be obtained for the calculated results with those 
observed. It will be necessary to determine the molecular heat of 
the liquid and the solid, and the latent heat of fusion of the solid, 
in order to check the observed vapour pressures at low temperatures. 


Summary. 


(1) An account has been given of a method of determining the 
vapour pressure of solid nitrogen peroxide from — 35° to —100°. 

(2) The vapour pressure decreases somewhat more rapidly than 
would be expected, and the measurements lie on the curve 
log p= 14°9166 + 6(0°0604). 

(3) The results are compared with the results of other investi- 
gators above —35°. The slope of the curves do not agree, although 
the individual measurements about — 30° are in agreement. 

(4) The vapour pressures between —60° and —40° have been 
measured statically, and agree with those measured dynamically. 

(5) The results agree with those calculated from measurements 
from the vapour pressure of water according to Ramsay and Young’s 
law. 

(6) The values obtained agree with those of Scheffer and Treub 
for the solid, if their two lowest values, which do not obey the 
Ramsay and Young equation, are considered slightly too high. 

(7) An attempt to calculate the chemical constant, the latent heat 
of vaporisation, the molecular heat, etc., according to Nernst’s 
theory, has been made, but further data are required. 


RoyaL Minirary ACADEMY, 
WooLwIicnh. 
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LXVII.—The Absorption Spectra of Some Mercury 
Compounds. 
By Ceci, Recinatp CrymBe (1851 Exhibition Research Scholar). 


Tue results of an examination of the absorption spectra of some 
simple salts of mercury have been published recently by Ley and 
Fischer (Zeitsch. anorg. Chem., 1913, 82, 329). The present work, 
which was carried out previous to their publication, confirms some 
of their observations, and includes various compounds not yet 
examined. 

Attention has been drawn by Ley and Fischer to the great 
diversity in the absorptive power of the mercuric haloids. The 
effect on the spectrum of change of solvent was noted in the case 
of mercuric chloride, and the greater absorption of alcoholic solu- 
tions of this salt compared with that of aqueous solutions was 
attributed to the weakening of the spectrum in this region caused 
by the absorption of the solvent itself (alcohol). This explanation 
can scarcely be accepted in view of the fact that a similar differ- 
ence has been observed in solutions of mercuric bromide, althcugh 
the absorption boundary of these solutions is much nearer the 
visible region. The curve for an aqueous solution of the bromide 
is given in Fig. 1; comparative readings for 10 cm. of 
M /100-mercuric bromide solution are: 


Aqueous solution transmits to 1/A 338 
Alcoholic _,, - » L/A 332 


The absorption curves for various aqueous solutions are given in 
Fig. 1, and the curves for the acetate, bromide, and nitrate have 
been added to those previously described. The absorption spectrum 
of the propionate is similar to that of the acetate, but the curve 
is dispersed slightly towards the visible. 

The absorptive power of the highly ionised mercuric chlorate 
and perchlorate varies slightly with the amount of acid added. 
The curve drawn in Fig. | (full curve) represents the absorption of 
solutions containing 8 molecular proportions of acid to 1 of salt, 
at which concentrations the two salts give the same spectra. 
Decrease in the concentration of the acid is accompanied by a 
slight increase in absorptive power, which is probably connected 
with the formation of basic salts. 

The difference between the absorption of the mercuric and 
mercurous ions has already been commented on (loc. cit.). 

The absorption spectra (Fig. 2) of the two nitrates are of interest 
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owing to the presence of the selective absorption due to the nitrate 
group, which gives rise to a characteristic band in V/10-solution. 
In the mercuric salt the selective absorption of the nitrate group 
is apparent, because the absorption due to the mercuric ion at that 
dilution does not extend far enough towards the visible to mask 


Fics. 1 AND 2. _ 


—— Hg’ (ion) in H,0. —— Hg," (ion) in H,0. 
—-— HgCl, in H,O. —--— HgBr, in H,0. 
eee ree ree Hg(C,H,05)o in H,0. oo 2.22 Hg(NOz). in H,0. 


Oscillation frequencies. 
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the band. In the mercurous salt the nitrate band has almost dis- 

appeared, as the general absorption of the mercurous ion extends 

up to, and partly overshadows, the region occupied by the band. 

The absorption of mercuric nitrite stands in strong contrast to that 

of the nitrates. The low conductivity of its aqueous solution shows 

that the degree of dissociation is very small. This is in agreement 
VOL, CY. X X 
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with the absorption curve (Fig. 2), in which there is no trace of 
the selective absorption peculiar to the nitrite ion as seen in solu- 
tions of sodium nitrite, which possess a band in V/10-solution with 
a head of frequency 1/A 2900 (Fig. 2). 

The intense absorption of the iodine and bromine molecules com- 
pared with the weak absorption of single atoms of these elements 
as ions or in alkyl compounds, suggests that the strong absorption 
of mercuric haloids might be due solely to the close proximity in 
the molecule of two halogen atoms. It has been shown (Crymble, 
Stewart and Wright, Ber., 1910, 43, 1183) that the introduction 
of a second iodine atom into a carbon chain causes no essential 
change in the spectrum unless the two halogen atoms are both 
attached to the same carbon atom, when a marked alteration in 
the absorption appears. For example, the series CH,I°CH,I, 
CH,°CHI,, and I,, represents both increase in absorptive power 
and increase in proximity of the iodine atoms. 

It might be thought that the strong absorption of ethylidene and 
mercuric iodides is simply due to the adjacent position of the 
halogen atoms, and that the central carbon or mercury atom plays 
no active part in the production of colour. To test this sugges- 
tion, some other metallic di-haloids were examined, but the results 
obtained indicate that the absorptive power of a halogen atom is 
not necessarily increased by the introduction of a second similar 
atom into the molecule, even if both halogen atoms are attached 
to the same central atom. For example, both 3N-calcium chloride 
and 3N-potassium chloride are quite transparent. In normal con- 
centration bromides absorb the extreme ultra-violet region, but no 
increase in the absorption corresponding with one bromine atom is 
produced by the presence in the molecule of a second bromine atom. 
This is seen by comparing solutions of sodium and magnesium 
bromides in alcohol, in which solvent the dissociation is small : 


1 cm. MgBr,/10 transmits to 1/A 440 
2 cm. NaBr/10 - 9 1/A 426 
Twice the length of sodium bromide solution is taken so as to 
compare lengths of solution equivalent with regard to the bromine 
atom. 
Further confirmation is afforded by the comparison of alcoholic 
solutions of potassium and barium iodides: 


5cem. Bal,/1000 transmit to 1/A 408 
10cm. KI/1000 ‘i »» 1/A 406 


Dihalogen metallic derivatives may therefore be divided into two 
groups, one in which the central metallic atom has no effect. on the 
absorption of the haloid atoms attached, for example, barium and 


Sa AE, 


wr 
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magnesium, and a second in which the central and attached atoms 
form a system showing marked increase in absorptive power beyond 
that due to a purely additive effect of the individual atoms. It is 
suggested that a characteristic property of the central atom in the 
latter case is power to vary in valency. 

These conclusions are applicable in similar manner to other 
feebly ionised salts, such as the acetate and nitrite. 


Complex Mercuric Salts. 


Complex Mercurie Chlorides—In the experimental method 
employed solutions were photographed which contained constant 
strengths of mercuric haloid and varying amounts of haloid acid 
or alkali haloid. The absorption curves of the complex chlorides 
in alcohol are given in Fig. 3. It will be seen that the absorption 
of mercuric chloride is greatly increased by the addition of hydro- 
chloric acid. If a solution is taken in which the concentration of 
the mercury is Hg/10, it is clear that the increase depends on the 
concentration of the hydrochloric acid, and a maximum absorption 
is attained when the mercuric chloride and the acid are present 
in equimolecular amounts. The solution then has a composition 
corresponding with HgCl,,HCl. Further increase in the concentra- 
tion of the acid_causes no change in the absorption curve, and it 
must be assumed, therefore, that the increased absorption is due 
to the presence of the complex HHgCl,. Additional proof of this 
may be obtained from a study of the curves, whence it appears that 
in solutions of the concentration Hg/10 the formation of this 
complex is quantitative. This becomes apparent on comparison of 
the absorption of solutions in which the concentration of the acid 
is varied with that shown by a solution of the composition 
HgCl,,HCl, which is the solution giving the maximum absorption 
at this dilution. For example, 10 cm. of a solution (concentration 
Hg/10) of the composition HgCl,,1/10HCl gives the same absorp- 
tion as 1 em. of a solution (concentration Hg/10) of the composition 
HgCl,,HCl. Consequently, it may be assumed that the same 
number of absorbing particles is present in both cases. The 
simplest explanation of this lies in the supposition that each mole- 
cule of acid added combines with a molecule of mercuric chloride, 
forming the complex HHgCl;. This continues until all the chloride 
is converted into complex, when further addition of acid causes no 
change. 

As it was desirable to confirm this result by other experimental 
methods, the molecular weight of mercuric chloride in alcohol 
before and after the addition of ammonium chloride was deter- 
mined by the elevation produced in the boiling point of the solu- 

z 2% 
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The following experiments were carried out in the Lumsden- 


Walker apparatus: 


No. of 
expt. 
I. 


II 
III. 


Ammo- 
Mercuric nium Volume of 
B. p. of chloride chloride. B. p.of solution, M.W. 
solvent. Grams. Grams. solution. c.c. HgCl,= 271 
78-2° 2-409 79-40° 12 261 ‘ 
79-05 16 276 
04743 78-70 27 278 
78-15 2-7124 0-9134 79-125 20-5 211 
78-35 2-166 79-40 12 268 . 
0-8584 79-175 22 186 
79-00 27 192 
Fic. 3. Fic. 4. 
Alcoholic solution. Aqueous solution, 
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The figures in the last column are derived by calculating the 
molecular weight of the mercuric chloride from the different rises 
in the boiling point, irrespective of the ammonium chloride 
added. 

In experiment I the values obtained for the molecular weight 
are 261 and 276. One molecular equivalent of ammonium chloride 
was now added, and the molecular weight redetermined. The 
resultant value, 278, showed that the number of active units in 
solution remained the same, indicating the formation of the com- 
plex NH,Cl,HgCl,. 

In experiment II the amount of ammonium chloride added was 
more than equivalent to 1 molecule of mercuric salt. A marked 
fall in the molecular weight occurred, showing that the number 
of active units had greatly increased, and that a portion of 
ammonium salt remained uncombined. 

A concluding experiment was made (III) in which two molecular 
equivalents of ammonium salt were added. As in experiment II, 
a marked increase in the number of active units was apparent, and 
the values obtained were found to agree very closely with that 
calculated for a solution of the composition NH,Cl,HgCl,+ 
NH,Cl (188). 

The conclusion from both methods is the same, namely, that the 
complex HHgCl, or MHgCl, is formed quantitatively at these 
concentrations in alcohol, but no higher complex is formed. 

The complex, although stable at decimolecular concentrations, 
becomes dissociated at greater dilutions, the degree of dissociation 
for a given concentration of mercury depending on the concentra- 
tion of the added chloride. The curve for the solution of the com- 
position HgCl,,10HCl is continuous until a dilution of Hg/10,000 
is reached. On further dilution a break in the curve is observed 
(Fig. 3), showing that dissociation of the complex has commenced. 
As the concentration of the added chloride decreases relative to 
the mercury, the complex begins to dissociate much sooner. From 
an examination of the curves it is possible to determine approxi- 
mately the concentration of the complex at a given dilution. 

The absorption curves of the complex formed in aqueous solutions 
(Fig. 4) are more complicated owing to the high dissociating power 
of the solvent. In decimolecular solutions of mercury salts, with 
increasing concentration of the added chloride, the limit of general 
absorption is gradually displaced towards the red, and a maximum 
absorption curve is not attained until a ratio of 30 molecules of 
chloride to 1 of mercuric salt is reached. No further increase in 
absorption can be attained, even with a solution of mercuric 
chloride in concentrated hydrochloric acid. This maximum curve 


604 


is almost identical with that for alcoholic solutions, lying just on 
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the ultra-violet side of the latter. 


Differences between the alcoholic and aqueous solutions appear 
at higher dilutions, where the greater dissociating power of the 
water causes disruption of the complex. 
of the composition HgCl,+10MCl the absorption curve shows no 
break until a dilution Hg/10,000 is reached, whereas in an aqueous 
solution of similar composition a marked break in the curve occurs 
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on passing from Hg/10 to Hg/100, indicating that dissociation of 
the complex has commenced in the latter dilution. 

Influence of the Cation on the Spectra.—The absorption spectrum 
of the complex is independent of the nature of the cation added, 
provided that the base itself does not absorb light. 
results have been obtained in alcohol with hydrogen, ammonium, 
and sodium chlorides, and in water with hydrogen, potassium, 
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Complex Mercurie Bromides and Iodides.—As will be seen from 
Figs. 5 and 6, the behaviour of the complex bromides and iodides 
is quite analogous to that of the chlorides, only the absorption 
curves are more displaced towards the red end of the spectrum. 
The quantitative formation of the complex MHgX, can be followed 
with both the bromide and the iodide, and the maximum absorp- 
tion curve is reached (in alcohol) when the two salts are present in 
equimolecular proportions, further addition of alkali salt producing 
no change. 

The maximum curves for the aqueous solutions lie on the ultra- 
violet side of those for the alcoholic solutions, and the difference 
between the two solutions, which is very slight in the case of the 
complex chlorides, is quite marked in the complex bromides and 
iodides. 

In accordance with the Abegg and Bodlander rule, the stability 
of the complex (that is, its power to resist dissociation) depends on 
the electro-affinity of the acidic ion, and increases in the series 
Cl—Br—I. This stability can be compared by noting the propor- 
tion of haloid salt to mercuric salt necessary to maintain the maxi- 
mum absorption at a given concentration. For example, the 
maximum curve for aqueous solutions at Hg/100 concentration is 
attained with 2 molecular proportions of potassium iodide to 1 of 
mercuric iodide, 10 molecular proportions of potassium bromide 
to 1 of mercuric bromide, or 100 molecular proportions of potassium 
chloride to 1 of mercuric chloride. 

The nature of these complex mercuric haloids in aqueous soluticn 
has been studied extensively by various methods. 

Evidence in favour of the existence in solution of the complex 
HgX,,2MX has been adduced from solubility data by Ditte (Ann. 
Chim. Phys., 1881, |v], 22, 551) and Richards and Archibald 
(Zeitsch. physikal. Chem., 1902, 40, 385); from observations on the 
depression of the freezing point by Le Blanc and Noyes (zbid.. 
1890, 6, 389); and from #.4/.F. determinations by Sherrill (cbid., 
1903, 48, 705). In addition to this complex many other types are 
capable of existence, and Jander (Zeitsch. Elektrochem., 1902, 8, 
688) concluded from solubility measurements that in dilute solu- 
tion at least the complex HgCl,°Cl’ preponderated. Sherrill (doc. 
cit.) states, however, that the assumptions on which Jander’s con- 
clusions are based are not justifiable. In alcoholic solutions the 
spectroscopic evidence leads to the conclusion that the complex 
HgX,,MX alone is formed, and this has been confirmed in the case 
of the chlorides by molecular-weight determinations. In aqueous 
solutions the evidence is not so clear, as objections can be raised 
agiinst the comparison of the abscrption curves of aqueous ang 
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alcoholic solutions. It should, however, be noted that, at the con- 
centrations examined, the maximum absorption curve of the 
aqueous solution coincides with, or is on the ultra-violet side of, the 
similar curve for alcoholic solutions. The alternative conclusions 
to be drawn are that the addition of an extra chlorine atom form- 
ing the complex HgX”, has no effect on the absorptive power of 
the molecule, or that the complex HgX’, forms the preponderating 
constituent of aqueous solutions at the concentrations considered. 
It must be admitted that the latter deduction is at variance with 
the bulk of the evidence mentioned above. 

Some Organic Derivatives of Mercury.—The dialkyl mercury 
derivatives are colourless, volatile liquids, devoid of any metallic 
properties. The alkyl salts (RHgX, X being an acidic radicle) 
are white, crystalline solids, the lower members of which dissociate 
in solution to a certain extent, yielding the ions RHg’ and X. 
In these compounds the group RHg— behaves like a univalent 
metallic radicle. Quite recently Kraus (J. Amer. Chem. Soc., 
1913, $35, 1732) has succeeded in isolating the groups CH,Hg, 
C,H;Hg, and higher members of the series, and he describes them 
as black deposits of high conductivity, which cohere on pressure 
and exhibit metallic reflection. 

It is of importance to observe how the absorptive power of the 
mercury atom is influenced by these changes in its chemical nature. 

The absorption curves of alcoholic solutions of mercury methyl 
chloride, bromide and iodide, mercury ethyl chloride and iodide, 
and mercury dimethyl and diethyl, are reproduced in Figs. 7 and 8. 
Ethereal solutions of mercury dimethyl and diethyl possess the 
same absorptive power as the corresponding alccholic solutions. 

Mercury methyl! and ethyl chlorides liave already been examined 
by Ley and Fischer, and they have pointed out that the replace- 
ment of one chlorine atom of mercuric chloride by an ethyl or 
methyl group causes a decrease in the absorptive power of the 
molecule. A similar change has been noted in the iodides and 
bromides, and is apparent on comparing the curves for these com- 
pounds with those previously given for mercuric bromide and 
iodide. An aqueous solution of the base CH,Hg-OH was pre- 
pared according to the method described by Dunhaupt (Annalen, 
1854, 92, 381), and was found to be diactinic in decimolecular 
concentration. 

The compounds of the base CH;Hg may now be arranged in 
order of increasing absorptive power as follows: CH,Hg-OH, 
-Cl, -Br, and -I, the absorption of the alkyl haloid being 
always less than that of the corresponding dihaloid compound. 
Ley and Fischer attribute this change to an hypsochromic action 
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of the carbon-mercury linking, and they account for the diminu- 
tion in absorption on passing from the mercuric ion to mercuric 
cyanide by the presence of two carbon-metal linkings in the latter 
compound. Applying this interpretation to the dialkyl derivatives, 
one would expect that in the series Cl-Hg-Cl, Cl-Hg-R, 
R-Hg-R the dialkyl compound would show even less absorption 
than the intermediate compound Cl-Hg-R. Reference to Figs. 
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7 and 8 will show that this is not the case, and, in fact, whilst 
mercury dimethyl possesses much the same absorptive as mercuric 
chloride, mercury diethyl is noticeably more absorptive. It is 
evident that the introduction of the second alkyl group produces 
the reverse effect to that caused by the entry of the first. 

Since the methyl and ethyl groups themselves do not possess 
absorptive power, the absorption of the dialkyl derivatives is 
probably allied to the electrochemical change undergone by the 
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mercury atom which takes place on formation of these compounds, 
and is associated with the consequent disappearance of its metallic 


properties. 
EXPERIMENTAL. 


The metallic salts employed were carefully recrystallised before 
use. 

It was found that alcoholic solutions of barium iodide decompose 
on keeping, and absorption bands begin to appear with heads at 
frequencies similar to those described for various carbon-iodine 
compounds. This difficulty was avoided by photographing the 
solution as rapidly as possible after preparation. 

The solution of mercuric nitrite was obtained by treating a silver 
nitrite solution with an equivalent of mercuric chloride, filtering 
off the precipitate, and diluting to the required volume. 

Solutions of the oxy-salts were prepared by dissolving the purified 
oxide in the desired excess of acid. 

Mercury dimethyl (redistilled) boiled at 91—92°, and mercury 
diethyl (redistilled) at 157°. 

The alkyl haloid salts were recrystallised from alcohol several 
times. The bromides and iodides were prepared by boiling solu- 
tions of the alkyl chlorides with silver oxide, removing the silver 
chloride, and precipitating the salts from the solution of the free 
base by the addition of bromides or iodides. 

Mercury methyl chloride melted at 170°, mercury methyl 
bromide at 160°, mercury methyl iodide at 145°, mercury ethyl 
chloride at 192°5°, and mercury ethyl iodide at 182°. 


Conclusions. 


(1) The absorption spectra of mercury compounds varies greatly 
with the nature of the attached groups. The absorptive power of 
the molecule is increased by the different groups in the following 
order: (CN), Hg” (ion), Cl,, (C,H,O0,)., (CsH;O2)s, Hg.” (ion), 
Brz, (NOz)o, Ip. 

(2) It has been shown that the absorptive power of the com- 
pound does not reside solely in the attached groups, but depends 
on an interaction between them and the mercury atom. 

(3) The entrance of the mercury atom into complex haloid salts 
is accompanied by an increase in the absorptive power of the com- 
pound, which is independent of the second positive atom (for 
example, H, Na, K, NH,). 

The composition of the complex formed can be determined, and 
its progressive dissociation on dilution followed. 

(4) The haloid complex HgX,,MX is formed quantitatively at 


decimolecular concentrations in alcohol. There is no spectroscopic 
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evidence of the formation of any higher complexes such as 
HgX,,2MX in either alcohol or water. 

(5) Replacement of one chlorine atom in mercuric chloride by a 
methyl or an ethyl group causes a decrease in absorptive power, but 
similar replacement of the second chlorine atom causes an increase. 


The author desires to express thanks to the Research Fund Com- 
mittee of the Chemical Society for a grant in aid of the expense 
of this investigation. 


UNIVERSITY COLLEGE, 
Gower St., W.C, 


LXVIII.—The Relation Between the Absorption Spectra 
of Acids and thew Salts. Part I. 


By Rosert Wricut (1851 Exhibition Scholar). 


In a former communication (T., 1913, 103, 528) the absorption 
spectra of several acids and their sodium salts were compared, and 
it was shown that in many cases change in absorptive power takes 
place on neutralisation, even when alteration of molecular structure 
is hardly possible. Hantzsch and Scharf (Ber., 1913, 46, 454, 3570) 
have further compared various acids with their salts and esters in 
several different solvents, the results—in as far as they are in 
common—being in agreement with those published in Part I. of 
this paper; whilst Henri (Ber., 1913, 46, 464, 3650), by measure- 
ment of extinction-coefficients, has shown that the sodium salt of 
formic acid is about three times, and that of acetic acid two and 
a-half times, less absorptive than the corresponding acid. 

In the present paper the work has been extended to metals other 
than sodium, care being taken that the metal used does not of itself 
show any absorption in the range of spectrum investigated. In all 
cases the salts were prepared by neutralising a definite quantity of 
the acid, either with the metal itself, as in the case of magnesium, 
or more usually by means of the oxide or hydroxide, so that the 
different salts of a given acid all contain equal quantities of the 
same sample of acid, and are therefore of equal purity as far as 
the acidic radicle is concerned. The only exception to this method 
of preparation was in the case of zinc acetate, when a recrystallised 
specimen of the salt was used. 
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N-Formic Acid. 


10 cm. 
Spectrum trans- 
mitted to A 


2520 
2420 
2430 
2420 
2430 
2390 
2400 
2400 
2390 


N-Acetic Acid. 


10 cm. 
Spectrum trans- 
mitted to A 


2460 
2400 
2410 
2410 
2420 
2390 
2430 
2400 
2410 
2400 


N-Projonic Acid. 


10 cm. 
Spectrum trans- 
mitted to A 


2480 
2460 
2460 
2460 
2465 
2470 
2460 
2465 
2460 
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1 cm. 


Spectrum trans- 
mitted to A 
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2320 
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1 cm. 
Spectrum trans- 
mitted to A 
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2320 
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2325 
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2325 
2320 


1 cm. 
Spectrum trans- 
mitted to A 


2360 
2340 
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2340 
2335 
2330 
2340 
2340 
2340 
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TaBLe IV. 
N-Butyric Acid. 
10 cm. 1 cm. 
Spectrum trans- Spectrum trans 
mitted to A mitted to A 
BOM sasssiasensaceccssnscesssenciaceoess 2490 2390 
BR GID ccccccncsccccccccccccesseevees 2465 2330 
MEM fp, decswdeenwccscbensessbnssnecs 2465 2330 
K bo: PadNeRsendsnencdincecesecciess 2460 2330 
PNM 4p, tandncdnncsacecdensonecenneess 2460 2330 
SO ke ssuncicterwssanosannscwmanascca 2460 2330 
Me ee 2465 2330 
BO gh, nadnorsccssuesissoseseenssede 2470 2340 
BE 5h. Stcescseassncesssacsccsensesns 2460 2340 


It will be seen that in all cases the neutralisation of the acid, by 
whatever base, produces the same effect, although in slightly vary- 
ing degree—that is, the salt is always more diactinic than the acid 
itself. Thus the quality of the change produced is independent of 
the metal used, and so must be due to some common property of 
salts which is non-existent in the corresponding acids. It seems 
possible that the change in the degree of ionisation which takes 
place on neutralisation may be the explanation, as in all the above 
cases the salts are much more highly dissociated than the acids from 
which they are formed. 

In order to determine whether there is any definite relation 
between the change in absorptive power and the change in the 
degree of ionisation which takes place on neutralisation, the absorp- 
tion spectra of a number of inorganic and organic acids of different 
strengths have been compared with those of their sodium salts. 
The comparison in all cases was made in aqueous solution, and acids 
of a complicated nature, which are more or less liable to change of 
structure on neutralisation, were avoided. 

For the sake of convenience, the acids examined are roughly 
grouped according to their strengths. 

Strong Acids.—Most of the strong inorganic acids and their salts 
are too diactinic to admit of investigation. These diactinic acids 
include sulphuric, hydrochloric, chloric, perchloric, hydrobromic, 
and the various phosphoric acids and their salts; again, others such 
as hydriodic decompose so readily that their examination is 
impossible. Nitric acid has been shown by Hartley (T., 1902, 81, 
556) to have a spectrum identical with that of its potassium salt, 
and in Part I. of this paper the same has been shown to be true 
of the moderately strong picric and chloroacetic acids. Benzene- 
sulphonic acid, the absorption-curve of which is shown in compari- 
son with sulphurous acid, has the same absorption as its sodium 
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salt, and the same is seen to be the case with bromic and iodic acid, 
the absorptions of which are here given: 


TABLE V. 
10 cm. 1 cm. 
Spectrum trans- Spectrum trans- 

mitted to mitted to 
Bromic acid (N/10) ............66. 2700 2490 
Sodium bromate ................065 2700 2490 
Todic acid (N/10)...........sessee0. 2870 2710 
Sodium iodate ..................008 2870 2710 


The conclusion may be drawn that strong acids which do not 
change their structure on neutralisation show the same absorption as 
their sodium salts. 

Acids of Moderate Strength.—In this group are considered acids 
of a strength comparable with acetic or formic acid, or, in other 
words, such acids as obey Ostwald’s dilution law and give an 
ionisation-constant. The fatty acids have already been dealt with, 
and it is seen that, no matter what metal is used, provided its ion 
is non-absorbent, the salt is always more diactinic than the acid, 
the greatest difference between the transparency of acid and salt 
being found in the case of the strongest acid, falling off as weaker 
acids are dealt with. The same result was found in the series 
benzoic, phenylacetic, and phenylpropionic acid, the spectrum of 
the last being almost identical with that of its salt (Part I). The 
oxalic acid series was also examined in Part I of this paper, but as 
the two hydrogen ions of the dibasic acids have different ionisation- 
constants, it was considered advisable to examine the effect of 
neutralising each separately. 


TaBLe VI. 
10 cm. 1 cm 
Spectrum trans- Spectrum trans- 
mitted to mitted to K. 

Oxalic acid (N/10) ................ 2900 2500 10-0 
BEING OOU6 CIE /10)......0ccecccsecsceses 2900 2500 
ae 2740 2440 
Malonic acid (NV) ..............000. 2520 2430 0-163 
OS ae 2500 2410 
MNPEEED eacsccisicccasciccesesenes 2485 2375 
Succinic acid (N) ................4. 2470 2360 0-0066 
OT  —, aeerenree 2470 2350 
MN OED i scipasvccdccinicdiacercce 2470 2340 
BOON BCID (NN) ons cccecsecesecces 2530 2470 0-097 
NN CED sciciccsendesndccecescne 2510 2430 


BION: icsussctecuinsiiesiabinniiin 2470 2350 


SPECTRA OF ACIDS AND THEIR SALTS. PART IIL. 673 


It will be seen that oxalic acid behaves in the same way as a 
strong acid in the neutralisation of the first hydrogen ion; this, 
indeed, has been shown by Hantzsch and Scharf in the paper 
already mentioned, and it is only on replacement of the second ion 
that an increase in transparency takes place. This result is in 
agreement with the view that the first ion is much more highly dis- 
sociated than the second, and explains why a strong acid like oxalic 
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can behave like its weaker homologues, but only with regard to its 
second or weaker hydrogen ion. In malonic acid both of the 
carboxyl groups are feebly ionised, so we find a gradual change on 
the neutralisation of each. The spectra of succinic acid and its 
salts are practically identical, but on strengthening the acid by the 
introduction of hydroxyl groups we again find an increase in trans- 
parency on neutralisation. 
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The absorption curves for nitrous and sulphurous acid and their 
salts are shown (Fig. 1). In both cases the results are similar to 
those obtained for moderately strong organic acids, that is, the salts 
are more diactinic than the acids. It seems probable, however, in 
the case of sulphurous acid we have a change of structure taking 
place, for the absorption band, which is well marked in the acid, is 
absent in the neutral salt. In view of the doubtful constitution of 
sulphurous acid, the result is of interest, and would probably repay 
further investigation. The curve for nitrous acid is of somewhat 
doubtful value, as this substance decomposes very readily ; the acid 
was prepared by adding excess of hydrochloric acid to the requisite 
quantity of sodium nitrite, the solution being kept at zero by means 
of ice. 

The conclusion may be drawn that in acids of moderate strength 
the sodium salt is more diactinic than the acid itself, the difference 
being greatest in the case of the stronger acids, and falling off to 
nothing with the weaker homologues. It should be noted that this 
gradation only holds good for the acids of a given series; for 
example, we cannot compare succinic or phenylpropionic acid with 
acetic. 

Very Feebly Acidic Substances.—This group comprises the phenols 
and their derivatives, together with such acids as arsenious acid and 
hydrogen sulphide. Owing to their want of absorptive power, boric 
acid and hydrocyanic acid cannot be examined. As in the case of 
the oxalic acid series, the plan has been followed of neutralising the 
dibasic acids in stages, so that the effect of each replacement of 
hydrogen can be noted separately. 


Taste VII. 
10 cm. 1 cm. 
Spectrum trans- Spectrum trans- 
mitted to mitted to K. 
Phenol (N/100)........cccsccsccscees 2890 2840 0-013 
NE aiciatcactinesdivdenessnreersxne 3140 3060 
p-Cresol (N/100)........ccsccccecceee 2980 2930 0-0;11 
i cdidcbcetinetbanswemeetscemanbes 3230 3180 
o-Cresol (N/100) ..........eceeeeees 2910 2850 0-0,;42 
PE sttrtnrttbncsnscsenescadscsnsses 3160 3090 
Thymol (N/100) ...............00+ 2930 2870 — 
dsb dnntthbienebenedicnimscscese 3190 3090 
Guaiacol (N/100) ..............006 2940 2880 — 
PN 0c dedcdccndidanndesnsecsadac 3160 3090 
o-Hydroxybenzoic acid (N/100) 3415 3310 0-102 
CO.,H neutralised .................. 3400 3260 


CO,.H and OH neutralised ...... 3500 3390 


’ 
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TaBLE VII. (continued). 


10 cm. 1 cm. 
Spectrum trans- Spectrum trans- 

mitted to mitted to K. 
p-Hydroxybenzoic acid (N/100) 2980 2930 0-0029 
CO,H neutralised ................4+ 2940 2870 
CO.H and OH neutralised ...... 3170 3099 
Arsenious acid (N/10) ............ 2390 2250 = 
BOHM << basiscdnccspeisdsnciacsones 2530 2380 
BRUNE bsdeniasicccscneanscnscisess 2560 2410 
TRO I i vavascataws sous tnncdacousnten 2560 2410 
Hydrogen sulphide (N/10) ...... 2480 2330 0-05,57 
TROMMIND. eiskcassecscussscasedacsswse 2790 2680 
DRG THEE. bessasccarcsccesicnscscdsnnces 2790 2680 


The conductivity constants are those given by Kohlrausch, with 
the exception of the constants for phenol and hydrogen sulphide, 
which are taken from a paper by Walker (T., 1900, 77,5). It will 
be seen that the neutralisation of a very feeble acid causes an 
increase in the absorptive power. Further, the more strongly acidic 
carboxylic groups of the hydroxybenzoic acids, more especially in 
the case of the para-compound, behave like the moderately strong 
acetic or benzoic acids, in that their neutralisation causes a decrease 
in absorption, and it is only on neutralisation of the feebly acidic 
phenolic group that an increase in absorptive power takes place. 
This effect is much more marked in the para- than in the ortho- 
compound, possibly because the two groups are more separated in 
the former case, being thus less liable to affect each other. It 
should also be noted that the neutralisation of the final hydrogen 
atom in arsenious acid and hydrogen sulphide produces no change 
in their absorption spectra; this is probably due to the high degree 
of hydrolysis of these fully neutralised salts, and points to the exist- 
ence in solution of the acid salts alone. In order to show the effect 
of gradually increasing the acidic properties of a phenol, the absorp- 
tion curves are given for o- and p-nitrophenols, 2: 4-dinitrophenol, 
and picric acid (Fig. 2). It is clear that as the strength of the acid 
increases, the relation between the absorption of acid and salt under- 
goes marked change; thus, the large increase in absorption produced 
on neutralising o-nitrophenol (A =0°000043) and p-nitrophenol 
(K=0°000012) has almost vanished in the case of 2: 4-dinitro- 
phenol (K =0°008), whilst the strong picric acid shows the same 
spectrum as its salt. Again, it should be noted that we cannot 
compare acids of widely different structure, for although 
2: 4-dinitrophenol is stronger than acetic, yet it behaves in the 
reverse way on neutralisation, becoming more absorbent instead of 
more diactinic. 

VOL. CV. YF 
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It is very generally held that the change produced on the neutral- 
isation of phenolic substances, especially those containing a nitro- 
group, is one of structural rearrangement (Baly, Edwards, and 
Stewart, T., 1906, 89, 514; also Buttle and Hewitt, T., 1909, 95, 
1756), and it is quite probable that in some cases this view is correct. 
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On the other hand, it should be borne in mind that very often no 
fundamental change is produced in the form of the absorption 
curve, neutralisation neither creating nor destroying a band, but 
only altering its position and intensity. It is, indeed, a matter 
of some difficulty to decide when a change in structure does or 
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does not take place; for example, 2: 4-dinitrophenol is shown to be 
similar to, but slightly more diactinic than, its salt. Buttle and 
Hewitt have, however, shown (/oc. cit.) that on adding hydrochloric 
acid (100 mols. HCl: 1 mol. 2: 4-dinitrophenol), not only is this 
diactinity greatly increased, but the form of the absorption curve 
is also changed. In fact, the question would seem to resolve itself 
into one of degree: How great a change in absorptive power is per- 
missible without assigning change of structure? If the phenoxides 
differ in structure from their parent substances, is the same true of 
acetates and formates? 

The conclusion may be drawn that very feebly acidic substances 
are less absorptive than their sodium salts. 

Although it is certainly. desirable that more extended observa- 
tions, preferably of a quantitative nature, should be made before 
any definite conclusions are drawn, stil] it must be borne in mind 
that comparisons can only justly be made between acids of a similar 
nature, and that the absolute certainty of absence of change of 
structure can never be depended on, more especially in the case of 
complicated substances. The following explanation has at least 
the claim of simplicity, and it is in agreement with the so far 
observed facts. 

A simple electrolyte in solution consists of free ions and non- 
ionised molecules; the latter may be considered to be in a state of 
stress, as they break down on further dilution. The assumption 
which will be made is that these stressed molecules have an in- 
creased power of absorption, being not only more absorbent than 
free ions, but also than molecules incapable of ionisation, and there- 
fore free from what may be called ionising stress. 

Now in strong acids the degree of ionisation approximates more 
or less with that of the salt, that is, the percentage of stressed 
molecules is nearly the same in the two cases, and therefore, since 
neither the acid hydrogen nor the metal which replaces it show 
any absorption in the range of spectrum investigated, the absorp- 
tion spectra are identical. With weaker acids, such as formic, 
acetic, etc., the proportion of non-ionised, and therefore stressed, 
molecules is much greater than in the corresponding highly ionised 
salt; we therefore find that the acid is the more absorbent, oxalic 
acid presenting the interesting case of an acid with one strong and 
one weak hydrogen atom. 

If we now consider the acids of a series, we find that as the acids 
get weaker their greater absorptive power as compared with their 
salts diminishes, or even vanishes altogether, whilst extremely 
feeble acids absorb much less than their sodium salts. This is due 
to the fact that these very weak acids are almost non-ionisable ; that 

YY 2 
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is, although there are more non-ionised (stressed) molecules present, 
yet these molecules are so inert that the ionising solvent has little 
or no effect on them, and they are therefore stressed to a very small 
extent. On the other hand, their salts are good electrolytes, and 
so contain non-ionised molecules capable of ionisation, and there- 
fore in a state of stress, which readily accounts for their greater 
absorptive power. If we go still further and deal with acids so 
weak that their salts are practically completely hydrolysed in solu- 
tion, we arrive at a state where the spectra of acid and salt are 
again identical. This state seems to have been reached in the case 
final hydrogen atom in arsenious acid and hydrogen sulphide, for 
in neither case does the replacement of this atom by sodium pro- 
duce any change in the absorption spectrum. 

We might represent the relation between the absorptive power 
of a completely ionised salt and its acid, which will be considered 
capable of existing in any degree of ionisation, by means of the 
accompanying curve (Fig. 3). The horizontal line represents the 
unvarying absorptive power of the fully ionised salt, whilst. the 
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absorption of the hypothetical acid, varying from complete ionisa- 
tion at A to absolute inertness at B, is given by the curved line. 
As the ionisation of the acid decreases, the absorption at first 
increases, and then diminishes, becoming again equal to, and then 
less than, that of the salt, the spectra again becoming the same 
when the acid has grown so weak that its salts are completely 
hydrolysed. 

Summary.—Leaving aside cases of structural change, the results 
seem to indicate that: 

(1) The nature of the change in absorption produced on the 
neutralisation of an acid by a diactinic base is independent of the 
base used, but varies slightly in degree with the different bases. 

(2) Strong acids show the same absorption as their sodium salts. 

(3) Acids of moderate strength, such as acetic, are more absor- 
bent than their sodium salts, the difference between the spectrum 
of the acid and its salt growing less when we deal with weaker 
acids. 

(4) Very feebly acid substances are less absorbent than their 
salts. 


one 
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(5) A general explanation of the observed facts can be made by 
assuming that a non-ionised molecule capable of ionsation exists in 
a state of stress, and is more absorptive than a similar free ion or 
than a molecule incapable of ionisation. 


UNIVERSITY COLLEGE, QUEEN’s UNIVERSITY, 
GowEnr STRERT. BELFAST. 


LXIX.—Organic Derivatives of Silicon. Part XXII. 
The So-called Siliconic Acids. 


By Joun ArtHur Meaps and Freperic STANLEY KIppPine. 


In 1870, Friedel and Ladenburg obtained an amorphous solid by 
hydrolysing ethylsilicon trichloride, EtSiCl,, with water (Ber., 8, 
15); they named this product silicopromonic acid and assigned to 
it the formula C,H;°Si0-OH. 

Shortly afterwards, by similar methods, Ladenburg prepared 
other amorphous organic silicon compounds which he described as 
silicoacetic acid, CH,*SiO-OH, silicobenzoie acid, C,H,;*Si0-OH, 
and vilicotolyle acid, C;H,*Si0-OH, respectively (Annalen, 1875, 
179, 143); these products, which he believed to be analogous to 
the carboxylic acids, were classed by him as siliconie acids. 

In comparatively recent times, Khotinsky and Seregenkoff pre- 
pared “silicobenzoic acid,” “silicoxylylic acid,’ and “silico- 
naphthoic acids” by hydrolysing esters of the type SiR(OEt), 
with cold concentrated hydriodic acid (Ber., 1908, 41, 2946); and 
Melzer, at Ladenburg’s suggestion, prepared a number of aliphatic 
and aromatic “ siliconic acids” by hydrolysing trichlorides of the 
formula RSiCl; with cold water (Ber., 1908, 41, 3390). 

All these so-called siliconic acids were analysed, with results which 
in most cases agreed exceptionally well with those required by the 
respective formule; the percentages of carbon, hydrogen, and 
silicon were, in fact, usually given to two decimal places (or even 
to three decimal places in Melzer’s estimations of hydrogen). 
Further, except in the cases of those which were infusible, fairly 
definite melting points were given to nearly all these “ acids.” 

In view of these facts, a further study of the siliconic acids in 
order to ascertain whether or not such compounds really existed, 
might have been deemed superfluous; nevertheless, such an in- 
vestigation has been undertaken. 

The results obtained by one of us alone, and in conjunction with 
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Robison (T., 1912, 101, 2108, 2125, 2142; this vol., pp. 40, 484) 
have clearly shown that*compounds containing the group >Si(OH), 
are very prone to undergo condensation ; that instead of giving the 
corresponding oxides >SiO by the loss of the elements of water, 
such dihydroxy-derivatives give rise by progressive condensation 
to a series of open- and closed-chain products formed from two, 
three, four, and more molecules of the diol. 

Consequently, it seemed highly probable that trihydroxy-com- 
pounds, obtained by the hydrolysis of trichlorides, RSiCl,, or of 
esters, RSi(OEt),, would behave like the dihydroxy-derivatives, and 
give mixtures of condensation products the nature of which, as in 
the case of those obtained from the silicanediols, would vary with 
the conditions of hydrolysis and with the subsequent treatment of 
the product. 

The validity of these inferences has been tested by an examina- 
tion of the products of hydrolysis of phenylsilicon trichloride, and 
the results have shown that the so-called silicobenzoic acid is a 
mixture, doubtless a complex one, which varies in character ac- 
cording to the method of preparation. When, for example, pheny]l- 
silicon trichloride is hydrolysed with ice-cold water, it gives a 
glue-like product which is readily soluble in ether, but when the 
trichloride is hydrolysed with steam, it gives a hard, vitreous 
substance which is quite insoluble in ether and in all the common 
solvents. 

The hydrolysis of the trichloride with a dilute, ice-cold aqueous 
solution of ammonium hydroxide gives a glue-like product which 
dissolves freely in ether; if, however, hydrolysis is carried out at 
the ordinary temperature, all other conditions remaining un- 
changed, the product is a powder which is only partly soluble 
in ether. 

The hydrolysis of the trichloride with an aqueous solution of 
potassium hydroxide gives a solution of potassium salts; when this 
solution is treated with carbon dioxide in the cold, the precipitated 
acid is completely soluble in ether, whereas, if precipitation occurs 
at the ordinary temperature, the acid is only partly soluble. 

All the soluble preparations of silicobenzoic acid may be separated 
into physically different fractions which themselves have the pro- 
perties of mixtures; these fractions differ very widely in solubility, 
melting point, and other physical properties, so that it may be 
inferred that their components differ very considerably in molecular 
weight. 

The results of analyses agree with the view that all the fractions 
are mixtures of condensation products formed from phenyltri- 
hydroxysilicane by the loss of the elements of water. The more 


ORGANIC DERIVATIVES OF SILICON. PART XXII. 681 


readily soluble fractions have compositions differing very little from 
that of silicobenzoic acid, C,H;*SiO,H ; as the solubility diminishes, 
the composition of the fraction approaches more and more closely 
to that of the anhydride, (C,H;*SiO),O. 

Molecular-weight determinations in acetic acid solution give 
results which indicate that the average molecular weight of the 
most soluble components of the glue-like preparations corresponds 
with that of a condensation product formed from 4 or 5 molecules 
of phenyltrihydroxysilicane. The less soluble fractions of these 
preparations give higher results, which correspond approxi- 
mately with those required for compounds formed from 5 or 6 
molecules of the trihydroxy-derivative. It may be inferred, there- 
fore, that the very sparingly soluble and the insoluble fractions, 
which have approximately the . composition (PhSiO),O, contain 
much more complex substances. 

The question arises, what is the nature of the compounds con- 
tained in these various preparations? Here we enter a region of 
speculation, because the theoretically possible condensation pro- 
ducts of the trihydroxy-compound are innumerable; we may, there- 
fore, defer the consideration of this difficult problem until our 
experiments have been carried further. 

Although the facts recorded in this paper only relate to the 
so-called silicobenzoic acid, it seems highly probable that all the 
other preparations which have been described as siliconic acids are 
also complex condensation products of the trihydroxides RSi(OH)s. 


EXPERIMENTAL. 
Preparation of Phenylsilicon Trichloride. 


The method employed for the preparation of this compound was 
essentially the same as that described by Kipping in the case of 
diphenylsilicon dichloride (T., 1912, 101, 2113), except that only 
about 14 molecules of magnesium phenyl bromide were used to 
1 molecule of silicon tetrachloride. The crude trichloride, collected 
from about 110° to 120°/50 mm., was purified by repeated distilla- 
tion under diminished pressure; a long-necked flask, fitted with a 
rod-and-disk column, was employed in these operations, and ulti- 
mately a liquid boiling at 198—200° was collected. The yield of 
this liquid was about 50 grams from 120 grams of silicon tetra- 
chloride. 

The trichloride thus isolated probably contained traces of di- 
phenyl, an impurity the presence of which was of little importance, 
as it could be so easily eliminated in subsequent operations. As 
a matter of fact, traces of this compound were actually isolated 
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from the products of hydrolysis of some samples of the trichloride. 
Other possible impurities, which it was most important to get rid 
of at this stage, were silicon tetrachloride and more particularly 
diphenylsilicon dichloride. As, however, the boiling point of each 
of these compounds differs so very greatly from that of the tri- 
chloride, it can hardly be doubted that both these substances were 
completely removed by careful fractional distillation. It may also 
be added that the absence of silicon tetrachloride was easily proved 
by direct experiment, and that throughout the whole investigation 
of the products of hydrolysis of the trichloride no evidence of the 
presence of diphenylsilicanediol or of any of its condensation 
products was obtained. 


Decomposition of Phenylsilicon Trichloride with Water. 


Phenylsilicon trichloride is immediately decomposed by water 
with development of heat. In carrying out this hydrolysis the 
water was cooled in ice and vigorously stirred, whilst the oil was 
very slowly dropped in from a tap funnel. <A variable quantity 
of a pasty solid was usually precipitated, but the major portion of 
the product of hydrolysis remained in solution. The aqueous 
solution was extracted with ether, and the ethereal extract was 
well washed with water; most of the ether was then evaporated 
without previously drying the solution, as the use of calcium 
chloride or other dehydrating agent seemed to be inadvisable. 

The syrupy product was transferred to a beaker and placed in a 
desiccator, which was rapidly exhausted ; this treatment caused the 
production of a very voluminous, frothy mass, which after some 
time became brittle, and was then easily powdered. If this process 
was not adopted, and the whole of the ether was evaporated under 
the ordinary pressure, the product solidified only very slowly, even 
when subsequently kept in a vacuum, and ultimately became a 
gelatinous mass, which was very difficult to manipulate. 

Different samples of the colourless powders prepared in this way 
were dried until constant in weight under the ordinary pressure ; 
at first there was a rapid loss, but later on the preparations dried 
so slowly that, as a rule, they did not become constant in weight 
until after the expiration of about three weeks. The dried samples 
showed no sign of crystalline structure when examined under the 
microscope; they generally melted gradually from about 60° to 
about 100°. They were all easily and completely soluble in such 
solvents as ether, benzene, or chloroform, a fact which proved that 
they were free from silica; they were only moderately soluble in 
cold alcohol, and sparingly so in cold light petroleum. The air- 
dried substance was also insoluble in water; the fact that the 
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initial product of hydrolysis remains for the greater part in solution, 
seems to indicate the existence of an unstable trihydroxy-derivative, 
SiPh(OH);. From all solvents the substance was deposited in the 
form of a glue; it was, in fact, immediately converted into a sticky, 
gelatinous mass when it was brought into contact with most of the 
ordinary solvents. It dissolved easily in a 20 per cent. solution of 
potassium hydroxide, and it was also soluble, but not so readily, in 
a 20 per cent. solution of sodium hydroxide, but it seemed to be 
quite insoluble in a concentrated solution of ammonium hydroxide. 

A considerable quantity of the above-described preparation was 
dissolved in pure ether and fractionally precipitated with light 
petroleum, these operations being continued systematically until 
the original substance had been separated into 5 fractions, each of 
which had undergone at least 5 precipitations. All the fractions 
thus obtained were glue-like or vitreous masses; when dried until 
constant, they all melted over a range of more than 15°. The most 
readily soluble fraction which might have contained diphenyl was 
not examined ; the melting points of the other four (No. I is the 
most readily soluble fraction) were as follows: 

I. 65—80°; IL. 75—90°; III. 80—100°; IV. 100—130°. 

A portion of each of the above fractions was further separated 
into various sub-fractions with the aid of different solvents; these 
sub-fractions showed a graded behaviour, ranging from that of a 
glue-like mass, melting from 65° upwards, and readily soluble in 
ether, to that of an amorphous powder, which decomposed at a 
high temperature without melting, and was practically insoluble 
in glacial acetic acid. 

As it seemed impossible to obtain any crystalline substance, the 
four main fractions referred to above were kept in a vacuum until 
constant in weight, and then analysed : 


fii® 
I II. ci a EY. 
eee 52-7 52°6 52-7 52-8 52-8 per cent. 
Seer 4-4 4-4 4-7 — 4-4 o 
| _ ereener 20°9 20-9 20°8 20-9 21:0 9 


C,H;*Si0,H requires C=52°0; H=4°3; Si=20°5 per cent. 

(C,H;°Si0),0 , C=556; H=39; Si=21°95 _,, 

Although these results show that all the four fractions have 
approximately the composition C,H;*SiO,H, the whole of the ex- 
perimental evidence points to the conclusion that the product 
obtained by decomposing phenylsilicon trichloride with water is not 
phenylsiliconic acid, but a complex mixture of condensation pro- 
ducts of the trihydroxy-compound, PhSi(OH);. The main com- 
ponents of this mixture have probably the composition PhSiO,H, or 
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#PhSi(OH),—2H,O, and they are probably mixed with substances 
of the composition #PhSi(OH),—(*+y)H,0; the composition of 
any such mixture would lie between that of phenylsiliconic acid 
and its anhydride. 

Molecular-weight determinations’ with fractions II, III, and IV 
in acetic acid solution by the cryoscopic method gave: Fraction II, 
M.W. 630; fraction III, M.W. 717; fraction IV, M.W. 786. It 
seems reasonable to infer from these results that fraction II con- 
sists principally of condensation products formed from 3, 4, 5, and 
6 molecules of phenyltrihydroxysilicane, and having molecular 
weights of 415, 553, 692, and 830, approximately, respectively ; the 
more sparingly soluble components of fractions III and IV are 
probably condensation products of even greater complexity. 


Action of Heat on the Product of Hydrolysis. 


A sample of the product obtained by hydrolysing the trichloride 
with ice-cold water, but which had not been fractionally precipi- 
tated, was dried under diminished pressure until constant in 
weight, and then heated, first at 100°, and later on up to about 
200°. It first melted and then gradually changed into a hard, 
brown mass; at the end of about forty hours it had become con- 
stant in weight, and the loss then amounted to 6°3 per cent., the 
theoretical loss for the change 2PhSi0,H = (PhSi0O),0 + H,O being 
6°4 per cent. The product was almost insoluble in ether and 
benzene. 


Hydrolysis of the Trichloride with Ammonium Hydroxide Solution. 


The product obtained by slowly adding phenylsilicon trichloride 
to a well-stirred, dilute, ice-cold solution of ammonium hydroxide 
seems to be identical or nearly so in properties and composition 
with that formed when the trichloride is hydrolysed with ice-cold 
water. When, however, phenylsilicon trichloride is dropped into 
a dilute solution of ammonium hydroxide which is not kept cold, 
it is converted into a hard, white solid, very different in outward 
properties from the glue-like product already described. This 
preparation, having been dried in the air and washed with light 
petroleum, does not melt when it is heated, but gradually chars ; 
when it is treated with benzene or ether, about 25 per cent. passes 
into solution, and there remains a colourless powder which is 
practically insoluble in these solvents. The soluble matter is a 
glue-like substance which liquefies gradually from about 90—100°; 
the insoluble powder does not melt when it is heated, and a sample 
gave on analysis, Si=21°36, whilst (PhSiO),O requires Si=21°9 
per cent, 
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The products obtained by hydrolysing the trichloride with a 
solution of ammonium hydroxide are, therefore, mixtures, the 
nature of which varies with the conditions of the experiment; at 
low temperatures the preparations probably consist largely of those 
condensation products having the composition PhSiO,H, but at 
the ordinary temperature, higher condensation products having 
approximately the composition (PhSiO),O are formed. 


Precipitates of “ Phenylsiliconic Acid” obtained from Alkaline 
Solution. 


As already stated, the products obtained by hydrolysing phenyl- 
silicon trichloride with water are slowly dissolved by a 20 per cent. 
solution of potassium hydroxide. When such a solution is neu- 
tralised with very dilute hydrochloric or acetic acid, it does not 
give any immediate precipitate, but in the course of some hours a 
gelatinous separation takes place. If the freshly-acidified solution 
is extracted with ether, it yields a glue-like product, which, when 
dried, melts below 100°, and is readily soluble in ether or benzene ; 
the preparations thus obtained seem, in fact, to be very similar to 
those produced by decomposing the trichloride with ice-cold water. 

The addition of ammonium chloride to the alkaline solution 
immediately produces a flocculent precipitate, which has quite a 
different character from that of the glue-like preparation; it chars, 
but does not melt, when it is very strongly heated, and when 
treated with a considerable quantity of ether or benzene, only a 
small proportion of it passes into solution. 

When carbon dioxide is passed into the clear alkaline solution 
obtained by adding phenylsilicon trichloride to a well-stirred ice- 
cold 20 per cent. solution of potassium hydroxide, a colourless 
precipitate, rather granular than gelatinous, is produced. This 
precipitate is easily separated by filtration and, when washed and 
dried, is obtained in the form of a fine, colourless powder. The 
nature of such preparations, however, seemed to vary considerably 
with the temperature at which they had been precipitated; if at 
the ordinary temperature, they contained a considerable proportion 
of those substances which are practically insoluble in ether, 
whereas when precipitated from ice-cold solutions they were almost 
completely soluble in that liquid. Although the preparations 
obtained by precipitation with carbon dioxide were in such a 
convenient, powdery form, it was found to be impossible to free 
them completely from occluded potassium salts by washing them 
with water ; they were, therefore, dissolved in ether, and the filtered 
ethereal solutions were well washed. The products which remained 
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when the ether was evaporated soon became solid, and gave white 
powders when they were crushed. 

Since the “ phenylsiliconic acid’. obtained by precipitation with 
carbon dioxide in the cold differed very considerably in outward 
properties from that prepared by hydrolysing the trichloride with 
ice-cold water, it was carefully examined. When air-dried, it 
melted indefinitely from about 140° to 160°; it was readily soluble 
in benzene, chloroform, or ethyl acetate; not easily, but completely 
soluble in glacial acetic acid, and only partly so in alcohol. It 
dissolved, but only very slowly, in a concentrated aqueous solution 
of potassium hydroxide, much more rapidly in alcoholic potassium 
hydroxide. 

Analyses of two different preparations gave 21°6 and 21°4 per 
cent. of silicon respectively; these values are considerably higher 
than those of the preparations obtained by decomposing the tri- 
chloride with ice-cold water, and are not far removed from those 
required by a compound of the composition (PhSiO),O. A con- 
siderable quantity of the substance was dissolved in ether and 
fractionally precipitated with light petroleum. These operations 
were continued until six main fractions had been obtained, each 
of which had undergone some six to eight precipitations. All 
these fractions were colourless powders, which seemed devoid of 
crystalline structure; they differed considerably in melting point, 
and in their behaviour towards solvents. The most soluble frac- 
tion (I) melted from about 100° to 110°, the next (II) from about 
110° to 140°, and the next (III) from about 150° upwards ; fraction 
(IV) melted partly from about 210°, but fractions V and VI merely 
charred at high temperatures. The most readily soluble fraction 
dissolved readily in hot light petroleum and was also completely 
soluble in alcohol; the most sparingly soluble fraction was prac- 
tically insoluble in hot light petroleum, and only very partly 
soluble in alcohol; the intermediate fractions showed an inter- 
mediate behaviour. 

Silicon determinations were made with fractions II to V 
inclusive: II, Si=21°4; III, Si=21°56; IV, Si=21°84; V, Si= 
21°56 per cent. 

The “phenylsiliconic acid” obtained by precipitation with 
carbon dioxide in the above-described manner is, therefore, a 
complex mixture, and the analytical data agree with the view that 
the main components of this mixture are condensation products 
of phenyltrihydroxysilicane, having approximately the composition 
(PhSi0),0. 

The method just described is essentially the same as that used 
by Ladenburg for the preparation of his ‘“ phenylsiliconic acid ” 
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(Ber., 1873, 6, 379; Annalen, 1874, 173, 143). He precipitated 
the acid with carbon dioxide, dissolved the precipitate in, or ex- 
tracted it with, alcohol, and evaporated the alcoholic solution. The 
residue, after having been washed with water and dried in a vacuum, 
melted at 92°, and gave, on analysis, C=52°24; H=4°93 (PhSi0O,H 
requires C=52°0, H=4°35 per cent.). When dried at 100°, his 
acid gave a product which contained C=55°54; H=4°37 as the 
mean of two analyses, and Si= 21°29; from these results, Ladenburg 
concluded that this product was the anhydride (PhSiO),O, which 
requires C=55°6, H=3°9, Si=21°95 per cent. 

Although these data agree fairly well with the calculated per- 
centages in each case, it is obvious that they cannot now be accepted 
as evidence that Ladenburg’s preparations were homogeneous or 
as supporting his views as to the nature of his preparations. That 
his so-called phenylsiliconic acid and its anhydride were both com- 
plex mixtures, similar in character to those described above, there 
can be but little doubt, and it also seems highly probable that his 
tolylsiliconic acid and tolylsiliconic anhydride were also mixtures 
of an analogous nature. 


Final Condensation Product of Phenyltrihydroxysilicane. 


It was observed by Kipping and Hackford (T., 1911, 99, 138) 
that the product obtained by passing steam into phenylsilicon tri- 
chloride is quite different from that which results when the tri- 
chloride is decomposed with water, and consists of a hard, brittle 
solid, which is practically insoluble in all the common solvents, and 
has the composition of phenylsiliconic anhydride. The facts re- 
corded above seemed to show that this insoluble anhydride repre- 
sented the final condensation product, or mixture of condensation 
products, of phenyltrihydroxysilicane ; we therefore prepared some 
of this substance for further examination. 

The sample obtained by passing steam into the trichloride, 
purified as described above (p. 681), was repeatedly extracted with 
ether, which removed a very small proportion of a glue-like sub- 
stance. As small quantities of diphenyldichlorosilicane might 
possibly have been present in the purified trichloride, and as it was 
important to prove the absence of the former, the glue-like matter 
was carefully examined in order to see whether it contained any 
condensation product of diphenylsilicanediol. So far as could be 
ascertained, however, no such compound was present; the glue 
seemed to be identical with those preparations of “ phenylsiliconic 
acid” obtained by decomposing the trichloride with water, and no 
crystalline substance, except traces of diphenyl, could be obtained 
from it. 


MEADS AND KIPPING: 


Sodium Salt of Phenylsiliconie Acid. 


If all the above-described preparations are mixtures of condensa- 
tion products of phenyltrihydroxysilicane, it seemed probable that 
they would all be hydrolysed by sodium hydroxide, and that finally 
all the condensation products would give one and the same sodium 
salt, namely, sodium phenylsiliconate, PhSiO,Na, just as the con- 
densation products of diphenyl- and dibenzyl-silicanediol are finally 
converted into the sodium derivatives of the simple diols (Kipping 
and Robison, loc. cit.). 

As, however, the hydrolysis of the less soluble preparations of 
the acid might require the use of concentrated solutions of alkali 
hydroxide, it was first necessary to ascertain whether such solutions 
decomposed the silicon compounds into benzene and an alkali 
silicate. For this purpose, some of the acid was dissolved in a 
warm 20 per cent. solution of sodium hydroxide, and the solution 
was boiled during some hours under reflux ; at the end of this time 
not a trace of benzene was observed, and the solution had no odour 
of the hydrocarbon. When a very much more concentrated solution 
of potassium hydroxide was used, although a distinct odour of 
benzene could be observed, after the solution had been heated 
during some hours, there was no appearance of oily drops in the 
condenser. It may be concluded, therefore, that the decomposition 
of “phenylsiliconic acid” observed by Ladenburg (loc. cit.) only 
takes place to an appreciable extent at the high temperature which 
he employed. 

In order to isolate the sodium salt of phenylsiliconic acid, a 
sample of the product obtained by hydrolysing the trichloride with 
ice-cold water was dissolved in alcohol and treated with an alcoholic 
solution of sodium ethoxide (approximately 3 mols.); the mixture 
was then left to evaporate at the ordinary temperature in an 
exhausted desiccator containing potassium hydroxide. After some 
time the solution deposited colourless crystals of a sodium salt, 
which was only sparingly soluble in alcohol; this product (I) was 
rapidly separated by filtration, and washed with absolute alcohol. 
The alcoholic filtrate was further concentrated (in absence of mois- 
ture and carbon dioxide), and in this way a second crop of crystals 
(II) was obtained. 

These two samples were freed from alcohol under diminished 
pressure and analysed; for this purpose the aqueous solution of a 
weighed quantity of the salt was treated with excess of WV /10-sulph- 
uric acid, and the filtered solution was titrated with alkali. 

Fraction (I) gave Na=13°5 and fraction (II) gave Na=14°4; 
C,H,*SiO,Na requires Na=14°3 per cent. 


ORGANIC DERIVATIVES OF SILICON. PART XXIL 689 


These results seem to show that fraction (II) of the salt was 
practically pure sodium phenylsiliconate, which had been formed by 
the complete hydrolysis of the various condensation products con- 
tained in the “acid”; fraction (I), which doubtless consisted 
principally of this same compound, probably contained a small 
proportion of salts derived from some of the condensation products 
which had not been completely hydrolysed. The behaviour of the 
two fractions towards water accorded with this view; whereas 
fraction (I) was not completely soluble, and gave solutions which 
soon deposited a considerable precipitate, fraction (II) gave a clear 
solution, in which a precipitate was not formed until after the 
lapse of an hour or so. 


Sodium Salt from the Final Condensation Product. 


The insoluble solid formed by the action of steam on pheny]l- 
silicon trichloride (see above) was treated with an alcoholic solution 
of sodium ethoxide (approximately 2 mols.), and the mixture was 
left in a closed flask. At the end of some twelve hours, the in- 
soluble condensation product seemed to have been completely 
converted into a mass of crystalline sodium salt; this preparation 
(I), which formed about 70 per cent. of the theoretical quantity, 
was separated by filtration, washed with alcohol, and placed in an 
exhausted desiccator containing potassium hydroxide. The alcoholic 
filtrate, when kept at the ordinary temperature during some days, 
deposited a crop of colourless needles; this sample (II) was 
separated and washed. 

These two samples of sodium salt seemed to be very similar to 
the corresponding preparations just described ; the one (fraction IT) 
gave a clear solution with water, but the other (fraction 1) was not 
completely soluble. Sodium determinations gave the following 
results : 

Fraction I, Na=12°6. Fraction II, Na=13°9. 

C,H,;*SiU,Na requires Na=14'3 per cent. 


It appears, therefore, that even the insoluble mixture of the final 
condensation products of phenyltrihydroxysilicane is converted on 
hydrolysis into a salt which consists essentially of sodium phenyl- 
siliconate, but at present there is no evidence that the salt has the 
simple formula PhSiO,.Na. 

The study of phenylsiliconic acid and of its salts is being con- 
tinued, and several other siliconic acids are also being investigated 
in various directions ; it is hoped that the true siliconic acids having 
the simple molecular formula RSiO,H, and also some of the 
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condensation products of the trihydroxy-derivatives may soon be 


isolated. 
The so-called methylstannonic acid, CH,*SnO,H, is also being 


examined in these laboratories on much the same lines; evidence 
has already been obtained that the compound in question is a 
complex condensation product of CH,*Sn(OH). 


The authors desire to express their indebtedness to the Research 
Fund Committee of the Royal Society for a grant in aid of this 
work. 
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LXX.—The Rate of Transformation of Ammonium 
Cyanate in Absolute Alcohol. 


By Joun Davip McBeatu Ross (Vans Dunlop Scholar in 
Chemistry, University of Edinburgh). 


Ir has been shown by Walker and Hambly (T., 1895, 67, 746) that 
the transformation of ammonium cyanate into carbamide follows 
the course of a bimolecular reaction, and they considered the active 
substances to be ammonium ions and cyanate ions. Walker and 
Kay (T., 1897, 71, 489) have studied the transformation in 
aqueous-alcoholic soluticns. They found that ethyl alcohol pro- 
duced a marked accelerating effect on the speed of the trans- 
formation, which was supposed to be due to the increased rate at 
which the ions, produced by the dissociation of ammonium cyanate, 
react in alcohol. The greatest concentration of alcohol used in 
their experiments was 90 per cent. At Professor Walker’s sugges- 
tion, I undertook the investigation of this transformation in more 
concentrated alcoholic solutions. This appeared to be of special 
interest in view of recent discussion of the previous results by 
E. E. Walker (Proc. Roy. Soc., 1912, A, 87, 539) and by Chattaway 
(T., 1912, 101, 170). 

In dealing with alcoholic solutions of 95 per cent. and upwards, 
the formula, used by Walker and Kay to represent the course of 
the reaction, was subject to considerable simplification, since in 
such solutions the transformation was complete, no measurable 
quantity of cyanate being left. 

If a=the initial concentration of cyanate, «=the amount 
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transformed, p=the degree of dissociation of cyanate, then the 
velocity-equation becomes 


= = kp(a-2), 2. 2... (I) 
The investigation is further simplified by the fact that in solutions 
containing more than 90 per cent. of alcohol no ammonium 
carbonate is formed. 

It is to be noted that p does not remain constant, but varies 
continuously with z. This is specially true in concentrated 
alcoholic solutions. When, for purposes of calculation, the integral, 
obtained from equation (1) on the assumption that p is constant, 
is used, the total range has to be subdivided, and the average value 
of p throughout the interval considered must be taken. We thus 
deduce the equation 


l x 
kp? = —_. ee a. ee 
P ta a@-«x (2) 


EXPERIMENTAL. 


The method of preparing a solution of ammonium cyanate by 
shaking silver cyanate with ammonium chloride solution, used by 
previous workers, was not in this case available, owing to the 
sparing solubility of ammonium chloride in concentrated alcohol. 
For the purpose in hand, it was necessary to prepare pure dry 
ammonium cyanate. This was done by mixing cooled ethereal 
solutions of cyanic acid and ammonia (Walker and Wood, T., 1900, 
77, 21). The solid substance so prepared could easily be kept, 
without undergoing decomposition, in a vacuum desiccator until 
required for experiments. 

In the preparation of the alcohol used in the following experi- 
ments, the starting material was Kahlbaum’s “absolute”’ alcohol. 
It was first distilled twice from freshly prepared quicklime, 
obtained by heating marble in a muffle furnace. The alcohol so 
obtained was then heated, for at least one day, to about 70° over 
dry calcium turnings, which had previously been washed with ether, 
whilst it was protected from the air by calcium chloride tubes. It 
was then distilled, only the middle fraction of the distillate being 
used. During the distillations contact with moist air was avoided. 
Experiments were made in order to find out how much water this 
absolute alcohol would contain under the conditions at which the 
velocity experiments were carried out. The method adopted was 
that of measuring the conductivity of a decinormal solution of 
picric acid in alcohol (Goldschmidt, Zeitsch. Elektrochem., 1909, 
15, 6). It was found that the “absolute alcohol” throughout the 


VOL. CV. LZ 


692 ROSS: THE RATE OF TRANSFORMATION OF 


experiments did not contain more than 0°8 gram of water in 1 litre. 
The value of the specific gravity of the alcohol agreed with that 
of Wade and Merriman (T., 1912, 101, 2432) to within one part 
in eight thousand. This would correspond with a liquid contain- 
ing 0°5 gram of water per litre. 

Solutions containing varying amounts of alcohol were all pre- 
pared by diluting this absolute alcohol with water. The velocity 
of the transformation was measured at 32°. 

The requisite amount of ammonium cyanate to give a decinormal 
solution was weighed into a measured volume of alcohol contained 
in a stoppered flask, which had been placed in the thermostat. It 
was found that the cyanate, although finely powdered, did not 
dissolve at all readily in the more concentrated alcoholic solutions. 
When the cyanate had nearly all dissolved, the solution was 
decanted into another stoppered flask, which had already beer 
heated to the temperature of the thermostat. The first measure- 
ment was made about five minutes afterwards. At measured 
intervals samples of the solution were transferred, by means of a 
5 c.c. pipette, to a weighed flask containing a measured quantity 
of a V/50-solution of silver nitrate diluted with water in small and 
approximately constant excess of that required to precipitate the 
cyanate. The flask was then weighed again, cooled in running 
water, and the silver cyanate collected, the excess of silver nitrate 
being estimated by titration with a WV /50-solution of ammonium 
thiocyanate. The specific gravities of the solutions were also deter- 
mined. From these data the concentration of the cyanate in the 
solution could be calculated. 


Data for the Degree of Dissociation. 


In order to estimate the degree of dissociation of ammonium 
cyanate in solutions containing more than 90 per cent. of alcohol, 
measurements of the conductivity of such solutions were made at 
32°. Part of a solution of ammonium cyanate, prepared as before, 
was placed in a stoppered cell, and values of the conductivity were 
taken at definite times, a galvanometer and rotating commutator 
being used. At other definite times the amount of cyanate in the 
solution was estimated by titration as before. Since the course of 
the reaction in the various alcoholic solutions had already been 
determined, the amount of cyanate in the solution at the times 
corresponding with the electrical measurements could be found. 
The molecular conductivity of the solution with different concentra- 
tions of cyanate was then calculated. By using the value of the 
molecular conductivity at infinite dilution for potassium cyanate 
in water, and considering the effect of alcohol, at least as regards 
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infinite dilution, to be the same for potassium cyanate and for 
ammonium cyanate as for diethylammonium chloride (Walker and 
Hambly, T., 1897, 71, 61), the molecular conductivity at infinite 
dilution for ammonium cyanate was calculated in 95 per cent., 
99 per cent., and 100 per cent. alcoholic solutions. From these 
numbers the degree of dissociation of ammonium cyanate at various 
dilutions was obtained. The specific conductivity of the absolute 
alcohol used in the experiments was found to be about 5°8 x 10-6 
at 32°. 


Ninety per cent. Alcohol. 


In order to effect connexion with the results of Walker and Kay 
obtained by conductivity measurements, and not by direct titration, 
a set of velocity experiments in 90 per cent. alcohol was made. In 
this case the simplified formula cannot be applied. Instead of “a,” 
the initial concentration of cyanate, we must substitute ‘“W,” the 
total change in the concentration of cyanate, 1 per cent. of the 
cyanate remaining untransformed. The value of p used in the 
calculation is the mean between the initial and final values in each 


section considered. 


I. 
a=0°05088, p=0°516; a—x=0°04810, p=0°520. 
[eo 
t. BE. E—z. i Ea kp?. 
8 0-04988 0-04710 0-148 0-142 
II. 
a=0°04810, p=0°520; a—z=0°03646, p=0°540. 
i. #@ 
t. E. E—x. thE E-x kp?. 
40 0-04710 0:03546 0-174 0-167 
III. 
a=0°03646, p=0°540; a—x=0°03326, p=0°547. 
1 x 
+ E. E—zx. te * E-—x kp”. 
15 0:03546 0:03226 0-186 0-17 
IV. 
a=0°03326, p=0°547 ; a— x =0°02960, p=0°555. 
| v 
t. E. E-zx. tH’ E-a kp*. 
21 0-03226 0-02860 0-189 0-178 
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a=0°02960, p=0°555 ; a—x=0°02184, p=0°600. 
a ™ 
t. E. E—x. tH E—x kp. 
61 0-02860 0-02084 0-213 0-200 
Vi. 
a=0°02184, p=0°600 ; a— x=0°01867, p=0°630. 
aS 
t. E. E-x. tH E—x’ kp’. 
40 0:02084 0-01767 0-220 0-203 


Combining these results, we get the following table: 
a kp”. Dp. k 


0-05088 0-142 0-51 0-530 
0-04810 0-167 0-530 0-594 
0-03646 0-176 0-544 0-597 
0-03326 0-178 0-551 0-582 
0-02960 0-200 0-578 0-598 
0-02184 0-203 0-615 0-537 


Average = 0-573 
The mean value of & is in accordance with the average value 
0°575 obtained by Walker and Kay. 
Ninety-five per cent. Alcohol. 


In this and the following cases the simple formula can be 
applied, since the transformation is complete, so that 


l x 
== kp”. 
ta “a—2x os 
te a a—x. kp”. p. k 
18 0-06122 0-05036 0-196 0-480 0-84 
15 0-05036 0-04274 0-236 0-497 0-96 
50 0-04274 0-02828 0-239 0-529 0-86 
15 0-02828 0-02536 0-272 0-562 0-86 
15 0-02536 0-02272 0-306 0-578 0-92 


Average = 0-89 


The values of p in column five of this and similar tables do 
not correspond with the concentration a, but are mean values for 
the interval considered. 


Ninety-nine per cent. Alcohol. 


t. a. a—Zx. kp’. p- k. 
16 0-05072 0-04198 0-257 0-420 1-45 
9 0-04198 0-03830 0-254 0-438 1-33 
20 0-03830 0-03114 0-300 0-457 1-44 
15 0-03114 0-02714 0-316 0-480 1-37 
30 0-02714 0-02108 0-353 0-508 1-37 
31 0-02108 0-01642 0-435 0-548 1-44 


Average = 1-40 
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Absolute Alcohol. 


t. a. a—2. kp”. p. k. 
10 0-06476 0-05580 0-248 0-383 1-69 
15 0-05580 0-04628 0-246 0-402 1-53 
15 0-04628 0-03868 0-283 0-427 1-56 
15 0-03868 0-03286 0-305 0-446 1-54 
20 0-03286 0-02716 0-319 0-465 1-48 
25 0-02716 0-02152 0-386 0-495 1-60 
25 0-02152 0-01740 0-440 0-526 1-59 
Average = 1-57 


If, now, we calculate the value kp? for the last three alcoholic 
solutions when the concentration a=0°08, we obtain the values 
0°176, 0°187, and 0°200 respectively, and may now complete the 
table given by Walker and Kay, thus: 


TABLE I. 
Volume-percentage 
of alcohol. kp’. k. kp? x W. 
0 0-00434 0-00595 0-00434 
10 0-00550 0-00774 0-00499 
30 0-00918 0-0129 0-00666 
49 0-0184 0-0295 0-0101 
72 0-0428 0-093 0-0133 
90 0-131 0-575 0-0156 
95 0-176 0-89 0-0109 
99 0-187 1-40 0-0023 
100 0-200 1-57 0-00016 


We see from this table that there is a continual increase in the 
rate at which ammonium cyanate is ccnverted into carbamide as 
we pass from pure water to nearly pure alcohol. The increase is 
most marked when the solution contains more than 90 per cent. 
of alcohol. On the assumption that the action is between the ions, 
the alcohol must exercise a very great accelerating influence, which 
mere than counterbalances the effect due to the decrease in the 
number of ions present in the solution. By considering the action 
as due to the ions, perfectly definite results are cbtained, which 
are compatible with each other over the entire range from pure 
water to absolute alcohol. E. E. Walker (Proc. Roy. Soe., 1912, 
A, 87, 539) has suggested that, in order to obtain :umbers which 
shall properly represent the rate of the reaction, the values of 
kp? must be multiplied by W, the weight of water in 1 c.c. of the 
solution. E. E. Walker proceeds: ‘Whereas Walker and Kay 
were led to assume that the rate of change is increased 30 times 
in 90 per cent. alcohol, the values obtained by the method of 
reducing the results I have adopted indicate that the rate in such 
a solution is not more than about three times as great as when no 
alcohol is present.” A column giving the values of ky x IV has 
been added in table I. The rise of kp’ x IW is steady up to 90 per 
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cent. alcohol, but afferwards falls off slowly from 0°0156 at 90 per 
cent. to 0°0109 at 95 per cent., and rapidly to 0°0023 at 99 per cent. 
and 0°00016 in 99°94 per cent. by volume. Adopting E. E. 
Walker’s interpretation, these values indicate that the rate in solu- 
tions above 90 per cent. falls to values below that for pure water, 
and, necessarily from his mode of calculation, to zero in alcohol 
absolutely free from water. This interpretation is in direct contra- 
diction of the plain fact that the rate of transformation of 
ammonium cyanate not only increases with increasing concentra- 
tion of alcohol, but increases the more rapidly as the alcohol 
approaches absolute purity. In calculating the rate of the trans- 
formation by the method of Walker and Kay, the only assumptions 
made are that the reaction may be regarded as bimolecular, and the 
active substances ammonium ions and cyanate ions. The latter 
assumption has already been shown to be very probable, since on 
calculating k, the velocity-coefficient, on this assumption, it is found 
that an approximately constant number is obtained. 

It has been pointed out by Wegscheider, however (compare 
J. Walker, Brit. Assoc. Reports, 1911, 354), that, provided ionisa- 
tion takes place at a rate immeasurably greater than the trans- 
formation studied, it is impossible to ascertain from the reaction- 
velocity alone whether the ions or the non-ionised substance is 
primarily responsible for the transformation. It is of interest, 
therefore, to calculate the accelerating influence of alcohol if we 
refer the transformation to the non-ionised substance instead of to 
the ions. This may be done as follows: 

If «=the concentration of the ionised cyanate, and w=the con- 
centration of the non-ionised cyanate, then, if the non-ionised part 
acts abnormally, as is usual for a strong electrolyte, we have 
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i2 
u” 
n has, in accordance with van’t Hoff’s dilution law, a value about 


1°33. The general equation, representing the transformation of 
ammonium cyanate into carbamide, when referred to the ions is 


= = hit-K(B+2) ..... . (4) 
where B=the initial concentration of carbamide, and 2=the 
amount of carbamide formed. 

If the non-ionised cyanate be the active substance, the general 


velocity-equation is 


<= kyu "—-K(B+a). . . . . . (5), 
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where k, represents the velocity-constant of the direct transforma- 
tion. Combining equations (4) and (5), we get 
ku” = ki’, 
and using equation (3) we get 
k,=ck. 
By calculating the mean values of ¢ for the various solutions we 


may obtain values of k,. Values of c, and corresponding values 
of k,, are given in the following table. 


TABLE IT. 
Volume-percentage 

of alcohol. Cc. k. 
0 1-91 0-011 
10 1-71 0-013 
30 1-26 0-016 
49 0-82 0-024 
72 0-38 0-035 
90 0-098 0-056 
95 0-075 0-067 
99 0-052 0-073 
100 0-047 0-074 


A continuous increase in the value of /,, the velocity-constant 
when the action is referred to the non-ionised substance, is apparent 
as we proceed from aqueous solutions to those containing a large 
percentage of alcohol. .The change in the value of k, with in- 
creasing amounts of alcohol is not so great as in the case of the 
constant k. This is to be expected, as the supposed active sub- 
stance, the non-ionised cyanate, increases with the amount of 
alcohol in the solution. Alcohol therefore is found to produce an 
accelerating effect on the transformation of ammonium cyanate into 
carbamide, whether we consider the active substance to be ionised 
or non-ionised cyanate, although in the second case the effect is 
considerably smaller. 

To sum up, if the crude bimolecular constant kp* is considered, 
the velocity in “absolute” alcohol (99°94 per cent. by volume) is 
46 times that in water; if the action is referred to the ions of 
ammonium cyanate, it is 264 times; if the action is referred to the 
non-ionised cyanate it is 6°7 times. Even the greatest of these 
numbers is not unusual for complete change of solvent, since, for 
example, the formation of tetraethylammonium iodide from triethyl- 
amine and ethy] iodide proceeds 700 times as fast in benzyl alcohol 
as it does in hexane. 
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LXXI.—The Conversion of d-Glucosamine into 
d-Mannose. 


By James CoLquHoun Irvine and ALEXANDER Hynp (Carnegie 
Fellow). 


In previous publications from this laboratory (T., 1911, 99, 250; 
1912, 101, 1128) it has been pointed out that, as the elimination 
of the amino-group from gluccsamine by the action of nitrous acid 
invariably results in dehydration of the sugar molecule, it is neces- 
sary to substitute the hydroxyl groups of the latter before attempt- 
ing to expel the amino-group. So far, this idea has not been 
realised, as the conversion of d-glucosamine into d-glucose, previously 
described (loc. cit.), does not involve the agency of nitrous acid, 
but is dependent on the removal of a dimethylamino-group by the 
action of barium hydroxide. We have now succeeded, however, 
in transforming glucosamine into a hexose by a method conforming 
to the general scheme outlined by us, with the somewhat unexpected 
result that d-mannose was formed in almost quantitative amount. 

In view of our former results, we abandoned the attempt to 
methylate glucosamine, and, in the first instance, carried out ex- 
periments with the object of substituting the hydroxyl groups by 
isopropylidene or benzylidene residues. Although the configuration 
of glucosamine is favourable to condensation with acetone, the 
change is only possible in the presence of hydrogen chloride, and 
the sparing solubility of glucosamine hydrochloride prevented 
reaction with the ketone taking place. Similar solubility difficulties 
were experienced in attempts to condense methylglucosamine with 
acetone, or glucosamine with benzaldehyde. It was ultimately 
found possible, although not without the greatest difficulty, to intro- 
duce the benzylidene group into methylglucosamine, with the 
formation of benzylideneaminomethylgluccside hydrochloride, to 
which the following structure may, in the meantime, be assigned : 

-—_———-_()- 
CH,-CH-CH-CH(OH):C H-CH-OMe 
°° © NH,, HCl 


Vl 
CHPh 
As this reaction involves the formation of a new asymmetric 
system, two isomerides might be expected to result, but only one 
form of the compound was isolated. This is not surprising, in view 
of the extreme ease with which the benzylidene residue is removed 
in the presence of acids, as the more soluble modification would 
probably be formed in small amount, and would be spontaneously 
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hydrolysed in the mother liquors. The form isolated crystallised in 
long needles (m. p. 168—169°, [a],,—72°9°), and is the amino- 
analogue of the benzylidenemethylglucoside described by Alberda 
van Ekenstein (Rec. trav. chim., 1906, 25, 153). 

Contrary to expectation, when an aqueous solution of the above 
hydrochloride was treated with one molecular proportion of silver 
nitrite, not only was the amino-group removed, but the benzylidene 
residue and the glucosidic group were also eliminated. This result 
is nevertheless instructive from many points of view. The removal 
of the salt-forming molecule of hydrogen chloride would permit of 
the glucosamine derivative assuming the tautomeric form, so that 
the reaction would pass through the stage shown below: 


! ! 

CH,°CH-UH-CH(OH):-C H—CH 

0 O atmo + BOR: 

a 

CHPh 

The benzylidene group would then undergo hydrolysis, and the 
simultaneous action of the nitrous acid on the “betaine” ring would 
remove, not only nitrogen, but also the “ glucosidic’’ methyl group 
This is a striking proof that in compounds of this type the methyl 
group may become attached to the nitrogen atom, as very dilute 
nitrous acid can thus effect a glucosidic hydrolysis at 0° which can 
only be accomplished, with difficulty, by concentrated hydrochloric 
acid at 100°. 

In order to prevent the disruption of the benzylidene ring, the 
removal of the amino-group had obviously to be conducted in a 
neutral or slightly alkaline system. This condition was attained by 
adding excess (24 mols.) of sodium nitrite to an aqueous solution 
of benzylidenemethylglucosamine hydrechloride (1 mol.). Owing 
to the hydrolysis of the excess of sodium nitrite used, the solution 
remained continuously alkaline, and the benzylidene residue was 
thus unaffected. The amino-group was, however, attacked ; nitrogen 
was vigorously evolved, and, after a short time, the nitrogen-free 
product separated as a white solid. This product proved to be a 
derivative of a reducing sugar, and was shown by analysis to be a 
benzylidenehexose of the following type: 


c 


————$—— O ee 
CH,-CH-UH-CH(OH)-CH(0H)-CH-OH 
O O 

Pl 
CHPh 


Incidentally, it may be remarked that the abcve compound repre- 
sents an entirely new type of sugar derivative, as, naturally enough, 
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direct condensation of a sugar with benzaldehyde invariably 
involves the reducing group, and the product thus displays the 
reactions of a glucoside. 

The removal of the benzylidene residue by acid hydrolysis pre- 
sented no difficulties, and the progress of the reaction was followed 
by continuous polarimetric readings, in the confident expectation 
that the final value for [a],, when calculated on the concentration 
of the hexose formed, would be approximately +52°. The rotation 
rapidly altered from levo to dextro, and remained constant at 
[a], +12°4°, thus indicating that the product was d-mannose, for 
which the equilibrium value of the specific rotation is +14°. This 
idea was confirmed, as, although the sugar was only obtained as a 
syrup, it was fully identified by conversion into such characteristic 
crystalline derivatives as methylmannoside and mannoseanilide, 
which were analysed and examined. The physical constants of the 
products were in good agreement with the results previously estab- 
lished for these compounds, as shown in the following table: 


Melting point. Specific rotation. 
Mannoseanilide ...........++.+. 181° —178-5° —> sia } in 
Hexoseanilide isolated ....... 179 — 168-0° —>81-4 / pyridine 
Methyl-d-mannoside ......... 190—191 ot so4 } ‘ pm 
Methylhexoside isolated ..., 190 44 fr 


The conversion of d-glucosamine into d-mannose can thus be 
accomplished through the series of reactions shown in the following 
scheme, the nomenclature of the intermediate compounds express- 
ing their relationship to the parent substance: 

d-Glucosamine —> bromotriacetylglucosamine hydrobromide —> 
triacetylmethylglucosamine hydrobromide —> methylglucosamine 
hydrochloride —> benzylidenemethylglucosamine hydrochloride —> 
benzylidenemannose —> d-mannose. 


Discussion of Results. 


As glucosamine has now been converted into d-glucose and also 
into d-mannose, it is necessary to scrutinise the experimental details 
of the two series of reactions, as in one of the transformations an 
optical inversion must take place. It was pointed out in our 
previous communication on this subject that in the formation of 
glucose from glucosamine the critical reaction in which inversion 
may take place is the replacement of a dimethylamino-group by the 
action of barium hydroxide. This particular type of reaction is in 
many respects a simple one, as there is no apparent possibility of 
additive compounds being formed, and the methylhexoside produced 
is unaffected by the concentration of the alkali used in the experi- 
ment. Further, in the event of methylmannoside as well as methyl- 
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glucoside being formed during the replacement of the alkylamino- 
group, the former would participate equally with the latter in all 
the subsequent reactions, and would ultimately be isolated in the 
form of tetramethyl methylmannoside. The alkylated mannoside, 
being more volatile than tetramethyl methylglucoside, could not well 
escape detection, but the specific rotations of the methylated 
hexoside actually obtained, and of the methylated sugar produced 
from it, clearly show that this compound was absent. Consequently, 
if any inversion took place in the series of reactions now under 


* discussion, it must have been complete, and was not of the nature 


of a partial racemisation. 

Turning now to the formation of mannose from glucosamine, the 
first step to be considered is the condensation of methylglucosamine 
hydrochloride with benzaldehyde. As this reaction is carried out 
on the salt of a glucoside, the condensation with the aldehyde must 
be restricted to two out of three hydroxyl groups, and, on stereo- 
chemical grounds, the formula given in the introduction is the only 
probable one. In any case, the condensation does not directly 
involve the asymmetric system containing the amino-group, and 
inversion is impossible at this stage. This idea is confirmed by the 
fact that the benzylidene compound can be readily and quantita- 
tively hydrolysed to regenerate methylglucosamine. 

The action of sodium nitrite on the salt of the benzylidene deriv- 
ative is, however, one during which optical inversion is likely to 
occur. The change is undoubtedly complex, as shown by the 
removal of the glucosidic group during the liberation of the 
nitrogen, and thus two asymmetric systems (those attached to the 
carbon atoms numbered 1 and 2) are directly involved: 


(6 5 | (2) ay | 
CH,-CH-CH-CH(OH)‘CH-—CH + 110:NO —> 
0 0 © NH,M--O 
if 
CHPh 
| ~O | 
CH,-CH-CH*CH(OH)-CH-CH + N, + MeOH 
Oo 0 OH OH 


P A ° 
CHPh 
Moreover, the extremely labile reducing group is exposed during 
the change, a condition which is absent in the conversion of 
dimethylaminomethylglucoside into methylglucoside. 

It is probably impossible to determine which of the two methods 
of transforming glucosamine into a hexose is the more trustworthy 
from the structural point of view. In the formation of glucose, 
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the critical reaction is simple, and is confined to a group attached 
to one asymmetric carbon atom only, whilst, in the case of the 
conversion into mannose, the fundamental reaction is complex and 
unusual, and directly affects two asymmetric systems. Moreover, 
when the terminal positicns of the sugar chain contain the linking 
-C-C20, 
OH 
changes resembling inversions have been encountered, but no 
examples of such changes are known when the above group is re- 
placed by 
tt 
—C-CH-OMe. 
OH 


In the meantime, the conclusion may be drawn that the simpler 
of the two conversions is the less likely to be accompanied by 
inversion, and the bulk of the evidence is still in support of the 
view that glucosamine is aminogluccse. There remains, however, 
the possibility that, as the decomposition of benzylidenemethy]l- 
glucosamine is carried out in an alkaline system, and involves the 
formation of a reducing group, the production of mannose may be 
due to the well-known action of alkali in effecting the inter- 
conversion of glucose, manncse, and fructose. This idea may be 
rejected in view of the yield of mannose obtained and of the fact 
that both sodium nitrite and nitrous acid, under conditions similar 
to those employed in the production of benzylidenemannose, were 
without appreciable action on these three sugars. 


Optical effect of treatment with 
one molecular proportion of nitrous acid. 


Compound. Initial |o}?”. [a}*" after 36 hours. 
RNID knceccsssinsesccccceces + 51-129 —-> 51-12 
G-Fruct0se ...........ceeeeeeees — 79-40 78-80 
d-Mannose ...........seeeeeeeee + 15-01 14-17 
a-Methylglucoside .......... + 159-00 156-00 


Optical effect of treatment with 
one molecular proportion of sodium nitrite. 


IID 5. lad sinsnbaiogigsiobeniaii + 504° —-—>  61-0° 
GB IIOED cncncccccsscscccccces — 89-3 88-8 
G-BEARMOSS ..cccccccccccccccssce +° 14-8 14:3 
a-Methylglucoside .......... +. 158-0 157-9 


In view of the above results, there can be no doubt that the pro- 
duction of mannose in the reaction now under discussion is not due 
to the formation and rearrangement of an enolic sugar. 

Viewed as a whole, the results contained in our two communica- 
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tions on this subject lead, as already stated, to the conclusion that 
glucosamine is derived from glucose, but mention should be made 
of the fact that this deduction is profoundly affected by the 
formula for a-glucose recently proposed by Béeseken (Ber., 1913, 
46, 2612). Obviously the tendency of methylglucosamine to form 
a betaine-like structure affords a clue to the configuration, and 
indicates that the aminc- and methoxy-groups are in spatial 
proximity, and must both be situated either above or below the 
plane of the y-oxydic ring. Now, from its mode of preparation, 
methylglucosamine should be a f-glucoside, a conclusion which is 
supported by the levo-rotation of the compound. In such a case, 
the application of Béeseken’s configuration for B-glucose derivatives 
gives the following structure for methylglucosamine: 


H OR Ht f= 
HO-CH,-CH(OH): or ‘C— Cn 
O 

The positions here assigned to the amino- and glucosidic groups are 
unfavourable to ring-formation, but, on the other hand, the cyclic 
structure could be easily formed from the mannose configuration. 
This argument certainly lends strong support to the idea that the 
change glucosamine—> mannose does not involve inversion, par- 
ticularly as Béeseken’s formula for the a- and f-glucoses agrees 
with that previously suggested by Irvine and Scott (Report Brit. 
Assoc., 1912, 444). There remains, however, the possibility that 
in the case of glucosamine the formation of a glucoside through the 
agency of acetyl bromide may give rise to an a-derivative in view 
of the attraction exercised between the reducing group and the 
amino-group. It is, however, premature to consider this objection 
to the glucose configuration for glucosamine until further informa- 
tion as to the structure of fhe a- and 8-mannoses is available. 

As a side-issue of this investigation, our results have an important 
bearing on the mechanism of chitose-formation. It will be seen 
that the production of chitose is entirely prevented when the 
hydroxyl groups attached to the carbon atoms numbered (5) and 
(6) are substituted. Two alternative formule thus remain for 
chitose, one of which must be excluded, as the compound may be 
oxidised to a dibasic acid. The remaining possibility may be 
expressed in the following manner: 

O 
HO-CH, i a CH: cH(OH) vom OH: OH. 
nee 
As the above formula indicates the existence of two ring structures 
in the molecule, the configuration may be referred to either of two 
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planes, and it has been shown by one of us (A. H.) that chitose 
may be regarded as an anhydride of d-glucose, and this result will 
form the subject of a later communication. 

We are continuing our work on the constitution and transforma- 
tions of glucosamine, and are also engaged in extending the 
synthetical applications of bromotriacetylglucosamine hydro- 
bromide to the preparation of amino-acyl derivatives of the amino- 


sugar. 


EXPERIMENTAL. 
Preparation of Benzylidenemethylglucosamine Hydrochloride. 


The condensation of methylglucosamine with benzaldehyde only 
proceeds in the presence of hydrogen chloride, and as the product 
is excessively easily hydrolysed by acids, 
the conditions governing its preparation 
were only ascertained after a large 
number of preliminary experiments had 
been made. In conducting the reaction, 
the materials used must be pure, 
moisture must be rigidly excluded, and 
all the manipulations conducted at the 
lowest possible temperature until the 
benzylidene compound is free from even 
minute traces of acid. It was also found 
necessary to work with small quantities 
of material, and to employ the special 
apparatus illustrated in the diagram 
(scale=1/5th natural size). 

The reaction was carried out in the 
tube A, which was fitted with a stirring 
arrangement, working in the mercury 
seal D. The hollow, rotating stirrer 
BG is connected with the cup F, contain- 
ing mercury, and, by means of the fixed 
hood H, a current of pure, dry hydrogen 
chloride may be forced down the central 
tube, and thus distributed uniformly 
throughout the liquid in A. When in 
use, the parts of the apparatus indexed 
as A, D, and # are rigidly fixed, while 
BG and F are rapidly rotated by means 
of a cord connecting / to a motor. The excess of hydrogen chloride 
escapes by the tube C, which must be at least 46 cm. long, and 
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should be furnished with a guard tube containing pumice soaked 
in sulphuric acid. 

The following account of a typical preparation may be given: 
One gram of methylglucosamine hydrochloride (1 mol.) and 6 c.c. 
of benzaldehyde (12 mols.) were introduced into A and saturated 
with dry hydrogen chloride, the temperature being kept below 10°. 
The mixture gradually darkened in colour, first becoming red and 
afterwards brown, and in about sixty minutes the glucoside salt had 
practically all dissolved. The passage of the gas was continued for 
an additional forty minutes, the mixture meanwhile assuming a 
pasty consistency, after which the tube was detached and placed in 
a slightly exhausted desiccator containing phosphoric oxide and 
soda-lime. In this way, by gradually increasing the vacuum, the 
bulk of the hydrogen chloride was removed in about two hours, and 
the product was then precipitated by the addition of pure, dry 
ether. After filtration, the compound was washed successively 
with ether and light petroleum, and preserved in a high vacuum 
over phosphoric oxide and soda-lime. Purification was effected by 
solution in the minimum amount of cold methyl alcohol, after which 
the liquid was filtered and mixed with an equal volume of dry 
ether ; on cooling the solution, the pure product separated in well- 
defined, long needles. Additional crops were obtained by diluting 
the mother liquor with ether, but this material was liable to be 
contaminated with traces of methylglucosamine hydrochloride. In 
the experiment described, the yield of pure product amounted to 
0°93 gram; but this result can only be obtained by a practised 
worker, as failure to observe any of the precautions given above 
affects the reaction so seriously that only traces of the product may 
be isolated. 

By means of experiments carried out with 1-gram lots, more than 
20 grams of the compound were prepared by this tedious process. 

Benzylidenemethylglucosamine hydrochloride  crystallises in 
needles, which decompose sharply at 205°. The compound dissolves 
readily in benzaldehyde, water, and alcohol, but is insoluble in ether 
and hydrocarbon solvents. 

Found, C=52°83; H=6°23; Cl=11°18. 

C,,H,,0;N,HCl requires C=52°89; H=6°35; Cl=11°17 per cent. 

Solvent.—Methyl alcohol, c=1°580, [a]? —54°43°. 


The outstanding property of the compound is the extreme ease 
with which it is hydrolysed. This is shown by the fact that 
aqueous solutions, even when preserved in the cold, rapidly acquire 
the odour of benzaldehyde. Evidence was obtained that a soluble 
isomeric form of the compound exists, as the ether washings were 
found to contain an active product, which gradually deposited 
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methylglucosamine hydrochloride, owing to the hydrolytic effect of 
the traces of hydrogen chloride present. 


Benzylidenemethylglucosamine. 


The free base corresponding with the salt was formed on the 
addition of the calculated amount of sodium methoxide to a solu- 
tion of benzylidenemethylglucosamine hydrochloride dissolved in 
methyl alcohol. The solution became turbid owing to the separa- 
tion of sodium chloride, and, on filtration, the base crystallised 
readily in long needles. After recrystallisation from methyl] alcohol 
or from hot water, the product melted sharply at 168°. 

Found, C=59°69; H=6°83. 

C,,H,,0;N requires C=59°74; H=6°81 per cent. 

Benzylidenemethylglucosamine is insoluble in cold water, but 
dissolves readily in hot water, the lower alcohols, and acetone, 
giving strongly alkaline solutions. On gentle warming with dilute 
acid, the compound is decomposed to give benzaldehyde and a salt 
of methylglucosamine. The base is levorotatory, a 1 per cent. 
solution in methyl alcohol giving [a]? — 72°93°. 


Methylation of Benzylidenemethylglucosamine. 


This reaction has no direct bearing on the present investigation, 
but was carried out as we are now accumulating evidence as to the 
properties of methylated glucosamine derivatives. Benzylidene- 
methylglucosamine is not affected on heating to 80° for six hours 
with excess of methyl sulphate and sodium hydroxide, but the 
amino-group undergoes methylation by the silver oxide reaction. 
The pure base (1 mol.) was dissolved in excess of methyl iodide 
containing a little acetone, and the solution heated at 40° until the 
methiodide was formed. Thereafter the alkylation was conducted 
as usual, by the addition of the requisite amount of silver oxide, 
and was continued for six hours. Practically nothing was dis- 
solved on extracting the pasty product with ether, but an extraction 
with acetone yielded a yellow, low-melting solid. This, when 
purified by solution in acetone, filtration, and precipitation with 
ether, melted at 40°, and proved to be the silver iodide compound 
of benzylidenedimethylaminomethylglucoside. 

Found, AgI =43°52. 

C,,H,,30;N,AgI requires Agl=43°20 per cent. 

The above compound was only isolated in small amount, but on 
extracting the silver iodide formed in the alkylation with boiling 
water and hot methyl alcohol, a second product was obtained on 
removal of the solvents under diminished pressure. The syrup 
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then remaining quickly solidified, and was purified by dissolving 
in a mixture of ethyl acetate (7 parts) and methyl alcohol (1 part). 
On concentration of the solution, the product was obtained in 
prisms, melting at 162°. The compound was practically neutral in 
reaction, possessed the properties of a methiodide, behaved as a 
glucoside towards Fehling’s solution, and liberated benzaldehyde 
when warmed with acids. 

Found, C=45°13; H=5°91; I=27°87. 

Ci,.H.30;N,MelI requires C=45°22; H=5°81; I[=28-11 per cent. 

Solvent.—Methyl alcohol, c=1°049, [a]? —33-38°. 

It is significant that the pure methiodide is readily soluble in 
organic solvents, including acetone, yet escaped extraction with the 
latter solvent until after treatment of the silver residues with 
boiling water. From this it would appear that it must have been 
originally present as a silver iodide complex. When decomposed 
with hydriodic acid, only two methyl groups were removed. 

Found, Me=6°74. 

C,¢H.30;N,Mel requires Me=6°66 per cent. 

The two groups eliminated would be the glucosidic group and 
that in the additive molecule of methyl iodide, and the only suit- 
able formula for the methiodide which will account for these results 
is as shown below: 


ewer as.. < | 
CH,-CH-CH-CH(OH):C H-CH‘0Me 
O NMe,1 


FA 

CHPh 
The reactions of this compound have an important bearing on the 
constitution of glucosamine glucosides. 


Elimination of the Amino-group from Benzylidenemethyl- 
glucosamine. 


(1) Action of Silver Nitrite—As stated in the introduction, this 
reaction proved to be extremely complex. A 12 per cent. aqueous 
solution of benzylidenemethylglucosamine hydrochloride (1 mol.) 
was vigorously shaken with silver nitrite (14 mols.). The evolution 
of nitrogen was surprisingly slow, but gradually accelerated, 
although bubbles of gas continued to be evolved for more than 
twenty-four hours. From the commencement of the experiment, 
the odour of benzaldehyde was distinctly apparent. The product 
ultimately isolated retained a small proportion of combined 
nitrogen, but possessed strong reducing properties, and the benzyl- 
idene group had been completely removed. The general properties 
VOL. CV. 3A 
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of the syrup resembled those of chitose, and although several 
modifications of the reaction were introduced, the same product 
invariably resulted. 

(2) Action of Sodium Nitrite-—Benzylidenemethylglucosamine 
hydrochloride (1 mol.) was dissolved in the minimum amount of 
cold water, and a solution of sodium nitrite (24 mols.) added. The 
excess of sodium nitrite used served to keep the solution always 
alkaline, and thus the hydrolysis of the benzylidene residue was pre- 
vented. On mixing, a precipitate separated, which probably con- 
sisted of the free base, but this gradually passed into solution. For 
a few minutes no gas was evolved, but the liberation of the nitrogen 
soon became vigorous, and was accompanied by considerable froth- 
ing of the solution. Simultaneously, an amorphous, white solid 
separated. The reaction was complete in about two hours, and 
offers a sharp contrast to the decomposition of glucosamine by 
nitrous acid, which proceeds only slowly. The solid product re- 
ferred to above was collected, washed with hot water, and dried at 
100°. No crystallising medium for the compound could be 
found, but, when isolated as described, it is quite pure, and no 
further treatment is necessary. 

Found, C=58'09; H=6°09. 

C,3H,,0, requires C=58'18; H=6°01 per cent. 

The compound has thus the composition of a benzylidenehexose, 

and was afterwards shown to be a derivative of mannose. 


Benzylidenemannose. 


Benzylidenemannose is an amorphous, white solid which melts 
at 144—145°. It is insoluble in cold water, and although soluble 
on heating, does not separate readily from the solution; in alcohol 
it dissolves freely, but is only sparingly soluble in acetone. Towards 
Fehling’s solution the compound behaves like a reducing sugar, and 
on heating with dilute acids, benzaldehyde is eliminated. When 
heated with phenylhydrazine and acetic acid, glucosephenylosazone 
was produced in good yield. The compound, which is the first 
representative of reducing benzylidene derivatives in the sugar 
group, is levorotatory. 

Solvent.—Acetone, c=1°3150, |a] — 22°43°. 

The yield of benzylidenemannose obtained is an important point. 
It may be stated that the benzylidenemethylglucosamine salt was 
decomposed, in each experiment, in quantities of 1 gram, and, on 
an average, the benzylidenemannose formed weighed 0°80 gram, 
which is approximately 90 per cent. of the theoretical amount. 
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Hydrolysis of Benzylidenemannose. 


This reaction was followed polarimetrically, so as to avoid undue 
heating with the hydrochloric acid. 1°45 Grams of benzylidene- 
mannose were dissolved in 100 c.c. of 50 per cent. ethyl alcohol con- 
taining 0°5 per cent. of hydrogen chloride. The odour of benz- 
aldehyde was immediately noticeable, and the initial reading was 
dextrorotatory, thus indicating that the hydrolysis proceeded in the 
cold. The solution was maintained at 60°, and in sixteen -hours 
the maximum reading (+0°34° for /=2) was obtained. This re- 
mained constant on continuing the hydrolysis for twenty-four hours. 
Calculation of the specific rotation for the concentration of the 
hexose formed gives [a], + 12°32°, a value which is not far removed 
from the permanent specific rotation of mannose ([a], +14°25°). 

The sugar in solution was isolated by diluting with 50 c.c. of 
water, and evaporation at 30°/15 mm. until one-third of the total 
volume had passed over ; the resulting aqueous solution was shaken 
with ether to remove benzaldehyde, treated successively with silver 
carbonate and animal charcoal, and evaporated at 40° under 
diminished pressure. The residue was then extracted with methyl 
alcohol, filtered from traces of silver, and again evaporated to a 
syrup. In order to identify the reducing sugar thus obtained, it 
was converted into mannoseanilide and methylmannoside, these 
derivatives being selected in preference to the hydrazone, in view 
of the accuracy with which their specific rotations may be deter- 
mined. 


Isolation of Mannoseanilide. 


A portion of the syrup, obtained as above, was condensed with 
aniline according to the method already described (Irvine and 
MeNicoll, T., 1910, 97, 1449). The product was a dark brown 
syrup, which was freed from aniline by boiling with ether, after 
which the semi-solid residue was dissolved in pyridine, the solution 
filtered, and allowed to evaporate spontaneously. A crystalline 
residue remained, which was extracted with boiling water, filtered 
from tarry impurities, and the solution concentrated. On cooling, 
a crop of prisms separated, which, when crystallised from pyridine, 
decomposed sharply at 178°. The yield of pure material was 60 per 
cent. of the theoretical amount. 

Found, C=56°38; H=6°76. 

C,,H,,O;N requires C=56°45; H=6°72 per cent. 

Mutarotation in pyridine, [a] —167°8°—> —81°34° 

These results are in good agreement with those previously obtained 
with mannoseanilide. 
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Isolation of Methylmannoside. 


A portion of the mannose syrup was converted into methyl- 
manunoside by Fischer’s method (Ber., 1896, 29, 2927). No difficulty 
was experienced in obtaining the product crystalline or in removing 
colouring matters. After three crystallisations from methyl alcohol, 
pure methylmannoside, melting at 190°, was obtained in excellent 
yield. 

Found, C=43°11; H=7°33. 

C,H,,0, requires C=43°28; H=7°27 per cent. 

The specific rotation in aqueous solution was + 82°38°, so that all 
the constants determined agree exactly for those previously estab- 
lished for methylmannoside. So far as could be ascertained, no 
methylglucoside was present, although all mother liquors accumu- 
lated in the preparation were examined for this compound. 
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LXXI1.—The Electro-deposition of Zine at High 


Current Densities, 
By Joun Norman Prine and Uriyn Cuiirron Tatinvron. 


Tue separation of zinc from aqueous solutions by electrolysis in- 
volves many imperfectly understood reactions. It is well known 
that in the presence of dilute acid, the zinc is, under certain con- 
ditions, deposited in preference to the much more electropositive 
ion hydrogen. This possibility is mainly controlled by the opera- 
tion of over-voltage. It has recently been found, moreover, that 
this metal can be separated in impure solutions in preference to 
certain other more electropositive metals. This anomaly has been 
attributed to “retardation ” effects in the change from the ionic 
to the free condition. 

The electro-deposition of zinc is now receiving a large industrial 
application for the purpose of coating articles of iron and steel 
as a protective against corrosion. The deposits thus obtained 
offer greater resistance to corrosion and possess a better adherence 
than those given by the older method of immersing in a bath of 
the molten metal (compare Burgess, Hlectrochem. and Metall. Ind., 
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1905, 3, 17). However, unless a very careful regulation of the 
conditions of the electrolysis, such as the nature of the electrolyte 
and current density, is made, the metal tends to be deposited either 
in a spongy or dark grey, loose form, or else in a hard coherent, 
but very rough condition. 

The formation of spongy or porous zinc has been attributed by 
Mylius and Fromm (Zeitsch. anorg. Chem., 1895, 9, 158) to the 
formation of oxide, an action which is increased by the presence 
of oxidising agents, and diminished by reducing agents, or in acid 
solution. 

Siemens and Halske (Dingl. polyt. J., 1893, 288, 258) con- 
sider that the spongy form of metal is caused by the formation 
of a hydride of zinc, and is hindered by the presence of oxidising 
agents or chlorine which oxidise the hydrogen. 

The question of the amount of free acid in the solution has 
received a considerable amount of attention. It has been found 
that whilst the maintenance of a slight degree of acidity is usually 
beneficial in the prevention of spongy deposits, the presence of any 
considerable quantity of acid, except in the total absence of every 
other metal, and also carbon, causes a large fall in the efficiency, 
and leads to the production of a rough deposit. This effect appears 
to be connected with the adherence of the bubbles of hydrogen 
to the zinc. 

Burgess (Joc. cit.) found that the best deposits are obtained 
with a current-density of 1°6 amperes per sq. dem., and with 
solutions as nearly neutral as possible. The addition of free acid 
was found to reduce materially the current-efficiency and the 
quality of the zinc. A similar recommendation is made by Mylius 
and Fromm (loc. cit.), who take an electrolyte of concentrated zinc 
sulphate and 0°016 per cent. of sulphuric acid, and apply a current- 
density of 1 ampere per sq. dem. Conditions similar to these are 
also employed by Cowper-Coles (“Elektrolytische Verzinkung,” 
1905, Knapp. Halle.). 

Kiliani (Berg. und Hiittenmann, Zig., 1883, 251) found that 
at very high current-densities, namely, between 18 and 100 amperes 
per sq. dem., zinc could be deposited from the neutral sulphate 
solution without any appreciable evolution of hydrogen, and in a 
hard, bright condition. On account of the resistance of this solu- 
tion, these current-densities could, of course, only be obtained by 
the application of high voltages. 

Scope of Hxperiments.—In the present work a systematic in- 
vestigation has been made of the different factors which regulate 
and influence the deposition of zinc by electrolysis. 

As mentiored above, it has been invariably found by earlier 
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workers that the presence of any considerable quantity of free acid 
acts detrimentally on the electrolytic separation of zinc. However, 
in the present work, it has been shown that when the amount of 
acid increases beyond a certain limit, the current-efficiency in the 
deposition of zine begins to rise again, and finally approaches 100 
per cent., if suitably high current-densities are used. By the in- 
troduction of very small quantities of colloidal matter, it was found 
that the metal was obtained in a smooth adherent form, and in 
certain cases with a particularly bright surface. It appeared, 
moreover, under these conditions, that considerable quantities of 
some impurities had no deleterious effect on the progress of the 
electrolysis, and with some elements had very little influence on 
the purity of the zinc deposited. 

The metal obtained has been examined micrographically, and an 
attempt made to elucidate.the part played by the colloid, and an 
explanation sought of other factors which affect the progress of 
the electrolysis. 


Efficiency of Zine Deposition in Different Solutions. 


The electrolyte, amounting to 750 c.c. (or, in some cases, 
2500 c.c.), was contained in glass rectangular jar. Insoluble anodes 
were used, usually of lead, but in some cases of platinum. The 
lead became coated with peroxide, and was only slowly disin- 
tegrated. The cathodes usually consisted of rectangular pieces of 
sheet. iron, with an area immersed of 50 sq. cm. on both sides. 
The edges of the plates were suitably insulated in order to prevent 
undue concentration of the current at these places, which always 
led to a “treeing ” out of the metal. The electrolysis was usually 
continued over a measured interval of from one to five hours. 
After one hour, with a current-density of 50 amperes per sq. dcem., 
a deposit of an average thickness of 0°7 mm. would thus result. 
In most cases, after proceeding for one hour, the deposited zinc 
began to show a rough or nodular surface, although, if the solu- 
tion was replenished with zinc from time to time, the electrolysis 
could usually be continued for about five to eight hours before 
any serious detaching of the metal or loss in efficiency occurred. 


Solutions of Zinc Sulphate and Sulphuric Acid, without any 
Addition of Colloid. 


It was found that a saturated solution of recrystallised zinc 
sulphate in the presence of sulphuric acid (about 10 grams per 
100 c.c.) gave coherent deposits of zinc with a current-efficiency of 


Satin Lin ty Loetal tie sit aka DAR 


ZINC AT HIGH CURRENT DENSITIES. 713 


about 95 per cent. when electrolysed with a current of 0°4 to 0°6 
ampere per sq. cm. It appeared probable, however, that traces of 
colloidal matter played an important part in determining the 
nature of the deposit in this case. Colloidal impurities, such as 
silica, for instance, are probably present in small traces both in 
commercial pure zinc sulphate and in the acid. It was found that 
after using a given electrolyte continuously, thus destroying 
the colloid, and replenishing the zinc by adding the pure metal, 
the zinc was ultimately deposited in a dark and loose condition 
and with a low efficiency. This could then only be rectified by 
adding a small quantity of colloid. The amount of colloid present 
in fresh solutions in cases where none was added is entered in the 
results below as “trace.” The tables below give the results of a 
large number of measurements with this electrolysis made in 
presence of different colloids in varying amounts, and with changing 
current density and composition of electrolyte. The results are 
tabulated according to the particular colloid present, and in order 
of the amount present. The influence of variation of the different 
conditions is thus indicated. The values given for the concen- 
tration represent the averages during the interval of deposition, 
since, on account of the use of insoluble anodes, the solutions 
became more dilute in zinc and more concentrated in acid during 
the progress of electrolysis. 

Zine was determined in the solution by titrating the slightly 
acid solution with potassium ferrocyanide, using uranium nitrate 
as indicator. The sulphuric acid was estimated by titrating with 
standard potassium hydroxide, using methyl-orange as indicator. 

In the electrolyses which were conducted with solutions con- 
taining iron, these solutions were always made from impure zinc 
and commercial acid. The iron thus introduced, which usually 
amounted to about 0°11 per cent., was in some cases increased by 
the addition of ferrous sulphate crystals. Other impurities such 
as arsenic, which would be expected in these solutions in small 
amounts, were not estimated. 


TaBLE I.—Deposits with Pure Solutions. 


Aver- 
Current- Current- age 
Composition of solution, density, eflici- thick- 
No, grams per 100 c.c. amperes ency ness of Nature 
of r ~ per per deposit. of — 
exp. Zn. Fe. HeSO4. Colloid. sq.dcm. cent. mm. deposit. 
A. No Colloid Added. 
Al. 116 nil. 13-5 _ trace. 30 90-5 0-9 Cellular, Ad- 


herent, 
8-0 ” 18-0 ” 30 74-1 0-6 ” 9 
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Taste I.—Deposits with Pure Solutions (continued). 


Aver- : 
Current- Current- age 
Composition of solution, density, effici- thick- ¢ 
grams per 100 c.c. amperes ency ness of ; 
- ~ ~, per sq. per deposit. Nature j 
Zn. Fe. H.SO,. Colloid. dem. cent. mm. of deposit. 
B. Electrolysis in Presence of Dextrin. 
12-2 nil. 13-1 0-005 dextrin. 30 8691-1 0-7 White, 
smooth, 
brittle. 
95 ==,, 17-2 0-02 ™ 30 82:8 0-4 ae 
69  ,, 12-2 0-05 - 30 78-7 1-1 Bright, adhe- 
rent,  cel- 
lular. 
106g, 13-3. 0°05 Pa 30 89-2 0-9 White, adhe- 
rent, brittle 
14:0 ,, 14:0 0°05 bn 60 91-1 0-2 Smooth, dull, 
brittle. 
13:0, 15-0 0-2 am 80 71-6 0-4 Very bright, 
brittle. 
11-6 - 17-1 0-3 eo 100 45-4 0-4 we “ 
10-9 s,, 18-1 0-4 am 100 44-0 0-2 5 on 
10-6 ,, 18-6 0-5 “ 100 37-7 0-2 in ‘ 
10:3, 19-1 0-6 a 100 35-6 0-2 ‘s % 
10:0 =z, 19-5 0-7 ma 100 35-6 0-4 ; ia 
9-4 » 20-4 08 ms 100 35-6 0-4 ‘ =" 
88 , 213 0-9 - 100 43-5 0-2 “ va 
85 , 219 1-0 a 100 47-2 0-2 js 
C. Electrolysis with Gum Tragacanth. 
11-6 nil. 12:4 0-02 gum.trag. 30 91:9 0-9 Smooth, 
pitted. 
82 , 17-2 0-02 o 30 76-8 05 “a 
14:0 ,, 14:0 0-05 gum.trag. 60 97-1 0-25 Smooth, ad- 
herent, mo- 
derately 
bright. 
14:0 =r, 14-0 0°05 ‘i 40 85-1 0-15 a - 
D. Electrolysis with Gum Arabic. ‘ 
14:0 nil. 12-5 0-003 gumarabic 40 96-0 0-1 Smooth, grey, 
firmly ad- : 
herent. . 
140 ,, 12-5 0-01 - 40 93-6 0-15 e a $ 
140 ,, 125 0-02 ra 40 91-0 0-15 Bright, firm- 3 
ly adherent 4 
14:0, 12-5 0-025 - 40 89-6 0-15 = ‘“ 4 
13-5, 15-0 0-05 a 60 96-9 0-25 " - / 
> Za 10-4 1-0 i 30 40-2 0-2 Smooth, grey, 
adherent. & 
E. Electrolysis with Mixed Colloids. ‘ 


14:0 nil. 14:0 0-05 ee | 60 92-8 0-15 Smooth, dull 
0-02 arabic adherent. 


14:0 __—,, 14:0 0-05 dextrin 60 89-2 0-2 - 
0-02 tragac. 
0-02 arabic | 

14.0 ,, 10-0 0-05 dextrin ) 20 0-05 Bright, firm- 
0-05 arabic 

140 ,, 100 asabove | 30 ne sw 

140 ,, 10-0 ie 40 0-1 a a 


ly adherent 
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TaBLE IT.—Deposits in Presence of Iron. 


Aver- 
Current- Current- age 

Composition of solution, density, effici- thick- 
No. grams per 100 c.c. amperes ency ness of 
of = " per sq. per deposit. Nature 
exp. Zn. Fe. HeSO4. Colloid. dem. cent. mm. _ of deposit. 

F. No Colloid Added. 

Fl. 14:0 03 10-0 trace. 30 90-5 0-2 Smooth, dull. 
F 2. 10-4 Ol 12-2 ja 18 95-0 0-8 Smooth, ad- 


herent. 


G. Electrolysis in Presence of Gum Tragacanth. 


Gl. 12-9 0-1 14-7 0-02 gum.trag. 20 82:8 0-9 Hard, adhe- 
rent, slight- 
ly nodular, 
contained 
0-01% Fe. 

G 2. 12-4 0-1 9-0 0-03 se 20 74-1 0-3 Loose. 


H. Electrolysis in Presence of Gum Arabie. 


Hl. 13:1 O11 10:7 0-04 gumarabic 20 84:7 0-9 Hard, white 
slightly no- 
dular. 

1 20 76-4 

é 30 97-4 


bo 0 
ee.) 


Hard, adhe : 
rent. 


0 


o ee 


30 8676-0 


0 . 
‘s 30 88-4 


0 
“0 


eS So 


bo bo 
moO 


Smooth, ad- 
herent, con- 
tained 
0-05% Fe. 

H 6. 95 10 12:0 0:02 - 30 63-6 1-4 Nodular, ad- 

herent, 
contained 
011% Fe. 

A 7. 12-1 10 10-7 0-03 ar 30 61-0 0-33 Bright, 

smooth, 

adherent, 
contained 

0-11% Fe. 


1 
5 
5 1 
0 
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In addition to the results given in the above tables, a number 
of other measurements are shown in the diagrams below. 

Fig. 1 represents the efficiency obtained during continuous elec- 
trolysis of a solution of commercial pure zinc sulphate and sulphuric 
acid. No colloid was added, and a current-density of 40 amperes 
per sq. dem. was applied. In curve B the acid concentration at 
the commencement was two-thirds that used with A. 

Fig. 2 gives the results of two series of measurements made on 
the influence of current-density on the efficiency of zinc deposition 
in the two cases, A, where no colloid was added to the solution, 
and B, in presence of 0°05 per cent. gum arabic. The solutions 
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contained from 13 to 14 grams of zinc, 10 to 14 grams of sulphuric 
acid, and 0°1 gram of iron per 100 c.c. In both cases, when the 
current-density had reached a certain value (0°6 ampere per sq. cm. 
in the case of A, and 0°8 in that of B), a fall in the efficiency 
occurred, due to the roughness or “sprouting” of the deposit. 
Smoother deposits were, in all cases, obtained in the B results. 
The remaining figures (3 to 8) show photographs of the actual 
deposits (natural size) obtained in the measurements recorded in 
the tables, reference to which is given by means of the distinguish- 
ing letters and numbers. These were, in all cases, deposits of a 
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0115 O18 0°21 0°24 027 0°30 0°32 gram H,SO, perlc.c. inA. 
0°09 O12 O15 O18 O21 0°24 0°27 gram H,SO, per 1 c.c. in B. 


Current-efficiency in zine deposition, per cent. 


thickness of about 1 mm., so that an unevenness of the surface 
resulted. The different nature of the surfaces shows the large 
influence of the different colloids and other conditions. Fig. 8 
shows the nature of the deposit obtained from a solution containing 
1-0 per cent. iron. By reference to the tables H 6, it is seen that, 
although very uneven and nodular, a deposit of 1°4 mm. thick, and 
containing only 0°11 per cent. of iron, was obtained. 

In the case of the deposits recorded in the tables as “smooth, 
bright,” no surface structure could be seen, unless a magnification 
of about 50 diameters was applied. It has not yet been possible 
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to obtain definite evidence of any crystalline structure of these 
deposits by micrographical measurements, on account of the great 
difficulty of suitably etching. 

The results shown in the tables indicate that very small quan- 
tities of colloids have the property of facilitating the deposition 
of the zinc relatively to the hydrogen at certain current-densities. 
However, when colloid is present to the extent of about 0°05 per 
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cent., the efficiency of zinc liberated begins to fall. At this stage, 
the lowering in efficiency falls rapidly in proportion te the con- 
centration of the colloid. Dextrin produced a greater depression 
than gum arabic or tragacanth at any given concentration. 

A very marked influence was exerted on the physical nature of 
the metal by the presence of only small quantities of these colloids. 
Deposits were thus obtained in a smooth and, in some cases, very 
bright condition. The brightest deposits were obtained by tho 
use of dextrin alone, but these were brittle. The most adherent 
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bright deposits resulted by taking mixtures of small quantities of 
dextrin with the gums. 

It is seen from this that the most favourable conditions for 
conducting the electro-deposition of zinc consist in the use of about 
0°05 per cent. of a suitable colloid. In this way, no appreciable 
fall in the efficiency is brought about, and smoothness or brightness 
of the surface is secured. 


Influence of Concentration of Acid. 


It is seen from the tables by comparing G1 and G2, H6 and 
H4, D4 and D10, that with concentrated zinc sulphate a more 
efficient separation of zinc occurred when the acid concentration 
was increased up to a concentration of 15 grams per 100 c.c. 

The results in Fig. 1 show that the electrolytic separation of 
zinc can be continued until the acid concentration reaches 30 per 
cent. 2nd the zinc falls to 4 per cent., at which stage an efficiency 
of over 60 per cent. is obtained. With a proper choice of colloids 
and current-density, it was found that the presence of consider- 
able amounts of iron did not detract from the efficiency of the 
electrolysis or the smoothness of the deposit, and only slightly 
affected the purity of the zinc. 


Temperature. 


The measurements in this work were all made at temperatures 
between 18° and 25°. Rise of temperature increased the ten- 
dency to the formation of rough deposits. 


Influence of Current Density. 


As shown in Fig. 2, the efficiency of the deposition of zinc was 
found to increase with the current-density to a certain limit. 
However, since the tendency of the metal to sprout out in needle- 
shaped form also increased with the current, thick deposits could 
not be obtained above a value of about 40 amperes per sq. dem. 
The presence of small quantities of colloids, by diminishing this 
tendency to roughness, increased the permissible current-density. 


Retardation Phenomena in the Deposition of Iron. 


By analysis of a number of samples of metal which were de- 
posited from solutions containing iron, it was found in all cases 
that the amount of iron deposited with the zinc was very much 
less than the ratio of these metals in the electrolyte. This 
phenomenon which, in a smaller degree, has been noticed before 
in electrolyses at lower current-densities, has been attributed to 
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a retardation in the intermediate reactions which are assumed in 
the liberations of ions (compare F. Foerster, Zeitsch. Elektrochem., 
1911, 17, 877; G. Grube, Chem. News, 1913, 108, 259, 271). 


The Part Played by Colloids in Electrolyses. 


The phenomena exhibited by the presence of colloids in electro- 
lytes have yet been only very incompletely investigated. It is 
generally observed that in presence of free acid, a colloid has a 
marked effect on the physical nature of a metal deposited on the 
cathode. Much greater smoothness of the metal deposit is usually 
produced, and in cases of thin deposits, bright surfaces are usually 
obtained. However, the use of colloids has not hitherto been in- 
vestigated in connexion with the deposition of zinc. 

Miiller and Bahntje (Zeitsch. Elektrochem., 1906, 12, 317) put 
forward the theory that during electrolysis the metal is first 
liberated in a colloidal or intermediate metastable condition, and 
then passes into a crystalline form. Organic colloids, however, 
exert a protective effect, and thus prevent the metal from assuming 
the crystalline form. It was considered that complex colloids are 
formed by the metal ions with the organic substance, and that 
this complex migrates to the cathode, and is there pressed against 
the surface by electro-endosmotic action. The observed occlusion 
of colloid in the deposited metal was thus accounted for. 

In support of this view, Mare (Zeitsch. physikal. Chem., 1912, 
79, 71) has shown that colloids have a retarding influence on the 
rate of crystallisation of substances generally. 

Freundlich and Fischer (Zettsch. Hlektrochem., 1912, 18, 885) 
found that in the case of deposition of lead, the influence of different 
colloids in showing smooth deposits showed some relationship to 
their protective effect on colloidal gold suspensions. The effect in 
the two cases was not strictly parallel however. They conclude 
that the colloid is adsorbed by the metal the crystallisation-velocity 
of which is thereby lowered. These theories do not appear to have 
been tested yet by a micrographical examination of the different 
deposits. 

In the interpretation of the results obtained in the present work 
it is necessary to consider first the large effect that colloids were 
found to have in determining the proportion of hydrogen and zinc 
liberated during electrolysis. The deposition of zinc from acid 
solutions is controlled primarily by the operation of over-voltage 
which retards the evolution of hydrogen. 

Moller (Zeitsch. physikal. Chem., 1909, 65, 226) considers that 
the over-voltage in the evolution of a gas is determined by the 
surface tension of the solution and capillary forces in the metal. 
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In support of this view, it was shown that there is always a definite 
relation between the magnitude of over-voltage and the angle of 
contact that the bubble of gas makes with the electrode during 
electrolysis. According to this theory, the over-voltage increases 
wih an increase in surface tension of the solution or with a 
decrease in the surface tension of the metal. 

Marie (Compt. rend., 1908, 147, 1400) found that the addition 
of colloids to the electrolyte increased the over-voltage, an effect 
which apparently was proportional to the viscosity of the solution. 
However, since the method of measurement consisted merely in 
determining the potential difference between electrode and the 
solution during electrolysis, the increase was probably of physical 
origin (see below). 

In connexion with the present work it became necessary to make 
a number of careful measurements on the surface tension of the 
solutions employed, also on over-voltage. 


Measurements of Surface Tension. 


It is well known that an important influence is exerted on the 
surface tension of aqueous solutions by dissolved salts, acids, and 
colloids. Very little data is available on measurements in the last 
case however. According to Zlobicki (Wo. Ostwald, “ Kolloid- 
chemie,” 1911, p. 226), a 2 per cent. solution of gum arabic has a 
higher surface tension than water, whilst Quincke (Ann. Phys. 
Chem., 1888, [iii], 35, 582) found that a 20 per cent. solution of 
this colloid has a lower surface tension than water. 

The measurements made in the present work were conducted by 
the method of the rise of the solution in a capillary tube, and the 


following results were obtained : 
Surface-tension 


at 18°. 
Solution. Dynes per cm. 
BD PIED eccserscssncnssndascsnstecscecssessnscanssssececessseossace 72-8 
» + ROX Balphearic seid ........cccicsccccssccsccscees 73°4 
Pa +8% Zinc sulphate ii oe gaan eens bamhadidlows 73-7 
9 “ +0-05% Gum tragacanth.. 70-5 
” +0-5% 58-1 
*» +10% Sulphuric acid, . 05%, Gum tragacanth = 
” > 
o +0-01% i alee 71-2 
” on 69-3 
» +0- 03% Gum arabic ie Sse ase ecballa anions anna 72-0 
‘9 +0-3% 99 saitchins tahoe dubai ienacstel PER 70°6 


The results show conclusively that sulphuric acid and zinc 
sulphate both increase slightly the surface tension of water, whilst 
the colloids examined all lower this value. 
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Viscosity. 


All colloids possess the well-known property of increasing the 
viscosity of solutions, and of being affected to a large degree by 
the presence of electrolytes in the solution. A property which 
appears to have a bearing in the present case is the increase of 
viscosity with time. With emulsoids this change is always an in- 
crease. This variation in the state of the colloid appears to be 
related to an effect which was always observed in these measure- 
ments. It was observed that the zinc deposited from solutions con- 
taining colloids showed a marked increase in smoothness and bright- 
ness on allowing the solution to remain for about a day after 
adding the colloid. 

However, after remaining for about a month, this influence of 
the colloid usually completely disappeared. 


Influence of Colloids on Over-voltage. 


A number of over-voltage measurements were undertaken with 
the electrolytes used in the present work. Two distinct methods 
were applied for these determinations (compare Pring, Zeitsch. 
Elektrochem., 1913, 19, 255). 

(1) A measurement was made of the actual potential difference 
between the cathode and the solution during electrolysis, when 
using a constant current-density at the cathode. A separate 
hydrogen electrode was connected with the. electrolyte, and the 
potential difference measured by means of a potentiometer. 

(2) By means of a rapidly-rotating commutator, the electrolysis 
circuit was broken intermittently, and the cathode, together with 
the normal hydrogen electrode, joined during the brief interval of 
interruption of the electrolysis circuit to a potentiometer, 
where the potential difference was measured. In this way 
a measure of the true back #.M.F. is given, whereas in the first 
method the potential measured includes, in addition to this, 
the potential fall at the surface of the electrode caused by the 
resistance set up by the film of gas. The results given by the 
first method are consequently higher that with the second, and show 
a large variation in the current-density, whereas, in the other case, 
the true over-voltage does not change appreciably with this value. 
The cathode used was, in all cases, pure zinc of an exposed area 
of 0°5 sq. cm. In method 2, an interruption of the circuit was 
effected thirty-five times per second. The results obtained are 
shown in the tables below: 
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Current- Over-voltage. 


Solution, grams per 100 c.c. densit 
- ss — at cathode, Method 1 Method 2 
Zn amperes (Direct (Back). 
(as ZnSO,). H,SO,. Colloid. per sq.cm. P.D.). E.M.F. 
10 10 None added.......... 0-2 1-04 0°86 
10 10 ao) “aaaaaneves 0-6 1-26 0-86 
10 10 = 0-05 dextrin ......... 0-2 1-14 0-90 
10 10 0:05 - 0-6 1-38 0-90 
10 10 1-0 dextrin .......... 0-2 1-13 0-86 
10 10 =3#64210 ” 0-6 1-34 0-86 
10 10 = 0-02 gum arabic...... 0-2 1-09 0-85 
10 10 0-02 ‘ 0-6 1-27 0-85 
10 10 4-5 Pr 0-2 1-14 0-86 
10 10 4°5 - 0-6 1-50 0-86 
Current- Over-voltage. 
Solution, grams per 100 c.c. density - - =. 
- 3 = at cathode, Method 1 Method 2 
Zn amperes (Direct (Back 
(as ZnSO,). H,SO,. Colloid. persq.cm. P.D.). #.M.F.). 
10 nil. None added .......... 0-2 1-58 0-89 
10 om Po 0-6 2-40 0-89 
10 - 0-02 gelatin .......... 0-2 0-95 
10 o» 002. =«C«s 0-6 0-95 
10 a 2-0 i Werke 0-2 0-89 
10 me 2-0 ao 0-6 0-89 


The solution around the hydrogen electrode was the same in all 
these measurements, and consisted of 10 per cent. sulphuric acid. 

In connexion with this work, it is important to recall that 
Le Blanc (“Elektromotorische Krafte der Polarisation,” Knapp, 
Halle), in some very extended measurements made with an oscillo- 
graph, found that gelatin causes a considerable increase in the 
overvoltage in the deposition of copper, but only a very slight one 
in the case of silver. 

It appears from this and the present results with zinc that the 
retarding influence of colloids in ionic changes acts selectively with 
the different metals. 

The present results show that the addition of colloids in every case 
examined increases the potential difference between the electrolyte 
and the electrode during electrolysis. This appears to be due to 
an increase in the film resistance which is brought about at the 
surface of the bubbles of gas. Since colloids cause a large lowering 
of the surface tension, it follows that an increase in concentration 
of the colloid will follow at the surface of the film of gas. This 
phenomenon was further rendered evident in these electrolyses 
by the frothing which was always caused by very small quantities 
of colloid, and by the fact that the bubbles of gas were always 
smaller in these cases. 

The true over-voltage, or back #.M./’., is seen from the above 
results to be only very slightly increased in the cases of dextrin 
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and gelatin when in amounts not above 0°05 per cent. Larger 
amounts, and all quantities of the other colloids, were without 
influence on this value. 


General Conclusions. 


The general results show that in the electrolysis of highly 
acidified zinc sulphate solutions in the presence of colloids, there 
is no relationship between the surface tension of the solution and 
the true over-voltage. 

A certain parallelism was made apparent between the surface 
tension of the solution and the efficiency in the deposition of zinc 
or the ratio of this metal liberated to the amount of hydrogen 
evolved. 

It is seen, however, that this influence of surface tension will 
not account for the results obtained in the case of solutions con- 
taining very small quantities of colloids. In these cases, although 
the colloid produced a marked fall in surface tension, yet the 
efficiency in the zine deposition was slightly increased. 

The influence of larger amounts of colloids in lowering the 
efficiency is probably due to the formation of protective films 
around the cathode and the prevention of free diffusion of the 
electrolyte. 


Summary. 


At certain very high current-densities, the electro-deposition of 
zinc can be effected in the presence of a high concentration of free 
acid. Under these conditions, the ratio of zinc to hydrogen 
liberated actually increases with the acid concentration up to a 
certain value, and also increases with the current-density. 

In this way, with a concentration of sulphuric acid of about 
15 grams per 100 c.c., and a current-density of between 20 and 
50 amperes per sq. dem., zinc can be deposited with an efficiency 
of about 95 per cent. With lead anodes, this electrolysis is 
achieved with a potential difference of about 5 volts, and with 
zinc anodes, 3 volts. 

The presence of small quantities of colloidal matter exerts a 
marked effect on this reaction, and enables the production of 
bright adherent deposits. The presence of colloids also enables 
the use of a higher current-density, and in this way yields a higher 
current-efficiency in the zinc deposition. 

In these solutions, a very strong retardation was observed in 
the deposition of iron present in the electrolyte. On account of 
this, considerable quantities of this metal in the electrolyte caused 
very little contamination of the zinc. 

VOL, CV. 3B 
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The results obtained could not be entirely ascribed to effects of 
over-voltage, or surface tension, or viscosity of the electrolyte, and 
are probably mainly determined by influences which control the 
rate of the reactions involved in the change from the ionised to 
the free element. 

The results obtained in this work indicate the most favourable 
conditions under which zinc can be obtained from commercial 
solutions, either with a view to the recovery of the metal or to its 
application for the purpose of electro-plating. 


In conclusion, we are deeply indebted to Mr. E. Newbery for 
the careful measurements on over-voltage which he made and 
placed at our disposal, and to Mr. A. C. Barnes for his able 
assistance. 


E.scrro-CHEMICAL LABORATORY, 
THe UNIVERSITY, MANCHESTER. 


LXXIII.—The System Ethyl Ether-Water—Potassvum 
lTodide—Mereuric Iodide. Part II. Solutions 
Saturated with Respect to Solid Phases in the 
Four-component System. 

By ALFRED CHARLES DUNNINGHAM. 


Arter the consideration of the three-component systems (this vol., 
p- 368), the simplest manner in which to approach the somewhat 
complicated four-component system is by an examination of a series 
of isotherms, beginning with the simplest type, and developing this 
into the complicated form representing the system under con- 
sideration. 

Fig. 8* shows such a series in a four-component system in which 
two of the components are liquids. The surfaces showing saturation 
with respect to the solid phases are projected on a plane parallel to 
two sides of the tetrahedron representing the system, which do not 
cut each other. The tetrahedra have been omitted for the sake of 
clearness. 

Fig. 8a shows the typical isotherm in which the two solid com- 
ponents A and Bdo not forma compound. Fig. 8d shows a similar 
isotherm in which a compound of A and B only, called C, is 
formed. 


* For Fig. 7, see this vol., p. 377. 
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In both these cases the curves of saturation in the two three- 
component systems in which the solids appear are similar, and are 
joined by surfaces extending right through the four-component 
system. In Fig. 8¢ a second compound, D, appears, containing the 
two solid components and one of the liquid ones. The surface of 
saturation with respect to this compound naturally disappears before 
the right-hand three-component system is reached. This gives rise 
to a point z, representing a solution in equilibrium with C, D, 
and B. 

Fig. 8d shows an isotherm which closely resembles Fig. 8c, except 


Fie. 84a. Fic. 8b. 


for the fact that the two liquids are not now miscible in all pro- 
portions. The saturation field of A is thus divided into two parts 
separated by the two-liquid area, AZ,+ALZ,. Similarly, the field 
of C is divided into two parts by the two-liquid area, which extends 
into the D field, where the two liquids become identical in the 
critical point K,. A two-liquid area is also found in the saturation 
surface of B, the two liquids becoming identical in the critical 
point X,. This figure, of course, only shows one of the very many 
forms which are theoretically possible in a system of this type, 
but the division of the saturation surfaces of the solid phases 
corresponds with that actually found in the system under con- 
sideration. 

If, now, in Fig. 8d the right-hand three-component system is made 
3 B2 
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similar to that in the system potassium iodide—mercuric iodide— 
ether, the most likely types for the four-component system are 
shown in Figs. 9a and 9b, which are readily intelligible when it is 
remembered that the binodal curve of the three-component system 
becomes a cone-shaped solid in the four-component system, and that 
the intersection of the surfaces of saturation of the solid phases 
with the binodal cone renders certain portions of it metastable. 


The type of equilibrium actually found is shown by Fig. 9b. It 
is as well, therefore, to consider the intersection of the surfaces of 
saturation with the binodal cone a little more closely. In Fig. 10, 
KMFE and HGFE represent the saturation surfaces of B and C 
respectively. These surfaces intersect along the line F/, which 
therefore stands for solutions in equilibrium with both solid phases. 
The lines KH and HZ show the saturation curves of B and C 
respectively in the three-component system, so that a, b, c, and d 
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are the points of intersection of the binodal curve with these lines. 
The binodal curve itself is represented by abdc, the metastable 
portions being dotted. a’b/d'c! and a’b" are therefore sections 
of the binodal cone in the four-component system, the stable por- 
tions of this cone being the triangular strips aca” and bdb"”. It 
will be noticed that there are no stable two-liquid layers after 
a" and b”, which represent two liquid layers in equilibrium with 
one another and with B and C. Any attempt to advance from 
these points in the direction of / results in a diminution of the 
quantity of the liquid a”, because the mixture simply moves a little 
further into the tetrahedral complex BCb"’a", a” disappearing 
when the composition of the mixture reaches the plane BCOd". 


Fie. 10. 


Beyond this there is only the ordinary equilibrium of B, C, and 
solutions on 6”F, 

We can now consider the diagram, which shows the actual 
equilibrium. Fig. 11 is a diagrammatic projection of the tetra- 
hedron on a plane parallel to two sides which do not intersect, such 
that the position of any point on the projection is found from the 
relationships 

ZEt,O0 -%H,O0 
: ’ 


eS A y= 


%K 1 —%Hel, 
) _ a 


O being taken as the origin, BC as the x axis, and AD as the 
y axis, 
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FGHJZ is the isotherm in the system potassium iodide—mercuric 
iodide-water, abcfmgde that in the system potassium iodide— 
mercuric iodide-ether, ¥W X and aMY that in the system potassium 
iodide—water-ether, and ZQX and YPe that in the system water— 
ether-mercuric iodide. From what has already been said, the 
saturation surfaces will easily be distinguished. They are 
numbered 1, 2, 3, and 4, to correspond with potassium iodide, 
potassium mercuri-iodide, potassium mercuri-iodide hydrate, and 


mercuric iodide respectively. 
The saturation surface of potassium iodide is divided into the 
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two portions FVRG and MUba, representing aqueous and ethereal 
solutions respectively. The area VRUM represents mixtures of two 
liquids saturated with potassium iodide, the compositions of which 


are given by conjugate points on NR and MU. 
The saturation surface of potassium mercuri-iodide is divided up 


in a similar way. The ethereal portion, UV befmnpwT, is subdivided 
into the two portions UbcpwT and nfm, separated by the two-liquid 
area pefn. Any point on this area represents a mixture of two 
liquids, saturated with potassium mercuri-iodide, lying on pe and 
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nf respectively. Both these curves correspond with solutions con- 
taining very little water. The former, however, are poor, and the 
latter rich, in dissolved salts. 

The saturation surface of potassium mercuri-iodide hydrate is 
divided into a two-liquid area, SK,7', and a homogeneous area, 
HSK,TwJ, by the critical curve SK,7. Points on the portion 
SK,T represent mixtures of liquids on SK, and 7K, respectively. 
It will be noticed that the homogeneous area is not divided into 
aqueous and ethereal portions, whence it follows that in contact 
with this phase water and ether are capable of mixing in all pro- 
portions. The solid potassium mercuri-iodide hydrate ceases, of 
course, to be stable in contact with solutions containing a larger 
proportion of ether than that corresponding with the solution w, 
which is in equilibrium with three solid phases. 

The saturation surface of mercuric iodide is also divided by a 
critical curve, QK,P, into two-liquid and homogeneous areas, which 
have a similar significance to those described for the preceding 
phase. The homogeneous area is subdivided into the parts 
ZI wpdePK,Q and nmg, separated by pngd, points on which repre- 
sent mixtures of liquids on pd and ng respectively. Both these 
curves correspond with solutions containing very little water, but 
the former are poor in dissolved salts and the latter rich. 

-The lines of intersection of these saturation surfaces represent 
solutions saturated with the two solid phases corresponding with 
the intersecting surfaces. A few points may be mentioned with 
regard tothese. GR represents aqueous, and U6 ethereal, solutions 
saturated with potassium iodide and solid potassium mercuri-iodide. 
Any point on the line UR gives a mixture of the two solutions U 
and # in equilibrium with the two solid phases. The position of 
the point on UR does not affect the composition of the two layers, 
but only their relative amounts. Similar remarks hold for solu- 
tions saturated with both solid potassium mercuri-iodide and its 
hydrate. The curve of solutions saturated with potassium mercuri- 
iodide hydrate and mercuric iodide, shown by /w, is uninterrupted, 
since all solutions in equilibrium with these two phases are homo- 
geneous. The curve of solutions saturated with potassium mercuri- 
iodide and mercuric iodide is divided into two parts: wp represents 
solutions poor in dissolved salts, mm solutions rich in dissolved salts, 
whilst any point on pn represents a mixture of the two solutions 
n and m. 

Since the saturation surfaces extend across the tetrahedron from 
the plane A BD to the plane ACD, they divide the tetrahedron into 
two portions. That lying between the saturation surfaces and the 
edge BC corresponds with unsaturated solutions, that lying between 
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the saturation surfaces and the edge AD to supersaturated solutions 
or complexes of solid and solution. The latter space is bounded 
by the saturation surfaces and portions of the four side planes, 
namely, AFGHJZD on ABD, AabefmgdeD on ACD, AFNMa on 
ABC, and DZQPe on DBC. 

This space is divided up into a number of portions, the extent 
and significance of which are at once clear from the following con- 
siderations. If any point on a saturation surface is joined to the 
point representing the composition of the solid phase, the line so 
formed gives all possible mixtures of that particular solution and 
the solid phase. If, in the same way, all points on the saturation 
surface are joined to the point representing the sclid phase, a space 
is formed which gives all possible mixtures of the solid phase and 
its saturated solutions. Such spaces exist for each of the four solid 
phases. It is to be noted that each of these spaces is divided into 
two or more parts. Those arising from the homogeneous areas of 
the saturation surfaces represent complexes of homogeneous solu- 
tions and solid phase, whereas those arising from two-liquid areas 
represent complexes of two liquid layers and solid phase. Thus, for 
example, the space formed by joining A to all points on VMUR 
represents complexes of solid potassium iodide and two conjugate 
solutions on VR and MU respectively. It is not necessary to 
enumerate all these spaces, since they will be clear from the pre- 
ceding considerations. 

Spaces which correspond with complexes of solution and two solid 
phases are formed by joining all points on the saturation curve 
of the two solid phases to all points on the line representing 
mixtures of the same, that is, the line joining the points which 
correspond with their respective compositions. Thus, on joining 
all points on GRU6 to all points on At, the space formed repre- 
sents all possible complexes of solid potassium iodide, solid 
potassium mercuri-iodide, and saturated solutions. The parts of 
this space arising from GR and Ub represent complexes of homo- 
geneous aqueous and ethereal solutions respectively, and the two 
solid phases, whilst that arising from RU represents mixtures of 
the two solutions 2 and U and the two solid phases. Similar con- 
siderations hold for the spaces which arise from the curves HSTw, 
wpnm, and Jw. 

In addition to the spaces representing complexes of solutions and 
one or two solid phases, there is one space representing complexes 
of three solid phases and the saturated solution w. The area 
formed by joining rtD gives all solid mixtures of potassium 
mercuri-iodide, its hydrate, and mercuric iodide. If, therefore, all 
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points on this area are joined to w, the resulting space gives all 
complexes of these three solid phases with w. 

The reactions in the system are best understood by studying the 
intersections of a series of planes with the saturation surfaces and 
spaces. In Fig. 11, AZD isa plane on which all points represent 
mixtures containing ether and water in a definite ratio, which is 
given by the position of Z on BC; quvaxyhk is the curve of inter- 
section of this plane with the saturation surfaces. This section is 


Fig 12, 


Va 
D(Hel,) 


shown in detail in Fig. 12, which is lettered to correspond with 
Fig. 11. S,,S,,S3,and S, represent solid potassium iodide, potassium 
mercuri-iodide, potassium mercuri-iodide hydrate, and mercuric 
iodide respectively. LZ, and ZL, represent two conjugate liquids, 
whilst Lp, Ly, Ly. Ly Ly. and L, represent the solutions shown by 
those letters in Fig. 11. VRSK,TUM and QK,P are the projec- 
tions of the binodal curves on the plane 4 ZD, and are also lettered 
to correspond with Fig. 11. 
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The curve of intersection, guvxzyhk, may be regarded as the 
isotherm in the pseudo-ternary system potassium iodide—mercuric 
iodide—liquid Z; it can be followed by gradually increasing the 
ratio of mercuric iodide to potassium iodide. 

The “solution” g in the three-component system potassium 
iodide—-water-ether exists as the two layers WV and M. When 
mercuric iodide is added, qg follows the curve gu, the two layers the 
curves VR and MU respectively, until, when the “solution ”’ reaches 
u, the layers reach R and U. These are in equilibrium with 
potassium iodide and potassium mercuri-iodide. When all the 
potassium iodide is converted into potassium mercuri-iodide, the 
“solution” follows uv, the layers RS and UT respectively. At v 
the solid phase change from potassium mercuri-iodide to its hydrate, 
and the “solution” then follows the curve vy, while the layers 
follow SK, and 7K, respectively. At z, the curve vy cuts the 
binodal curve in the branch corresponding with the ethereal or 
upper layers. At z, therefore, the lower or aqueous layer a entirely 
disappears, leaving only the upper or ethereal layer z. When the 
point z falls on the branch SK,, the upper or ethereal layer 
disappears, leaving the lower or aqueous layer, and when, as only 
happens for one particular value of L, x coincides with K,, the two 
layers become identical. 

The homogeneous solution xz then follows the curve zy until at 
y the solid potassium mercuri-iodide hydrate is replaced by mercuric 
iodide. The solution, which is still homogeneous, then follows yh, 
until at A the curve cuts the binodal curve QX,P on the aqueous 
branch. An upper or ethereal layer 6 then commences to form, 
and as the “solution” follows the curve hk, the two layers move 
along kQ and bP respectively, ending in the three-component 
system mercuric iodide-ether—water. When the curve yk cuts the 
binodal curve in the branch K.P, an aqueous or lower layer forms, 
and when hf coincides with K., the homogeneous liquid separates 
into two layers. 

In following the curve guvazyhk, it must be borne in mind that 
in order to keep the ratio of water to ether constant in the solu- 
tions, it is necessary to remove all potassium mercuri-iodide at v 
and add solid hydrate to take its place. A conversion of one into 
the other changes the ratio of the liquid components in the solution. 
Similarly, at y it is necessary to remove all potassium mercuri- 
iodide hydrate and replace it by mercuric iodide. 

The areas representing complexes of solid and solution are now 
intelligible without further explanation. 

The actual figures obtained experimentally are given in table V.* 


* For table IV, see this vol., p. 376. 
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TaBLeE V.* 


‘ The System Ether-Water—Potassiwm Iodide Mercuric Iodide 
: at 20°. 


Percentage composition Percentage composition ; 
of upper layer. of lower layer. 


Fe | No. KI. Hgl,. Et,0. H,O. KI. Hgl,. Et.O. H,O. Solid Phase. 

19 12 26-7 503 — 23-0 HglI,+ KHglI,,H,O i 
34 22-1 50-7 94 17-8 HglI,+ KHglI,,H,O i 
35 17-0 50-1 19-1 13-8 HgI,+KHglI,,H,O i 


36 12-1 460 354 65 — — — — Hgl,+KHgl,,H,O i 
37 11-2 440 390 58 — — — — HglI,+KHgl,,H,O : 
38 95 41:0 451 44 — — — — Hgl,+KHgl,,H,O ( 
39 86 346 526 42 — — — — Hgl,+KHgl,,H.O ; 
40 45192 738 25 — — — — Hgl,+KHgl,,H,O 
41 15 12:0 846 19 — — -— — HglI,+KHgl,,H,O ; 
42 11 43 938 O08 — — — — Hgl,+KHgl,(?) j 
43 10 3-2 954 04 156 543 288 1:3 Hgl,+KHgl, 
: 33 —- — — — 17:0 582 248 — Hgl,+KHgl, ' 
*27 — 2? 9-1 39 — ? 7-0 93-0 Hgl, i 
44 0-2 16 962 2:0 35 105 124 73-6 Hgl, 
45 03 19 958 19 44 15:5 183 61-8 Hgl, 
46 14 87 861 38 52 26-5 50-7 17-6 Hgl, 
47 25 140 77:0 65 43 22-9 60-0 12-8 Hgl, 
48 3:0 156 735 79 40 21-5 63-0 11-5 Hgl, 
149 3-1 17:9 694 96 31 #179 694 96 HglI, 
28 04 — 99:2 O04 556 — 3-7 40-7 KI 
b 50 12 3:0 947 1-1 385 511 06 98 KI+KHgI 
51 36 93 83:7 34 362 50:2 0-9 12-7 KHglI, or KHglI,,H,O 
52 53 140 766 4-1 364 51:0 06 12-0 KHglI,,H,O 
53 14-1 33-8 44-5 7-6 33-7 51-7 1-4 13-2 KHgl,,H,O 
54 17-6 39-6 32-7 10-1 32-4 50:3 24 14-9 KHgl.,H,O 
55 19-7 42-8 23-7 13-8 31-7 495 2-9 15-9 KHgl,,H,O 
156 26-6 47-2 90 17-2 266 47-2 90 17-2 KHgl,,H,O 
* The solubility of mercuric iodide in water and ether is too small to estimate, 


+ Nos. 49 and 56 are critical points. 


Owing to the very slight difference in composition between potassium 
mercuri-iodide and its hydrate, it has not been found possible to 
determine the curve of solutions saturated with respect to these 
two solid phases, nor the solution w (Fig. 11) saturated with respect 
to these phases and mercuric iodide. The probable relationship 
existing between the saturation surfaces of potassium mercuri- 
iodide and its hydrate has therefore been deduced from a con- 
sideration of the isotherms in the three component systems 
potassium iodide—mercuric iodide—water, and potassium iodide- 
mercuric iodide-ether. 

The author wishes to acknowledge his indebtedness to the 
Chemical Society for a grant towards the expenses of this research. 

* See footnote, p. 732. 
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LXXIV.—A New Formula for the Latent Heat of 


Vapours.* 
By Matcotm Perciva, AppLeBey and Davip LEoNARD CHAPMAN. 


THe most general formula for the latent heat of vaporisation is 


that of Clausius and Clapeyron, 
L=tv,- 0), 

v, and v, being the molecular volumes of the vapour and liquid 
respectively, ¢ the absolute temperature, and p the pressure of the 
saturated vapour. L is, of course, the value of the heat of vaporisa- 
tion in mechanical units. The only assumptions made in the deduc- 
tion of the formula are the two thermodynamical principles. It is 
therefore applicable to all changes of state, and contains no special 
assumptions as to the structure of matter. 

If, however, definite postulates are made as to the internal struc- 
ture of matter, it becomes possible to deduce formule correlating 
the variables in terms of which the state of the matter can be 
expressed. The most successful of such formule is that of van 
der Waals for liquids and vapours, 


C + te —b) = Rt. 


By the elimination of one of the variables from such a character- 
istic equation and the above general thermodynamical equation, the 
latent heat can be expressed in terms of two independent variables 
only. 

A formula of this kind has been deduced by Bakker (Zeitsch. 
physikal. Chem., 1895, 18, 519). It is 


= Relog 2°, 


% 
Although the formula has been derived by rigid reasoning solely 
from van der Waals’ equation and the thermodynamical principles, 
it is not in agreement with the facts, the calculated values for the 
latent heats being in most cases more than 20 per cent. below the 
experimentally determined magnitudes. Van der Waals’ equation 
is not, therefore, a sufficiently close approximation to the truth 140 
enable the latent heats to be calculated from it with a satisfactory 
degree of accuracy. 


* To avoid constant repetition we may state at once that the symbols employed 
in the formule occurring in this paper always refer to gram-molecules, and that 
to avoid the use of J, heat is supposed to be measured in mechanical units. 
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Bakker’s formula can also be deduced from the simplified 
characteristic equation 


a(v—b)=Rt, 
where 7 is the total pressure, that is, the sum of the internal and 
external pressures, and therefore the discrepancy. cannot arise from 
incorrect assumptions as to the magnitude of the internal pressure. 
Perhaps it is not legitimate to assume that } is constant. This 
conjecture is supported by the circumstance that, although for all 
substances with polyatomic molecules the formula gives a value of 
the heat of vaporisation which is too low, for mercury vapour the 
calculated and experimental values of the latent heat are in good 
agreement, for it might reasonably be expected that the variation 
of 6 would be least in the case of substances composed of monatomic 
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molecules. 
We shall accordingly assume that 6 is a variable the magnitude 
of which depends on the temperature, and investigate how closely 


} such an assumption will bring theory and practice into conformity 
; with one another. Suppose that small amounts of the substance 

are transferred successively from the interior of the liquid to that of 
the gas, the movement from the liquid to the gaseous phase being 
: so slow that the moving portion of matter always assumes the 
x precise condition of its immediate surroundings. (The change in 
. state across the interface of the liquid and gas is conceived as con- 
tinuous, the internal pressure and density diminishing gradually 


Hl as the boundary is crossed.) Let a gram-molecule of the liquid be 
By thus transformed into vapour. The heat absorbed during this 
MW process is 
i v2 6H 
ea = dv, 
is Vy dv 
i va being the molecular volume of the vapour, and v, that of the 
y liquid. 
E But 6H or 
ba where 7 is the total pressure, namely, the sum of the internal and 
i external pressures. Therefore the total heat absorbed, or the 
: molecular latent heat, is given by 
| " om du; 
Cal ot 
= can be found from the characteristic equation 
§ 
n(v—b)=Rt; 


for, by differentiation, we obtain 


ér a 
5? —b)- Th =f, 
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and therefore 
i_ kdb 1 
dt vb dt*v—b 
Spee. 0... 
v—b (v—b)? dt 
“br, 7 v,—6 ( ate, alk A 
; | Re Gdon Lm Reloge = + Re ape ewe te (A) 
If the values of v,, v,, and Z are known for a series of definite 
temperatures, it is obviously possible to estimate the values of b 


and @ corresponding with each definite temperature from the 


above equation. This has been done for several compounds, and it 
has been found that for those examined, o is approximately 
constant over a wide range of temperature. 


As it may be assumed that S is constant, the only information 


which is needed in order to fix the value of 6 for any given 
temperature is a knowledge of the value of 6 at the critical point, 
and also the magnitude of 4 

With the aid of the law of the rectilinear diameter and the 


relation discovered by J. E. Mills (J. Physical Chem., 1905, 9, 402), 


namely, that at the critical temperature 4 a=, the value of 6,* 
Ve 
and © can be calculated. We shall now deduce the formule 
required for this calculation, and give one example of their q 
application. % 
From (A) | 
bp v,—b ( 1 1 \db 
~v,)P =L = Rt log, D2 
Kes iy Kies --3°" v,—b per 
and therefore 
db 


dp V—-v 1 V,—Vv 
t(v, —v,)°? = Rel (1 4) ho 
rr a+ 7 )* "oe 
At a temperature just below the critical point, v.—v, is small, 
and the above equation reduces to 
dp 1 1 db\ 
- k{ + i. 
ot Ue—be (Ve ~ b)* dt) 


* The suffix ¢ is used to indicate that the symbol to which it is attached refers to 
a magnitude at the critical point. 
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With Mills’ relation this becomes 
ee on a. 


Ve Vc — be (Ue — b)? “dt 


Since S is constant, we have 


det (8) 
c 
Up being the extrapolated molecular volume of the liquid at the 
absolute zero of temperature. 
On this value of S. being substituted in (i), we find that 


b, =u % fe - Catena 


The negative sign must be taken, since }, cannot be greater than 2%. 
From the law of the rectilinear diameter, it can easily be shown 
that vp is given by the equation 


a) D 
t 
te —t z fo + P2 = 2 pc) + 2Pec ( ) 


aes oe ee ee Bai sie iii 


M being the molecular weight, and p, and p, the densities of the 
liquid and vapour respectively at the temperature ¢. From the 
equations (B), (C), and (D), and the necessary experimental data, 


i the values of b, and < ‘can without difficulty be calculated. From 


these two magnitudes 6 can be found at any temperature. 

: As an example of the use of the foregoing formuls, the calcula- 
% tion of the heats of vaporisation of fluorobenzene will be taken.* 

; Vp is in the first place calculated from (D). The value of the 


| first term in the denominator of the right-hand side of the equation 

j is calculated for five temperatures 40° apart, and in calculating 

% from the formula the mean of these values is taken. The numbers 
obtained are: 


te 
i, — r1 + pz — 2pc)- 


t. Pi- Pa. 2pe- bos 
513 0-6789 0-08403 0-7082 559-6 0-65687 
473 0-7671 0-04184 _— — 0-65071 
433 0-8363 0-01992 — —_ 0-65419 
393 0-8955 0-00835 _— — 0-65728 
353 0-9496 0-00288 _ — 0-66172 


Mean=0-65615 
vg then works out as equal to 70°363. 


Substituting this value of vp in the equation 


* All the experimental data for this communication are taken from a paper by 
S. Young (Sci. Proc. Roy. Dubl. Soc., 1910, 12, 414). 
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and taking v, as being equal to 271°110, b, is found to have the 
value 106148. 


b calculated from (A) is 0°06394. 
It is obvious that, from a knowledge of the magnitude of b, and 


- , the value of 5 can be found for any desired temperature, and 


that 6 and = being known, the heat of vaporisation can be calcu- 
¢ 
lated from equation (A) with the aid of Young’s values of v, and 2. 
In the following table the values of 6 and the calculated and 
observed values of the heats of vaporisation at intervals of 10° over 
a range of 200° is given. 
TaBLeE lI. 


Fluorobenzene. 


0. b. L (calc.). L (obs.). 

80 92-934 79-76 80-07 

90 93-573 79-08 78-59 
100 94-214 77-21 77-10 
110 94-853 74-98 75-05 
120 95-492 73-24 73-03 
130 96-132 72-02 71-02 
140 96-771 69-27 68-75 
150 97-410 67-35 66-48 
160 98-050 65-39 64-37 
170 98-689 63-09 62-37 
180 99-329 61-08 60-17 
190 99-968 58-10 ; 57-82 
200 100-608 55-84 55°35 
210 101-247 53-27 53-04 
220 101-887 50-34 50-37 
230 102-526 47-19 47-38 
240 103-165 43-77 44-07 
250 103-805 39-43 40-29 
260 104-444 35-21 35-65 
270 105-083 29-47 29-54 
280 105-723 19-95 20-82 


The above method of calculation of vg is dependent on the validity 
of the law of the rectilinear diameter. It has been shown, how- 
ever, by Young that the linear relation between the temperature 
and the sum of the densities of the liquid and saturated vapour is 
not quite exact. The values calculated by this method therefore 
contain a small error. Taking into account the slight curvature 
of the diameter, as given by Young’s measurements, we obtain for 


fluorobenzene 


v, =69°635 and 2° —0-06472. 
° dt 


In this case the correction is too small to influence to any marked 
degree the agreement between calculated and observed latent heats. 
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For the rest of the substances examined we have, in calculating v9, 
introduced the correction for the slight curvature of the diameter. 
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It is only in the case of the associated substances that this correc- 


tion is considerable. 


The following tables contain the values of the latent heats calcu- 
lated by this method and those obtained by Young from vapour- 
pressure measurements. The heats of vaporisation are in calories 


per gram. 
Taste IT. 
Non-associated Liquids. 

n-Pentane, C5Hj9.* vg = 80°27. = 0°0892. 
Wis skag soacenesae eas 30 60 90 120 150 170 180 
L (cale.) ......... 86-02 79:98 72-73 64:06 52-34 42-09 35-30 
Br GGRB) ocrcsccces 85:76 80-07 72-73 64:48 53-39 42-06 35-01 

— 

n-Hexane, CgHyy. vg=93°58. aia 09760. 
De ksaoatnbeiendndains 60 90 120 150 180 210 220 
L(eale.)  ....... 81-12 74:72 67-81 59-55 49-81 36-49 29-96 
DL (ob#.) «1220025 80-82 75-51 69-29 61-03 50-93 37-29 30-37 

, db _o. 

n-Heptane, C,Hyg. vg=108°79. a 0°10701. 
Ge. csianasassneceeass or 70 100 130 160 190 220 250 
py epee 82-13 75-66 68-33 61-23 53-34 43-52 29-02 
EA GGTLY cocccrscciece 80-44 75-80 69:37 62-65 56:05 46-46 31-25 

n-Octane, CgHyg. vg =123°85. = = 0°11732. 
Dic cassie ans iiawinss- ences 120 150 180 210 240 270 280 
By GUNG) cc cvscascane 73°82 66:62 59-57 52-04 42-92 31-50 25-96 
EGBA) ccciscsscsae 71-43 66:45 60-91 54:83 45-97 34:38 28-26 

70- re 
Wines one. diattincwenkonsss 10 40 70 100 130 160 170 
TID nitinccesins 85-62 79-81 73:09 65-18 55-20 41-29 34-65 
BO GIED ncntieiensen 84-73 79-12 71-95 64-83 55-07 41-27 34-28 
By-Dimethylbutane, CgHy,. vy =92°69. 7 =0'09421. 

Diiccelinascascsacssssnoea 50 80 110 140 170 200 210 
Ee (ORER.) n000ccccreee 76-38 71:14 64-92 57-59 48-75 36-58 30-84 
PT} eer 77-90 72-64 65-83 58-45 49-36 37-15 31-09 


190 
24-51 
24-68 


230 
19-93 
19-73 


260 
20-77 
21-90 


290 
17-87 
19-10 


180 
26-38 
24-65 


220 
22-43 
22-14 


* The values of the constants for n-pentane are obtained directly from equation 
(A) (p. 736) by a method of trial, without assuming either Mills’ relstion or the law 


of the rectilinear diameter. 
VOL. CV. 3 Cc 
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TaBLeE II. (continued). 


Non-associated Liquids. 


db 


Be-Dimethylhexane, CgHjg. vg=123°29. Fen) th 788. 
@ ceccesece dissdaendcess 90 120 150 180 210 240 260 
L (cale.) ........000. 70-52 64-56 58-23 51-80 44-27 34-74 25-67 
ZL (ObB.) ...eeeeeeees 70-03 64:01 57:90 53-07 46-38 37-37 27-93 


cycloHezxane, CgHy.. vy=79°00. @ =0-07427. 


Onccccessercosccsccceeces 80 110 140 170 200 230 260 


Et AETILD sacseviicces 84-25 79-37 73-72 67-24 59-44 49-66 35-03 
ph eae 86-72 8l-ll 74-24 67-26 59-37 49-98 35-16 
Benzene. 1=65'19. . —0°06166. 
SRE Ne nee ney ee we 70 100 130 160 190 220 250 
OS ee 95-83 91-31 85-25 78:86 71-31 61-85 49-29 
Tt EY astansincinn 96-70 91-41 84-74 78-94 71-76 62-24 49-47 
Chlorobensene. v)=79°69. a = 0°06449. 
ES ere ineeke 130 160 190 220 240 250 260 
BPR) cxciciescscs 79-86 75-10 69-78 64-15 60-12 57-77 55-32 
SPQGRR) ccccccscecse 74-24 71-26 67-37 62-89 59-49 57-50 55-15 
Bromobenzene. v,)=83°71. < = 0°06392. 
1D csncandieiessenaanes 150 180 210 230 240 250 260 
Be GARD ocnccccssece 61-58 57-94 54-02 51-46 49-92 48-55 47-01 
EP (GRB.) coccccceesee 56-05 53-80 51-37 49-44 47-96 46-80 45-72 
Iodobenzene. v)=90°05. a = 0°06503. 
DP cnscadiesinkensenaas 180 200 220 240 250 260 270 
Bo (eaha,) ceccccsccese 50-68 48-90 46-96 -45-14 4418 43-09 41-89 
SECU cnccsscsvaes 46-69 45-80 44-78 43-27 42-43 41-40 40-29 
Carbon tetrachloride. v,=70°43. 7 006674. 
©: sanisiniespaaaassonss 70 100 130 160 190 220 250 
BPG ssvsnecisese 46-83 44-33 41-44 38-38 34-55 29-72 23-15 
BGR) sccisscccees 46-77 44:15 40-98 37-95 34:04 29-45 23-19 
Stannic chloride. 0,=87°28. = —0:08239. 
©  ccnsapenssencccsianes 100 130 160 190 220 250 270 
BOMBS srsiciciccis 31:35 29-41 27-33 25-13 22-52 19-28 16-82 


L (ODS.) ....seceveee 31-76 29-89 27-69 25-38 22-82 19-77 17-10 


270 
18-25 
19-54 


270 
26-93 
26-72 


280 
27-96 
27-43 


270 
52-84 
52-56 


270 
45-35 
44-34 


280 
10-71 
10-43 


280 
15-34 
15-60 
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TaBLeE II. (continued). 
Non-associated Liquids. 


Ethyl ether. vy=72°37. f= 008091. 


PD isvswscsascaserensnnia 0 30 60 90 120 150 180 
Z. (G06: )} ocececccssss 96-34 88-50 80-86 72-20 62-05 50:20 31-94 
Lr (ODB.) cccccccecces 92-52 85-18 7844 70-97 62-24 51:09 31-87 
Methyl formate, CxH,O». v)=43°59. of =0-04793. 
© kincceiseceecsesens 30 60 90 120 150 180 200 
L (cale.) ........000. 119-84 109-65 99-32 87-94 74-62 57-43 40-77 
Ee GOB) sccceccceses 114-27 105-11 95-77 86-22 73-58 56-48 38-80 
Ethyl C,H,0.. %=57'89. 2 =0-05922 
tyl formate, C,H,O.. vy= > ga mOtures. 
O iccscdesucasdccocenes 50 80 110 140 170 200 220 
Ep GOMES) cacectscnsss 96-76 89-18 81:15 72-25 61-62 48-19 34-32 
Ey GRAD onvscscnsense 97:92 90-91 83-16 74:18 63-12 49-28 34-47 
Methyl acetate, CsHg0>. 1)=57'82. © = 0'06080. 
© csatiparconsnicaebsad 50 80 110 140 170 200 220 
L (cale.) ........0006 107-22 97-04 86-92 76-12 64:14 49-24 34-62 
ECOL) crecsccccese 100-34 94:07 85-74 76-83 65-79 50-56 34-87 
n-Propyl formate, CyH,O,. vg=71°22. a = 0°07281. 
© vsciunddiisasasuanse 70 100 130 160 190 220 250 
Ts COMME) scorsssevoed 90-57 83-10 75-74 67-64 58-87 47-64 30-95 
EGOMEY crcessssiexe 89-05 82-66 75-96 68-29 60-28 49-62 31-99 
Ethyl acetate, CyH,0,. )=70°98. c= 0/0759. 
D cciadisccliveniosaien 70 100 130 160 190 220 230 
E(OMB) scccsisecease 89-38 81-43 73-21 64-17 54-01 40-73 34-69 
RUBE ciciecsenin 87-42 82-15 74-69 65-91 56-40 42-63 36-05 
Methyl propionate, CsH0.. v=70°36. = 0-07326. 
© cceckcsbcuaaceinknicen 70 100 130 160 190 220 240 
Ee COREY cccineccnsccs 91-09 83-03 74:99 66-34 56-66 44-71 33-01 
Es (GRR) cccccscesses 88-94 82-75 76-04 68-15 58-95 47-14 34-41 
n-Propyl acetate, C;H,)O,. vg=85°61. . = 0°08716. 
© ticeicenstinsasanane 90 120 150 180 210 240 260 
Be GORD ecciscdcoess 84:07 75-93 68-07 60-02 51-07 39-67 28-91 
Fo (GBB.) .ccccccccess 81-65 76-33 69-79 62-80 54:29 42-40 30-70 
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190 
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TasLe II. (continued). 


Non-associated Liquids. 


Ethyl propionate, CsHy)0». )=84°41. ? = 0°08859. 
| RES ae 90 120 150 180 210 240 260 270 
pS ere 81-46 73-96 66-19 58-16 49-25 37-58 26-05 15-16 
fk ees 80-49 75-17 67-69 59-94 51-82 40-23 27-84 15-65 


Methyl butyrate, C;HO>. v)=84'85. <? = 0°08459. 


O sccccccccccccccccccce 100 130 160 200 230 260 270 280 
L (cale.) ...s.sss000s 80-79 73:28 65-88 55-20 45-26 32-00 25-26 11-77 
Bo GER.) ccccccccceee 77-80 72-37 66-53 57-41 48-08 34-44 26-96 11-16 
, ’ a Tee ‘ 
Methyl isobutyrate, C;HjyO.. vg=84'59. an 0°08643. 
O aidcscccvececsccceces 90 120 150 180 210 240 250 260 
L (cale.) .......c000 77-16 70:24 63-17 55:29 46-49 3410 28-64 21-01 
Ey (GRB.) ncceccscoese 76-32 70-65 64-51 57:19 48-89 36-06 30-17 21-91 


The foregoing table shows that for non-associated substances the 
theory advanced by the authors is in close accordance with the 
observed energy changes, the calculated latent heats seldom vary- 
ing by more than 2 or 3 units from the values obtained by Young. 
In the case of the characteristically “normal” substances, pentane, 
benzene, fluorobenzene, and carbon tetrachloride, the agreement is 
still more satisfactory, the divergences hardly ever amounting to 
1 unit. 

With regard to the remaining substances considered in table IT, 
it may be noted that the differences between calculated and observed 
latent heats show in many cases a systematic variation with 
temperature. For example, the calculated values for most of the 
esters are rather too high at low temperatures and too low at high 
temperatures, whilst for ethyl ether the agreement which is satis- 
factory at higher temperatures becomes less so as the temperature 
falls. Discrepancies of this kind may probably be ascribed to slight 
inaccuracies in the extrapolation of the rectilinear diameter to the 


absolute zero, in Mills’ relation, or in the assumption that 4 is 


constant. 

The numbers for the halogen derivatives of benzene are also 
worthy of note, as, with the exception of those for fluorobenzene, 
the calculated values are all much too high, the mean percentage 
differences between the calculated and the observed latent heats of 


FOR THE LATENT HEAT OF VAPOURS. 743 


benzene, fluorobenzene, chlorobenzene, bromobenzene, and_ iodo- 
benzene being respectively 0°57, 0°92, 3°22, 5°54, and 5°32. These 
results seem to indicate the occurrence of a certain amount of 
molecular association in chloro-, bromo-, and iodo-benzene in the 
liquid state. 

For substances which are considerably associated in the liquid 
state, many of the regularities observed with normal liquids are no 
longer valid. Mills’ relation, (*#) - = f which was used in the 
foregoing calculations, is not true for substances with which the 
association persists up to the critical temperature. The influence of 
changing association also affects in a marked manner the variation 


of 6 with temperature, and in all probability 3 is a variable and 


complex function. In addition, the great curvature of the diameter 
makes the extrapolation to the volume at absolute zero very un- 
certain. In view of these facts, it is not surprising that, as 
table III shows, the latent heats calculated by this method diverge 
widely from those determined by Young’s pressure measurements. 
Although the deductions of this paper give no means of measuring 
molecular association, it seems clear that the lack of agreement 
obtained constitutes a very sensitive method of indicating such a 
condition. 


TaBLeE III. 
Associated Substances. 


Methy! alcohol. Ethyl alcohol. Propyl alcohol. Acetic acid, 


6. L (calc.). LZ (obs.). L (cale.). L (obs.). LZ (cale.). L (obs.). LZ (cale.). L (obs.) 
0 259-93 289-17 — 220-9 —~ — —= _ 
50 252-03 274-14 312-37 216-0 _— _- 181-67 88-14 
100 231-75 246-01 185-02 197-1 196-69 164-0 157-10 92-32 
150 195-56 206-13 133-74 164-7 132-93 135-3 135-76 90-74 
200 168-23 151-84 92-41 116-6 92-39 102-2 115-81 85-55 
250 —- — — — 47°13 50-6 91-64 75-55 
300 —_— _ _— _ — _ 56-44 48-97 


On comparing the values of vg, 5, and . for the normal sub- 


stances considered in tables I and II, a remarkable regularity makes 
itself apparent. As will be seen from the last column of table IV, 


the value of 1 db is almost a constant; that is, the effect of rise of 


v 

0 
temperature on the true molecular volume of all normal substances 
is the same, and amounts to an increase of the van der Waals 


constant ) by about 0°1 per cent. for a rise of temperature of 1°. 
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TaBLe IV. 
db 1 db 3 
_ -—— % EO. 
Substance. Vp = by, b.. dt V) dt 

f M-Pentane .....cceeeeereeeee 80-27 120-30 C-0892 111 
\ 8-Methylbutane .......... 79-95 120-52 0-08804 110 
N-HOXANE .....ccccereereeeee 93-58 143-14 0-09760 104 
By-Dimethylbutane ..... 92-69 139-83 0-09241 100 
n-Heptane ......eceeeeeees 108-79 166-56 0-10701 98 
m-Octane ....cce.-e0- snes 123-85 190-63 0-11732 95 
fe-Dimethylhexane ....... 123-29 188-10 0-11788 96 
cycloHexane ..........6+00++ 79-00 120-07 0-07427 94 
Benzene .......ccccccsesseees 65-19 99-81 0-06166 95 
Fluorobenzene ............- 69-63 105-85 0-06472 93 
Chlorobenzene ............. 79-69 120-46 0-06449 81 
Bromobenzene ...........+. 83-71 126-54 0-06392 76 
Todobenzene .........++++++ 90-05 136-94 0-06503 72 
Carbon tetrachloride .... 70-43 107-54 0-06674 95 
Stannic chloride .......... 87-28 136-03 0-08239 94 
Ethyl ether ................ 72-37 110-14 0-08091 112 
Methyl formate ............ 43-59 66-93 0-04793 110 
Ethyl formate ............. 57-89 89-06 0-05922 102 
{ Methyl acetate ............ 57-82 88-63 0-06080 105 
Propyl formate...........+- 71-22 110-38 007281 102 
Ethyl acetate ............. 70-98 110-70 0-07593 107 
Methyl propionate ....... 70-36 109-22 0-07326 104 
Propyl acetate ............. 85-61 133-48 0-08716 102 
Ethyl propionate ......... 84-41 132-77 0-08859 105 
\ Methyl butyrate............ 84-85 131-74 0-08459 100 
Methyl isobutyrate ....... 84-59 131-31 0-08643 102 

The halogen derivatives of benzene again show an anomalous 

behaviour, giving much smaller values of : = than any of the 

% 


other substances investigated, a further indication that these sub- 
stances are not wholly unassociated. 


Summary. 


(1) A method has been described by which the latent heats of 
vapours can be calculated from the volume relations of the sub- 
stances in the liquid and gaseous states. 

(2) The latent heats of non-associated substances calculated in 
the manner described agree satisfactorily with the values of Young. 

(3) The values of the van der Waals constant 6, and its varia- 
tion with temperature, have been found for twenty-six normal 
substances, and it has been shown that for non-associated substances 
34 5, approximately constant. 

v, dt 

(4) The halogen derivatives of benzene show anomalies which 
can be explained by the assumption that they are associated to a 
certain extent. 


Sir LRoLINE JENKINS LABORATORY, 
Jesus CoLLEGE, OxFoRD. 


~ " . 
pci et Nana a ARE 


KENNER AND MATHEWS: 2-HYDRINDAMINE. 


LXXV.—2-Hydrindamine. 
By James Kenner and Anniz Moore Martuews. 


THE preparation of 2-hydrindamine has been previously carried out 
by Benedikt (Annalen, 1893, 2'75, 355) by reducing the oxime of 
2-hydrindone with sodium amalgam. It is, however, obvious that 
only a very small amount was prepared, as the author only 
described the platinichloride of the base, and the account given of 
the compound was so slight as to be insufficient to justify its 
inclusion in Beilstein’s Handbuch or Richter’s Lexikon. Indeed, 
poor as the yields of amines from the reduction of oximes usually 
are, the application of the method in the present case suffers from 
a further disadvantage owing to the marked tendency of 
2-hydrindone to undergo condensation in the presence of alkali 
(Heusler and Schieffer, Ber., 1899, 32, 32). 

The opportunity has therefore been taken to prepare the amine 
according to the general method of Curtius, since this method has 
been applied successfully to the structurally similar case of dibenzo- 
cycloheptadienylamine (Kenner, T., 1913, 103, 613). Whereas, 
however, in that instance only a small amount of ester accompanied 
the urethane, from which the amine was subsequently produced, 
in its formation from the azide, the proportion of ester formed in 
the present case was about twice as great as that of the urethane: 

R:CO:-N,+ C,H;-OH = R:CO,°C,H, + HNs. 

The papers of Curtius contain no reference to a reaction of this 
kind, but it is stated that carboxylic acids are produced when 
azides are boiled with dilute acids (J. pr. Chem., 1896, [ii], 56, 
275). In our experiments, however, the formation of ester appears 
not to be due to the presence of acid, for the same result was 
obtained when the amount of acid employed was that calculated 
as being necessary for the first stage of the reaction, the conversion 
of hydrazide into azide. 

The structural resemblance of 2-hydrindamine to #A-pheny]l- 
ethylamine was pointed out to us by Professor Barger, and an 
examination of 2-hydrindamine in regard to its physiological 
activity was therefore kindly undertaken by Dr. H. H. Dale. It 
was found that ‘‘2-hydrindamine hydrochloride, when injected 
intravenously in doses of a few milligrams, gives a marked rise of 
blood pressure, resembling in this respect 8-phenylethylamine.” It 
may further be observed that tetrahydro-8-naphthylamine, which 
is still more closely related to 2-hydrindamine than £-phenylethyl- 
amine, is also very active physiologically, and has mydriatic proper- 
ties (Filehne and Stern, Virchow’s Arch., 117, 418). 


a 


746 KENNER AND MATHEWS: 2-HYDRINDAMINE. 


EXPERIMENTAL. 


Ethyl hydrindene-2-carbozylate, 0,8, <Ch!>cH-Co,-0,H,. was 
coe 


prepared from the carboxylic acid by esterification in the presence 
of sulphuric acid. It is a highly refractive, colourless, mobile 
liquid, with an odour reminiscent of that of diethyl malonate, and 
boils at 195°/111 mm.: 
0°1532 gave 0°4259 CO, and 0°1030 H,O. C=75°74; H=7°47. 
C,.H,,0, requires C=75'79; H=7°36 per cent. 

The hydrazide of hydrindene-2-carboxylic acid, prepared from 
the ester in the usual manner, was obtained in white needles, melt- 
ing at 152°5°, and soluble in hot water, chloroform, benzene, or 
acetone, but insoluble in ether: 


0°2146 gave 29°2 c.c. N, at 17° and 746 mm. N=15'8. 
C,»H,,ON, requires N=15'9 per cent. 


2-Hydrindylurethane, C,H<°!2>CH-NH:CO,*C,H,.—A _solu- 
: Y re 2 Vets 


tion of the hydrazide (5 grams) in alcohol (50 c.c.) was rapidly 
cooled to 0°, and treated with a solution of hydrogen chleride 
(1°25 grams) in alcohol (10 ¢.c.). When the hydrazide had been 
converted into its hydrochloride, amyl nitrite (3°8 grams) was 
added, and the mixture allowed to remain at the ordinary tem- 
perature until solution was complete. The liquid was then boiled 
until no more nitrogen was evolved, whereupon the alcohol was 
removed by evaporation. The urethane was precipitated from the 
residual oil by stirring the residue with light petroleum (b. p. 
40—60°), and was purified by crystallisation from light petroleum 
(b. p. 90—120°). It separated in rectangular plates, which melted 
at 67°: 


0°2070 gave 12'8 c.c. N, at 20° and 740 mm. N=7°04. 
C,.H,,O.N requires N=6°83 per cent. 
The yield obtained in this way was small, and indeed, in some 
experiments which were carried out as far as possible in the same 
manner, none of the urethane could be isolated. 


2-H ydrindamine, OH <p ON H,, was obtained in the form 
7s 


of its hydrochloride when the urethane was heated with concen- 
trated hydrochloric acid under pressure at 150° for six hours, and 
the resulting solution evaporated to dryness on the water-bath. 
When the oil, referred to in the preparation of the urethane, had 
been treated similarly with hydrochloric acid, hydrindenecarboxylic 
acid accompanied the hydrochloride, and was separated from the 
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solution by filtration. The hydrochloride of the base was then 
isolated as before. In all, 8 grams of hydrochloride and 17 grams 
of acid were obtained from 30 grams of hydrazide. 

The base was prepared from its hydrochloride in the usual 
manner, and obtained as a colourless, mobile oil, boiling at 
229°5°/753 mm. On exposure to the air, prismatic crystals of the 
carbonate appeared, and the main portion of the liquid assumed a 
deep purple colour. A picrate was precipitated in yellow prisms, 
melting and decomposing at 239°, on treating the amine with an 
alcoholic solution of picric acid. By the action of nitrous acid, 
the base was converted into a tarry product, in which the presence 
of 2-hydrindone was recognised by its odour. 

Owing to the changes it underwent on exposure, the base was 
analysed in the form of the hydrochloride, which separates from 
concentrated hydrochloric acid solution in colourless, glistening 
plates, melting at 240—241°, but remaining undecomposed 
at 290°: 


0°2008 gave 14°5 c.c. N, at 20° and 745mm. N=8'28. 
C,H,,N,HCl requires N =8°26 per cent. 


This salt is extremely soluble in water, as are also the sulphate, 
nitrate, oxalate, iodide, bromide, and phosphate. 

The platinichloride crystallised in accordance with the statement 
of Benedikt (loc. cit.) from aqueous solution in _ golden-yellow 
leaflets, which did not melt below 300°: 


0°3500 gave 0°0998 Pt. Pt=28°51. 
(CjH,,N),H,PtCl, requires Pt=28°84 per cent. 


The acetyl derivative crystallises from its concentrated solution 
in dilute alcohol in needles, which melt at 126—127°: 


0°1654 gave 12°0 c.c. Ng at 20° and 742 mm. N=8°'29. 
C,,H,,0N requires N = 8°48 per cent. 


The benzoyl derivative, prepared by the Schotten-Baumann 
method, separated from dilute alcohol in irregular plates. It 
melted at 155°, and was much less soluble in alcohol than the acetyl 
compound : 


0°1408 gave 7°5 c.c. N, at 17° and 726 mm. N=6°02. 
C,,H,;0.N requires N=5'94 per cent. 
The phenylthiocarbamide derivative forms hexagonal prisms, 
which melt at 182°, and are only moderately soluble in alcohol : 


0°2008 gave 19°2 c.c. No at 23° and 737 mm. N=10°75. 
C,,H,,N,S requires N=10°45 per cent. 
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The o-chlorotoluene-p-sulphonyl derivative crystallises from alcohol 
in hexagonal plates, which melt at 139—140°: 
0°1248 gave 5°0 c.c. N, at 17° and 743 mm. N=4'62. 
C,¢H,,0,.NCIS requires N =4°36 per cent. 


Tae UNIVERSITY, 
SHEFFIELD. 


LXXVI.—The Viscosities of Some Binary Liquid 


Mixtures Containing Formamide. 


By Ernest Wynpuam Merry and WILLIAM ERNEST STEPHEN 
TURNER. 


THE objects of this research were two, namely: (1) to test whether 
the mixtures of the aliphatic amides with water had viscosities 
rising to a maximum, like those of the aliphatic acids from acetic, 
upwards; and (2) to compare the behaviour of formamide and 
water when mixed with a second liquid in common. 

The first of these objects was not fully attained, but deserves 
some reference. We were led to study the viscosity in consequence 
of some interesting and unexpected results obtained when measuring 
the molecular weights in aqueous solution of a number of aliphatic 
amides and their derivatives (Meldrum and Turner, T., 1908, 93, 
876; 1910, 97, 1805). Later on, acetic, propionic, and n-butyric 
acids, which give viscosity curves containing a maximum point 
(Tsakalotos, Compt. rend., 1908, 146, 1146), were also found, like 
the amides, to give abnormally high molecular weights in aqueous 
solution (Peddle and Turner, T., 1911, 99, 685). As Tsakalotos 
concluded that the abnormal viscosities were due to hydration, a 
conclusion which we were not prepared to accept on the basis of 
the molecular-weight measurements, a study of the viscosities of 
aqueous solutions of amides appeared, therefore likely to afford 
interesting results. 

Acetamide and propionamide, although very soluble in water at 
25°, are not completely miscible with this solvent until a temper- 
ature near their melting points is reached. Attempts were made 
to measure the viscosities both at 85° and at 60°, but had to be 
abandoned owing to the slow hydrolysis of the substance in solution. 
During the course of the work, Dunstan and Mussell (T., 1910, 97, 
1935) published the results of similar measurements made at 25°, 
and since these results appeared to be as nearly complete as could 
possibly be hoped for, our measurements in this direction were 
discontinued. Dunstan and Mussell’s viscosity curves, it appears 
to us, make it reasonably certain that no maximum point would be 
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attained with acetamide and propionamide solutions, and that 
these amides consequently differ from acetic and propionic acids. 

The second object has been successfully attained, namely, that 
of contrasting the viscosities of mixtures containing formamide 
with those containing water. Whatever test be applied, both these 
substances must be regarded as highly associated (Turner and 
Merry, T., 1910, 9'7, 2069; Walden, Zeitsch. physikal. Chem., 1910, 
75, 555; Meldrum and Turner, Joc. cit.), and in this respect, and 
in their high dielectric constants and ionising power and their 
solvent action on salts, formamide and water are closely alike. 
We have thought it of interest to extend this comparison to other 
properties, giving an account here of the changes of viscosity ob- 
served when formamide is mixed with water, methyl alcohol, ethyl 
alcohol, formic, acetic, propionic, and n-butyric acids, substances 
which, in aqueous solution, had already been studied. Measure- 
ments have been carried out at two temperatures, 25° and 40°, with 
the formamide mixtures. 

The selection of water, the alcohols, and the acids was made with 
a definite object, for all of them are associated liquids, and in our 
opinion the effect on the viscosity of mixing two associated liquids 
required further study, and the results must have a bearing on the 
value of viscosity measurements as a means of detecting the 
formation of compounds. 

Fig. 1 represents the viscosity curves of the mixtures containing 
water, methyl and ethyl alcohol respectively, with formamide. The 
course of the curves departs but little from the straight line, the 
curvature at 40° being small, so that the formamide solutions of 
the alcohols, methyl and ethyl, differ from the corresponding 
aqueous solutions the viscosity curves of which rise to maximum 
points. We have found no distinct advantage in plotting fluidity 
in place of viscosity, for whereas the curvature is slightly reduced 
for the mixtures containing water and the alcohols, the minimum 
in the acid mixture curves is as pronounced as the maximum in the 
viscosity curves (compare Drucker and Kassel, Zeitsch. physikal. 
Chem., 1911, 76, 367). 

In each of the three cases above, the viscosity observed is less 
than the calculated, giving rise to sagged curves, but the densities 
are greater. The maximum deviations at 25°, and the concentra- 
tions at which they occur, are given below, , and p, being the 
observed viscosity and density, and », and py the calculated values. 


Mols. per Mols. per 
cent. form- cent. form- 
Mixture. Ny — 1) amide. Pi — Po- amide. 
Formamide—Water ............ — 0-00969 40 +-0-0070 29 
Formamide—Methyl alcohol... —0-00720 55 +0-0175 47 


Formamide-Ethyl] alcohol .... —0-00215 40 + 0-0090 50 
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These values were obtained by drawing graphs of the deviations 
at different concentrations, and three points concerning them are 
to be observed, namely, (1) whereas the observed viscosities are less 
than the calculated, the reverse holds for the densities; (2) water 
has the greatest viscosity, but least density deviation; (3) there is 
a well-marked order in the viscosity deviations, the greatest being 
with water, the least with ethyl alcohol. 
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This third fact raised the question whether for higher alcohols, 
the deviation might change from negative to positive, and lead 
ultimately to a maximum point. The answer to this question was 
supplied in another paper published during the course of the work, 
namely, in that of Drucker and Kassel (Joc. cit.), who included in 
the list of substances the fluidities of which were examined, the 
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mixture of formamide and isoamyl alcohol. This mixture gives 

rise to a curiously-shaped curve which we have plotted, converting 
Drucker and Kassel’s fluidities into viscosities, and their values of 
the composition into molecular percentages of formamide, As will 
be seen, the curve contains a slight minimum and a pronounced 
maximum point, the latter occurring at a molecular percentage of 
about 66 per cent. of formamide, the point at which maxima occur 
also in the formamide—acid mixtures to be presently described 

The interpretation of such maximum points has been a matter 
of considerable discussion during the past few years, but there can 
be, in our opinion, no doubt that the presence of maxima is in 
many cases to be explained by the existence of a compound formed 
between the constituents of a mixture (see particularly Thole, 
Mussell, and Dunstan, T., 1913, 103, 1108). This mode of ex- 
planation receives its main support from the similarity of results 
obtained by the much more trustworthy freezing-point curve 
method. The results we have now brought forward, however, afford 
evidence of the fact that maxima are obtained in cases other than 
of chemical combination, for there is no evidence that will lead us 
to believe that isoamyl alcohol will form a compound with form- 
amide when the lower and more active alcohols will not. The 
maximum point observed appears to be due to a cause which is 
already in operation with the aqueous mixture, increasing rapidly 
as one passes along the series of alcohols, and this cause does not 
appear to be chemical combination. 

According to Tsakalotos (loc. cit.), compounds are formed 
between water and acetic, or propionic, or 7-butyric acid containing 
one molecule of each component, because in each case the viscosity 
curve rises toa maximum. The formic acid mixtures, on the other 
hand, all have a viscosity lower than the calculated value, and 
Tsakalotos concluded that no compound is formed in this case. The 
absence, however, of a compound between formic acid, the most 
active of the series, and water is scarcely to be expected when 
the other members of the series enter into combination. Further, 
the fact that the freezing-point curve of acetic acid and water 
indicates no formation of a hydrate (Kremann, Sitzwngsber. K. 
Akad. Wien, 1907, 116, 795), and that Jones and Getman (Amer. 
Chem. J., 1904, 32, 308) could find no evidence, from cryoscopic 
determinations of molecular weight, of combination between these 
substances, cast considerable doubt on the conclusions of Tsakalotos. 
On considering his results, we find a parallel with those obtained 
for formamide and the alcohols, in that, as we proceed up the 
homologous series, the deviation of the viscosity from the mixture 
rule becomes more and more pronounced. 
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Turning now to the formamide-acid set of our own data, we find 
closely similar behaviour. Leaving the formamide—formic acid 
mixture out of account for the moment, each curve shows a maxi- 
mum, increasing in sharpness of definition as we pass up the series. 
Rise of temperature from 25° to 40° has the usual effect of flattening 
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the curves and tending to produce a shift of the maximum point. 
Formamide and formic acid solutions, like the aqueous solutions of 
the acid, do not show a maximum, but there is a difference, in 
that the viscosities are always greater than the calculated values. 
The differences between the calculated and observed values for a 
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few of the concentrations in each case are given in the subjoined 
table, y) being the calculated, 7, the observed viscosities: 


Formamide—Formic Acid. Formamide—A cetic Acid. 


Mols. , Mols. 
per cent. 1 — Nos per cent. hy — No» 
form- r - —~ form- r 2 ~ 

25°. 40°. amide. 25°. 40°. 

+0-00374 +0-00252 21-05 +0-01243 +0-00819 
0-00549 0-00399 40-11 0-01899 0-01136 
0-00587 0-00446 50-18 0-02044 0-01205 
0-00550 0-00409 59-44 0-01820 0-01084 
0-00313 0-00215 79-61 0-01309 0-00869 


Formamide—Propionic Acid. Formamide—n-Butyric Actd. 


19-49 +0-02033 +0-01190 30-13 +0-03375 +0-02027 
39-79 0-03971 0-02260 50-27 0-06243 0-03752 
49-76 0-04580 0-02750 59-96 0-06993 0-04073 
59-87 0-04840 0-02960 70-11 0-06634 0-03946 
73-38 0-04670 0-02880 85-70 0-04415 0-02683 


The question whether formamide and the aliphatic acids form 
compounds is rendered less capable of being satisfactorily tested by 
viscosity measurements in viev of the foregoing considerations. Of 
external evidence, there is a certain amount which makes combina- 
tion more probable than in the case of these acids and water. 
Thus, whereas water forms hydrates of definite existence with 
hydrochloric, hydrobromic, and hydriodic acid only at low temper- 
atures, compounds with formamide and other amides are much more 
stable, and can be isolated at laboratory temperature, compounds 
such as H-CO-NH,,3HCI (Rohler, Zeitsch. Llektrochem., 1910, 16, 
419), 2H-CO-NH,,HBr (Walden, Bull. Acad. Sci. St. Pétersbourg, 
1911, 1055), and 2CH,-CO-NH,,HC1 (Titherley, T., 1901, 79, 413. 
See also Sestini, Zeztsch. fiir Chem., 1871, [ii], 7, 34). 

So far as the viscosity curves themselves are concerned, the 
actual composition of a compound is not always indicated by the 
maximum point. Rather, the position of maximum deviation be- 
tween the calculated and observed values is to be taken as indicating 
the composition (Findlay, Zeitsch. physikal. Chem., 1909, 69, 203; 
Denison, Trans. Faraday Soc., 1912, 8, 20), and Denison has shown 
that with ethyl alcohol the composition so arrived at is independent 
of the temperature. On this basis we have the following evidence 
in regard to the formamide—acid mixtures, the maximum deviations 
both of viscosity and density being the values at 25°, calculated 
from graphs for the whole range of concentration. All com- 
positions are in terms of molecules per cent. of formamide. 
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Formamide—Formic Acid. 


Viscosity: greater than calculated, but no maximum. 
Viscosity deviation: maximum at 50 per cent. 
Density deviation: maximum at 40 per cent. 

There is possibly a compound, H-CO-NH,,H-CO,H. 


Formamide—A cetic Acid. 


Viscosity: maximum at 64—65 per cent. 
Viscosity deviation: maximum at 50 per cent. 
Density deviation: maximum at 43 per cent. 
The evidence may indicate formation of a compound, 
H-CO-NH,,CH,:CO,H, 
resembling the one with formic acid. 


Formamide—Promonic Acid. 


Viscosity: maximum at 70 per cent. 

Viscosity deviation: maximum at 63 per cent. 
Density deviation: maximum about 65 per cent. 
A possible compound, 2H-CO-NH,,C,H,-CO.H. 


Formamide—-n-Butyric Acid. 


Viscosity: maximum at 63 per cent. 

Viscosity deviation: maximum at 65 per cent. 

Density deviation: maximum about 75 per cent. 

A compound of the formula 2H°CO-NH,,C,;H,-CO,H may be 
present. 

The fact that the compounds indicated are not all of the same 
general formula is no evidence against their existence in view of 
the variable composition of similar compounds with the halogen 
acids (compare the hydrochloride and hydrobromide). 

We must remark, however, that on the basis of the viscosity data 
alone, we should not be prepared to accept the existence of the 
compounds mentioned above, but the existence of similar compounds 
with the halogen acids does provide external evidence of their 
probable formation. We have endeavoured to obtain direct 
evidence by attempting to isolate such compounds by freezing out, 
but so far without success. Their isolation is the only satisfactory 
test. 

We conclude, therefore, from our investigation, that (1) the 
viscosities of formamide with methyl and ethyl alcohols differ from 
those of water and these alcohols in possessing no maximum point, 
and in departing but little from the calculated values. 
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(2) The viscosity curves of the formamide-aliphatic acid mix- 
tures closely resemble those of the corresponding aqueous solutions. 

(3) Maximum points on viscosity curves are not always to be 
accounted for on the assumption of compound formation. For 
this reason, a viscosity determination by itself is not a trustworthy 
method of testing compound formation in solution. 

(4) With mixtures of associated liquids, the viscosity departs 
more and more from the calculated values as one ascends a homo- 
logous series, one of the constituents of the mixture being the same 
throughout. Four such series are now known, namely, water and 
the alcohols, water and the aliphatic acids, formamide and the 
alcohols, formamide and the aliphatic acids. 

As a further test of (3) and (4), we hope to study mixtures of 
formic acid with the higher members of the same series, and the 
amides in like manner. 

We should like to call attention to one other matter, namely, the 
discrepancy between the viscosity and density results. The view 
has been advanced by Denison (loc. cit.) that the study of the 
variation of any property of a mixture may serve as a guide in 
determining constitution. Density has already been made the basis 
of tests: of constitution, notably in connexion with alloys. In the 
mixtures we have examined, the viscosities and densities are not 
always in agreement. Further, cases are known in which both the 
density and the viscosity curves rise to a maximum, but at different 
concentrations. The aqueous solution of acetic acid (Tsakalotos, 
loc. cit.) and the mixture of aniline and acetic acid (Thole, Mussell, 
and Dunstan, Joc. cit.) are cases in point. As the determination 
of viscosity requires also a density determination, we would suggest 
to future investigators the desirability of making the latter meas- 
urement as accurate as possible in order to provide a basis of 
comparison, and, if possible, a correlation of the two properties. 


EXPERIMENTAL. 


The determinations of viscosity were carried out in viscometers 
of the Ostwaid type, in which the capillary had a bore of about 
0°3 mm., and a bulb of capacity about 6—7 c.c. Measurements 
were carried out at two temperatures, namely, 25° and 40°, and in 
order to keep the head of liquid the same for each temperature, 
two constrictions were made in the tube, one above the outflow 
bulb, the other below the receiving bulb. Before commencing an 
experiment, the liquid was adjusted so that the two levels coincided 
with these marks, excess being removed by capillary tubes. A 
guard tube of anhydrous calcium chloride was attached to the 
apparatus to prevent the admission of moist air. 
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The time of outflow from the tube was considerable, allowing 
accurate measurements to be made. Thus, for the two tubes with 
which the experiments were begun, the times of outflow were 405 
and 300 seconds with the first tube, at 25° and 40° respectively, 
and 524 and 388°2 seconds with the other. Most of the liquid 
mixtures had a considerably greater time of flow than these, the 
mean time required at 25° by the mixture of 60 per cent. of 
formamide and 40 per cent. of butyric acid being as high as 
5204°9 seconds. 

Of the formamide employed in the measurements, many samples 
were worked up. The usual treatment of the best commercial 
product was to dry it for some days over anhydrous sodium sulphate, 
to distil it then under diminished pressure, and to fractionate the 
distillate. The density at 25° of fifteen specimens lay between — 
1°1311 and 1:1321 (mainly 1:1312 to 1°1315), one was 1°1327, and 
another, after being kept for some weeks over phosphoric oxide, 
1:1344. Walden, who remarked on the difficulty of obtaining pure 
formamide, first gave the melting point as 1°82°, and the density 
1°1280—1°1288 at 25° (Zeitsch. physikal. Chem., 1906, 54, 129; 
1903, 46, 145). Ina later paper (Bull. Acad. Sci. St. Pétersbourg, 
1911, 1055) he quotes the freezing point as 1°60° to 1°65°, mention- 
ing also a value of 2°1°. We have not been able, by fractional 
freezing, to raise the temperature of melting point above 0°68°. 
The densities of four such fractions obtained were 1°1312, 1°1312, 
1°1313, and 1°1314. In another test, a sample of 500 grams was 
dried over sodium sulphate for five days, and then distilled three 
times under diminished pressure. The freezing point of the pro- 
duct was 0°60°, and remained unchanged when a small sample 
was allowed to remain for twenty-four hours over phosphoric oxide 
and sulphuric acid. The whole of the formamide, purified as above, 
was then fractionally frozen ten times, the six successive and purest 
crops all melting between 0°65° and 0°68°, and two others at 0°55° 
and 0°58°. For the viscosity of formamide at 25°, Walden 
(Zeitsch. physikal, Chem., 1906, 55, 230) found the values 0°0323 
and 0°03202, whilst we find 0°03359. Dunstan and Mussell (loc. 
cit.), we may note, quote the values of 0°0331 and 0°0326 for the 
viscosity and 1°132 for the density at the same temperature. 

The water employed, both in the determinations and for washing 
out the apparatus, was distilled first from permanganate and next 
from alkali. Formic, propionic, and butyric acids and the alcohols, 
after drying, were fractionally distilled, the acids under diminished, 
the alcohols under atmospheric, pressure. The acetic acid, initially 
commercial 100 per cent., was subjected before use to the process of 
Dousfield and Lowry (T., 1911, 99, 1432). 
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As a test of the accuracy and concordance of the measurements, 
it may be mentioned that overlapping experiments with the 50 per 
cent. formamide—water mixture, using different samples of form- 
amide and different viscosity tubes, gave results (1) with 49°97 per 
cent. formamide, densities 1:0939 and 1°0823 at 25° and 40° re- 
spectively, and viscosities 0°01698 and 0°01230. (2) 50°05 per 
cent. formamide, densities 1:0939 and 1°0822, and viscosities 0°01700 
and 0°01232. For formic acid, the first values found were, den- 
sities 1°2132 and 1°1943 at 25° and 40° respectively, viscosities 
0°01598 and 0°01200. Three years later, with different material 
and apparatus, densities 1°2133 and 1°1943, viscosities 0°01599 and 
0°01201. 

The densities in all cases were determined in specific gravity 
bottles of approximately 10 c.c. capacity. The values of the vis- 
cosity of water, indicated below by italics, are those of Thorpe and 
Rodger. 


Results. 


Formamide and Water. 


At 25°. 


~ 


nN. 


0-02906 0-02102 
0-02508 0-01813 
0-02142 0-01545 
0-01927 0-01402 
0-01698 0-01230 
0-01463 0-01091 
0-01315 0-00949 
0-01161 0-00835 
0-01044 0-00734 
0-00891 0:006535 


Formamide and Methyl Alcohol. 


1-1344 — — — 
1-1032 0-02874 1-0906 0-02090 
1-0730 0-02431 1-0605 0-01780 
1-0428 0-02067 1-0302 0-01538 
1-0104 0-01749 0-9978 0-01307 
0-9766 0-01484 0-9638 0-01116 
0-9416 0-01247 0-9285 0-00995 
0-9070 0-01055 0-8940 0-00818 
0-8696 0-00861 0-8562 0-00685 
0-8308 0-00746 0-8172 0-00584 
0-7887 0-00557 0-7749 0-00457 
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100-00 
90-38 
79-61 
70-26 
59-44 
50-18 
40-11 
30-58 
21-05 
10-90 

0-00 


100-00 
97-60 
91-01 
81-15 
73-38 
59-87 
49-76 
39-79 
29-92 
19 49 
10-02 

0-00 


Formamide and Ethyl Alcohol. 


At 25°. 

p- n- 
1-1314 0-03359 
1-0846 0-03054 
1-0457 0-02782 
1-0042 0-02515 
0-9698 0-02259 
0-9335 0-02010 
0-9022 0-01816 
0-8701 0-01563 
0-8401 0-01376 
0-8126 0-01229 
0-7857 0-01086 


Formamide and Formic Acid. 


1-1315 
1-1442 
1-1540 
1-1639 
1-1738 
1-1828 
1-1917 
1-1993 
1-2060 
1-2109 
1-2133 


0-03341 
0-03314 
0-03286 
0-03196 
0-03057 
0-02850 
0-02557 
0-02316 
0-01946 
0-01599 


Formamide and 


1-1318 
1-1284 
1-1198 
1-1146 
1-1122 
1-1015 
1-0938 
1-0847 
1-0755 
1-0621 
1-0463 


0-03824 
0-04146 
0-04316 
0-04341 
0-04217 
0-03864 
0-03481 
0-02855 
0-02001 
0-01280 


Formamide and Propionic Acid. 


1-1327 
1-1297 
1-1250 
1-1185 
1-1083 
1-0852 
1-0699 
1-0549 
1-0391 
1-0222 
1-0059 
0-9885 


0-03838 
0-05590 
0-06920 
0-07190 
0-06980 
0-06480 
0-05670 
0-04445 
0-03368 
0-02150 
0-01035 


At 40°. 

p. ”- 
1-1190 0-02379 
1-0722 0-02174 
1-0332 0-01986 
0-9927 0-01800 
0-9573 0-01622 
0-9209 0-01465 
0-8896 0-01319 
0-8571 0-01145 
0-8271 0-01016 
0-7997 0-00916 
0-7727 0-00821 
1-1310 0-02368 
1-1406 0-02355 
1-1500 0-02342 
1-1593 0-02310 
1-1676 0-02230 
1-1761 0-02065 
1-1828 0-01849 
1-1889 0-01685 
1-1931 0-01429 
1-1943 0-01201 

Acetic Acid. 
1-1151 0-02589 
1-1063 0-02899 
1-1011 0-02903 
1-0983 0-02904 
1-0873 0-02791 
1-0791 0-02589 
1-0687 0-02361 
1-0600 0-02029 
1-0462 0-01462 
1-0294 0-00987 
1-1130 0-03551 
1-1056 0-04480 
1-0954 0-04708 
1-0711 0-04528 
1-0566 0-04160 
1-0408 0-03546 
1-0248 0-02877 
1-0074 0-02231 
0-9906 0-01520 
0-9725 0-00843 
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Formamide and Butyric Acid. 


Mols. 
per cent. At 25°. At 40°. 
form- . A ig r - ~ 
amide. p- n. p- Ne 
100-00 1-1320 —_ — — 
95-10 1-1169 0-04986 1-1044 0-03252 
85-70 1-1100 0-07330 1-0975 0:04779 
79-90 1-0952 0-08510 1-0826 0-05540 
70-11 1-0711 0-09170 1-0584 0-05800 
59-96 1-0505 0-09330 1-0375 0-05800 
50-27 1-0324 0-08410 1-0191 0-05370 
40-31 1-0151 0-07110 1-0019 0-04456 
30-13 0-9988 0-05240 0-9849 0-03461 
20-44 0-9825 0-03534 0-9684 0-02563 
10-43 0-9677 0-02333 0-9536 0-01734 
0-00 0-9528 0-01554 0-9380 0-01227 
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LXXVII.—A Relation between Chemical Constitution 
and Depth of Colour of Dyes. 


By Epwin Roy Watson. 


In a previous investigation (J. Soc. Chem. Ind., 1912, 31, 968) 
attempts were made to deepen the colour* of certain azo-dyes by 
(1) increasing the molecular complexity ; (2) increasing the number 
of chromophores; and (3) modifying the molecule so as to allow of 
two quinonoid arrangements in it at the same time. These efforts 
were only attended with moderate success, and the author was 
impressed by two points, namely, (a) there are dyes with high 
molecular weight, several chromophores, and such constitutions as 
will allow of several quinonoid arrangements at the same time, 
which are yet of a pale colour. On the other hand, some dyes of 
low molecular weight and only one chromophore have quite a deep 
colour. Compare: 

HO-C:[C,H,°N,*C,H;(OH)-CO,H];; M.W.=752; yellow. 

0:C,H,:N-C,H,NH,; M.W.=174; blue. 

(6) In certain groups of dyes it seems impossible to attain deep 
colours, for example, in the group of azo-dyes containing only 
benzene nuclei, the polyhydroxybenzophenones, and the flavones 
and flavonols. 

In the following table there are placed opposite each other in 


* Red, violet, blue, black, and brown are deeper than yellow and orange. 
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the two columns dyes of very similar constitution, which vet show 
remarkable differences in depth of colour: 


Hexahydroxybenzophenone. Anthracene Blue WR. 
(Dyes yellow on alum and (Dyes violet on alum, blue on 
chrome. ) chrome.) 
CoH s(OH)s'CO"CGHAOH); 0:0, (0H), <OO) S008), 
Leather Yellow. 
(Dyes yellow on leather.) Magenta. 
C,H, NH, (Dyes bluish-red.) 
re C,H,°NH, 
H,-NH a 
CoH oe Cotts'NMs CIH,N:C,H,:C-C,H,-NH, 


, . . 
4: 4'’-Diaminoazobenzene. Didnt 


(Yellow.) (Blue.) 
NH,°C,H,°N-N-C,H,-NH, NH:C,H,:N-C,H,-NH, 


Quercetin. 


(Yellow on alum, yellowish- 


brown on chrome.) 
Gallacetein. 


O 
\C-C,H,(OH D iolet b ; 
0,H,(OH). Son s(OH), (Dyes violet on chrome.) 


O 
co \C:0,H,(OH),:0 
0,H,(08),< tn 


Myricetin. C 


\ 
(Dyes similar shades to quercetin.) GH, 


O 

\C-C,H,(OH), 
CoH (OH) Hoty 

CO 

The dyes in the right-hand column can only be represented by 
formule containing a quinonoid arrangement. Whatever tauto- 
meric change they may be supposed to undergo, their formule still 
contain the quinonoid arrangement. Those on the left hand differ 
in that they can be represented by formule not containing this 
arrangement. They can, of course, be supposed to tautomerise into 
forms containing this quinonoid arrangement, but in all cases it is 
possible to represent them also in a non-quinonoid form. 

This led to the theory which is now put forward, namely, that 
those dyes which are quinonoid in all possible tautomeric forms 
exhibit a deep colour. This is true, however simple the molecule 
may be. On the other hand, if there is the possibility of the 
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molecule existing in a non-quinonoid form, it may not attain a deep 
colour, although the molecular complexity may be very considerable. 

A survey of all the better known dyestuffs fully bears out this 
theory. The triphenylmethane dyes, the pyronines, benzeins and 
fluorones, the indophenols, indamines, oxazines, thiazines, azines 
(safranines, etc.), all satisfy this requirement and exhibit deep 
colour, in many cases with little molecular complexity. Hzmatein 
and brazilein conform to this rule. They have almost the same 
molecular weight as the flavones, and there is considerable 
resemblance in their structure; but they conform to this rule, whilst 
the flavones do not, and consequently their colour is much deeper. 
The alizarin series, and also naphthazarin, illustrate the rule. On 
the other hand, the monoketonic dyes, for example, the benzo- 
phenone and xanthone derivatives, the flavones and flavonols, ellagic 
acid and the azo-dyes, can be represented by non-quinonoid 
formule, and many members of these groups, despite very consider- 
able molecular complexity, have no great depth of colour. The 
following formule show the different possible tautomeric forms of 
typical dyes of these groups which illustrate this difference: 


Magenta. 
C,H, NH, O,H,:NH,Cl 
NH,CI:C,H,:G-C,H,NH, = NH,*C,H,°C°C,H,-NH, = 
C,H,:NH, 
NH,:C,H,'0:0,H,:NH,Cl 
Pyronine G. 


NMe,CI:C,H, <0, >C,Hy'NMe, == NMe,-C,Hy< op >CoHy:NMe,Cl 


7 


Trihydroxy phenylfluorone. 
0:0,H,(OH)<CO, >CyH,(OH)}, = C,H, (HO),<Gp, >CsH,(OH)*0 


Indophenol. 
O:C,,H,:N-C,H,-NMe,,HCl = HO-C,,[1,-N:0,H,:NMe,Cl 
Phenylene Blue. 
NH:C,H,:N-C,H,-NH, == NH,°C,H,:N:C,H,:NH 


Nitroso-blue. 


NMe,C1:C,H,<jy>C,HyOH = HCl,NMe,-C,Hy<y>C,Hy:0 
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Lauth’s Violet. 
NH:C,H,<5>0,H, NH, = NH,-C,H,<S>C,H,:NG 


Safranine. 


NH,CI:0,H,Me<yp, >C,H,Me-NH, = 
NH,-C,H,Me<y >, >C,H,Me:NH,CI 
Haematein. 


. H, ’ H, 
0:C_.H.(OH Ye C.H.(OH), = 
a4 
DCH, ( DCH: 
C,H,(OH), C,H,(OH):0 


Anthracene Blue WR. 
C,H(0H),<G0>0,H(OH), == 0:0,H(OH),<C\O#)>0,H(08), 


0:0,H(OH)»<p\0 1) >C,H(OH)_:0 


C(OH) 
Naphthazarin. 
O>C,H,:0,H,(0H), = (HO)_C,H,:0,H,<p 
Hexahydrozybenzophenone. 
0:C,H,(OH),-C(OH)-C,H,(OH), — O;H, ei CO-C,H,(OH), 
C,H,(OH),°C(OH): 0,H,(0H),:0 
Dihydroxyxanthone. 


0 Bi 
0:01, Gon) >CoHs OH = HO-0,H,<oe 9 >O.H, OH = 


HO-C,H<, (OH? CoHls:0 


Quercetin. 


0:0,H you f° Xo. Cc oO), - chs CC oH,(OF) 7 


SO 


C,H,(OH), 


Oo 
JG: , oH, (OH) 0) 


\e 
C: OH 


C,H,(OH), 


Tc eee 


e 
& 
ae 


- 
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Ellagice Acid. 
C(OH)-0 
0:0, (08)Z = OHHOH) re O,E(0H) <—— » 


C(OH)-0 
oregon = >etony0 


CO-0, 


C,H(OH), 


Benzeneazo phenol. 
C,H,*NH-N:C,H,:0 — ©,H,°N:N-C,H,-OH 


To ensure a deep colour, it is not sufficient that the substance 
should merely have a permanent quinonoid structure. (Dihydroxy- 
p-benzoquinone, chloroanilic acid, tetrahydroxy-p-benzoquinone, and 
nitroanilic acid are dyes, but their tinctorial power is slight.) The 
substance must be capable of tautomerising from one quinonoid 
arrangement to another.* 

After this theory had been formed, the question arose as to how 
it could best be put to the test, and this was a matter of consider- 
able difficulty, because so many different types of dyes were already 
known which bore out the theory that it was difficult to think of 
a new type of dyes which could be prepared and examined in order 
to test it. 

The best proof of the theory has been obtained by preparing 
derived dyes of deep colour from quercetin (this vol., p. 389). It 
was predicted that if the ketonic group could be replaced by the 
group CR:OH there would then result a loss of a molecule of 
water with the production of dyes of deep colour. This has been 
effected by the action of (a) sodium amalgam; (6) dimethylaniline 
in the presence of phosphoryl chloride; (c) magnesium ethyl iodide 
on the pentaethyl ether, followed by de-ethylation, dyes of deep 
colour being thus produced : 


ie C-C,H;(OH Je 
C(C,H,°NMe,):C-OH 


0:C,H,(OH)< 


0:0,H,(OH 


O—C-0,H,(0H), 
VEt'C-OH 

* It has been pointed out that dihydroxy-p-benzoquinone and similar dyes are 
capable of tautomerising from one quinonoid form to another and therefore form 
an exception to the rule which is put forward. The further proviso that different 
benzene nuclei must alternately become quinonoid would overcome this objection. 
There seems undoubtedly to be a connexion between the depth of colour of dyes and 
the length of the chain of alternate double and single bonds in the quinonoid form 
(as is mentioned later in the paper) ; this further proviso would ensure a chain of 
considerable length. 
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Biilow assigns a very similar formula to gallacetein, and states 
that this dyes violet on chrome, but at the time the prediction was 
made, the author was unaware of Biilow’s views on the constitution 
of this colouring matter. Moreover, the genetic connexion estab- 
lished between the new dyes and quercetin shows in a very striking 
manner that when the conditions required by the theory are ful- 
filled, a deeper colour is at once obtained. 

It should be clearly understood that no assertion has been made 
about the colour of dyes which have possible non-quinonoid forms. 
It is well known that some of these have deep colours, for example, 
some of the bisazo- and trisazo-dyes, gallein, indigo, etc. No single 
rule can be laid down as to the relation between depths of colour 
and constitution in all cases; however, the following comments may 
be made: 

(a) Dyes which have a long chain of alternate double and single 
bonds in the quinonoid form are generally deep-coloured. 

A suggestion somewhat of this nature was made by Hewitt (T., 
1907, 91, 1257) with reference to the depth of colour of certain 
azo-dyes. He, however, made certain restrictions as to the way in 
which the length of the chain was to be reckoned—“ in estimating 
the number of such alternate double and single linkings, when a 


benzene nucleus is encountered, one is only justified in following 
the structure round one side of the ring until the para-position is 
reached ”—and immediately (Joc. cit., p. 1258) disregarded his own 
convention by counting the chain all round a naphthalene nucleus, 
thus 


The restriction that the chain is to be estimated only in quinonoid 
forms obviates the difficulty which would otherwise arise from the 
fact that naphthalene is colourless, yet possesses a fairly long chain 
of alternate double and single bonds. 

A list of typical dyes arranged according to the length of the 
conjugate chain computed by this rule shows the extent of its 
applicability. The longest possible chain has been taken in each 


case. 
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Dyes which are Permanently Quinonoid. 


Number of 
double bonds 
Name. in the chain Colour. 

Dihydroxy-p-benzoquinone . 4 Yellow 
Magenta 6 Bluish-red 
Aniline blue 6 Blue 
Rr aa 6 Red 
Lauth’s violet 6 Violet 
Haematein 6 Blue 
Erythrin 6 Bluish-red 
Nitroso-blue 6 Blue 
Naphthazarin 6 Black 
OS EE I Eto r rae 7 Crimson 
Alizarin 8 Red 
Anthracene Blue WR S Blue 
Indanthren . 9 Blue 


Dyes which are not Permanently Quinonoid. 


Number of 
double bonds 
Name. in the chain. Colour. 


Benzeneazophenol . : Yellow 
Alizarin Yellow FS. : Yellow 
Ellagic acid ‘ Yellow 
Leather Yellow ) Yellow 
Dihydroxyxanthone j Yellow 
Orange IL 5 Orange 
Fluorescein . Yellow 
Yellowish-red 
: Violet 
2:3:4:2’-Tetrahydroxybenzophenone Yellow 
Quercetin Yellow 
Biebrich Scarlet ¢ Red 
Indigo . Blue 
Naphthol Black B. Black 


(5) In the case of dyes which can be represented in both 
quinonoid and non-quinonoid forms, the relative stability of these 
forms influences the colour, which is deeper the greater the relative 
stability of the quinonoid form. 

There is at present no trustworthy general method for deter- 
mining this relative stability. A very large number of confiicting 
papers in the scientific journals show that it is almost impossible 
to arrive at any conclusion by chemical methods, nor has the study 
of physical properties proved much more satisfactory. However, 
the following cases perhaps give some support for the above 
generalisation. Rhodamine 3B, which is rhodamine B with the 
carboxyl group esterified, dyes exactly the same shades as 
rhodamine B. Similarly, ethyl eosin, which is eosin with the 
carboxyl group esterified, dyes exactly the same shades as ecsin. 
Now rhodamine 3B and ethyl eosin can only exist in quinonoid 
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forms, and therefore come under the rule that those dyes which 
are quinonoid in all possible tautomeric forms exhibit a deep colour. 
Rhodamine B and eosin, although it is theoretically possible for 
them to assume a non-quinonoid, namely, the lactone, form, 
evidently do not avail themselves of this opportunity, or they 
could not have exactly the same colours as rhodamine 3B and ethyl 
eosin respectively. Similarly, dihydroxyfluorescein from hydroxy- 
quinol (Ber., 1901, 34, 2299) dyes exactly the same shades (K. N. 
Ghosh and E. R. Watson, P., 1913, 29, 9) as the trihydroxypheny]l- 
fluorone (Ber., 1904, 37, 1171), also prepared from hydroxyquinol. 
The latter cannot assume a non-quinonoid form, and since 
dihydroxyfluorescein has exactly the same colour, it follows that it 
does not assume the non-quinonoid form either. Gallein and pyro- 
gallolbenzein dye exactly the same shades (K. N. Ghosh and E. R. 
Watson, loc. cit.) as one another, and although there is some doubt 
about the constitution of the benzeins, recent work (see this vol., 
p- 251) tends to show that they are phenylfluorones, in which case 
the same argument may be applied to prove that, although gallein 
may theoretically assume a non-quinonoid form, it actually confines 
itself to the quinonoid. The deep colour of eosin, rhodamine B, 
dihydroxyfluorescein, and gallein is therefore advanced as some 
argument in favour of this rule. 

(c) Increasing the number of auxochromes in a dye frequently 
deepens the colour very considerably (see H. Kauffmann, “ Ueber 
den Zusammenhang zwischen Farbe und Konstitution,” p. 26). 

This fact is responsible for some irregularities in the foregoing 
list of dyes, arranged according to the length of the conjugate 
chain ; for example, anthracene blue WR has a much deeper colour 
than alizarin, because it contains additional auxochromes, although 
the length of the conjugate chain is the same in both. The same 
may be said of gallein and fluorescein. On the other hand, the 
multiplication of auxochromes in the benzophenone and flavone 
groups has very little effect on the colour. These facts cannot at 
present be explained by any more general rule. 

(zd) The alkylation or arylation of amino-groups, or the replace- 
ment of a hydroxyl by an alkylated or arylated amino-group, 
generally causes a considerable deepening of colour, as, for example, 
in the rosaniline series. It was the study of cases of this kind 
which led to Nietzki’s rule. The effect, however, is by no means 
simply due to the increase in the weight of the molecule, as a much 
greater increase in the weight produced by the introduction of 
additional groups or radicles to other parts of the molecule fre- 
quently produces very little deepening of colour. This rule cannot 
at present be correlated with any other. 
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The theory put forward in this paper explains in a simple 
manner the yellow colour of auramine compared with the blue and 
green colours of the diphenylmethane and diaminotriphenylmethane 
dyestuffs, and dispenses with the remarkable explanation recently 
put forward by Straus and Zeime (Ber., 1913, 46, 2267), accord- 
ing to which this is a “yellow of the second order.” The diphenyl- 
methane and diaminotriphenylmethane dyes are quinonoid in all 
their tautomeric forms, and have therefore a deep colour. 
Auramine can be represented in a non-quinonoid form, 
NMe,°C,H,°C(‘NH)-C,H,-NMe,,HCl, 

and it is therefore not at all surprising that it should have a pale 
colour. Its constitution is very similar to that of the colourless 
Michler’s ketone. 

In fact, it seems doubtful whether the conception of “colours of 
the second order” (Straus and Zeime, Joc. cit.; Piccard, Ber., 1913, 
46, 1843) is necessary to explain known facts. It is open to ques- 
tion whether green should be considered a deeper colour than blue. 
The green colour of malachite green and iodine green is perhaps 
due to the fact that these substances can only vibrate between two 
tautomeric forms, instead of three, as in the case of magenta, 
aniline blue, etc.; and with the green and yellow meri-quinonoid 
salts obtained by Piccard (loc. cit.) by the partial oxidation of 
tetraphenylphenylenediamine and _ tetraphenylbenzidine, respec- 
tively, excessive phenylation has possibly prevented ionisation, and 
consequently also inhibited oscillation from one quinonoid form to 
another. 


Dacca COLLEGE, 
E. BENGAL, INDIA. 


LXXVIII.—The Constituents of the Leaves and Stems 
of Daviesia latifolia. 
By Freperick Betpine Power and ArtHur Henry Satway. 


Daviesia latifolia, R. Br. (Nat. Ord. Leguminosae), is a shrub which 
attains a height of about 60 to 90 cm. It is indigenous to 
Victoria, Australia, mostly south of the dividing range, where it is 
generally found on small mountain ridges, but is also said to occur 
in parts of Tasmania and New South Wales. In the districts 
where it grows it is known as the ‘‘ Native Hop Bush,” a designa- 
tion which is supposed to have been given it on account of the 
bitter taste of the leaves, which resembles that of the hop, rather 
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than to any similarity in appearance to the common hop plant 
(Humulus Lupulus, L.). An infusion of the leaves is considered 
to possess the properties of a tonic, diuretic, and hepatic stimulant, 
and is also said to be used as a remedy for hydatids and low fevers. 

Some years ago attention was particularly directed to the above- 
mentioned species of Daviesia by J. Bosisto (Pharm. J., 1898, 60, 
187), who, by the simple method of evaporating an aqueous infusion 
of the leaves, had obtained a small amount of a bitter, crystalline 
substance. This was subsequently examined by Paul and Cownley 
(loc. cit.), who were led to conclude from the results of their ex- 
amination that it was either of a glucosidal character or of the 
nature of a plant sugar, and considered that its persistent bitter 
taste, after recrystallisation from water, was in favour of its being 
a glucoside. Their observation that the substance appeared to be 
unchanged when precipitated from its solution in aqueous sodium 
hydroxide by acids could, however, not have been correct, as the 
present investigation has shown. 

The crystalline, bitter substance contained in the leaves and 
stems of Daviesia latifolia has now been obtained in considerable 
quantity by the present authors. It is not properly a. glucoside, 
but a dibenzoyl derivative of a new disaccharide, containing both 
a dextrose and a xylose complex, and possesses the empirical 


formula C,;H,,0;.,H,O. Such a compound has not hitherto been 
known to occur in nature, and, in accordance with its composition, 
it has been designated dibenzoylglucorylose. The various other 
substances isolated in the course of the present investigation are 
enumerated at the end of this paper. 


EXPERIMENTAL. 


The plant under consideration was kindly brought to our notice 
by Dr. E. Gutheil, of Ballarat, Victoria, Australia, who also sent 
specimens of it. A large amount of material, consisting of the 
stems, with leaves, flowers, and fruit attached, was subsequently 
specially collected for us in Victoria during the latter part of the 
year 1912. After being carefully dried in the air it amounted to 
about 45 kilograms. 

A small portion (10 grams) of the ground material was first 
tested for the presence of an alkaloid, but with a negative result. 

Another portion (25 grams) of the ground material was 
successively extracted in a Soxhlet apparatus with various solvents, 
when the following amounts of extract, dried at 100°, were 
obtained : 
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Petroleum (b. p. 35—50°) extracted . 33 gram = 
Ether 0-85 
Chloroform 0-75 
Ethyl] acetate 1-17 
Alcohol 3-29 


Total 6-39 grams= 25-56 per cent. 


For the purpose of a complete examination, 38°9 kilograms of 
the ground material were extracted by continuous percolation with 
hot alecchol. After the removal of the greater portion of the 
alcohol, a viscid, dark-coloured extract was obtained, amounting to 
14°5 kilograms. 


Distillation of the Extract with Steam. Separation of an 
Essential Oil. 


Two kilograms of the above-mentioned extract were mixed with 
water, and the mixture was distilled in a current of steam. On 
extracting the distillate with ether, about 1 gram of a pale yellow 
essential oil was obtained, which gradually deposited some colour- 
less crystals on keeping. The latter were collected and recrystal- 
lised from water, when the substance separated in glistening 
leaflets, melting at 121°, and was identified as benzoic acid. In 
order to effect its complete removal from the essential oil, the latter 
was dissolved in ether, the ethereal liquid being then washed 
successively with aqueous sodium carbonate and water, dried, and 
the solvent removed. After this treatment the essential oil dis- 
tilled between 200° and 220°, and was obtained as a pale yellow 
liquid, possessing a pleasant, aromatic odour. It was tested for 
the presence of furfuraldehyde, but with a negative result. 

After the distillation of the extract with steam, as above 
described, there remained in the distillation flask a straw-coloured, 
aqueous liquid (A), and a quantity of a green, soft resin (B). 
These products, when cold, were separated by filtration, and the 
resin well washed with water, the washings being added to the 
main portion of the aqueous liquid. 


Examination of the Aqueous Liquid (A). 


The aqueous liquid was repeatedly extracted with ether, the 
combined ethereal extracts being dried, and the solvent removed. 
The residue, amounting to 25 grams, consisted of a pale green, 
crystalline solid, which was evidently a mixture of substances. 


Isolation of Benzotc, Salicylic, and p-Coumaric Acids. 


The above-mentioned crystalline solid was redissolved in ether, 
and the ethereal liquid shaken with aqueous ammonium carbonate 
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until nothing further was removed. On acidifying the alkaline 
liquid, it yielded about 20 grams of a crystalline solid, which was 
found to consist largely of benzoic acid, together with small amounts 
of other acids. In order to separate these substances, the mixture 
was subjected to distillation in a current of steam. The distillate 
was then extracted with ether, and the ethereal liquid evaporated, 
when 7 grams of an acid were obtained, which crystallised from 
water in glistening leaflets, melting at 121°. This substance was 
identified as benzoic acid. (Found, C=686; H=5°0. Calc., 
C=68'9; H=4'9 per cent.) 

After the removal of the benzoic acid by distillation in steam, 
as above described, there remained in the distillation flask a semi- 
solid residue of non-volatile acids. These were converted into their 
methyl esters by heating with methyl alcohol in the presence of 
dry hydrogen chloride. The excess of methyl alcohol was then 
removed, water added to the mixture, and the esters extracted with 
ether. The ethereal liquid was first washed with aqueous sodium 
carbonate to remove any unchanged acid, and then with aqueous 
sodium hydroxide. The latter extract, containing any phenolic 
ester originally present in the esterified mixture, was first warmed 
for a short time and then acidified, when 2 grams of a dark-coloured 
solid were precipitated. This was collected, dissolved in hot water, 
and the solution treated with a little animal charcoal. On cooling 
the filtered liquid, colourless needles were deposited, which melted 
at 154—155°. The substance gave a violet coloration with ferric 
chloride, and was identified as salicylic acid. (Found, C=60°9; 
H=4'5. Cale, C=60°9; H=4°3 per cent.) 

The mother liquors remaining after the separation of the salicylic 
acid yielded, on concentration, a small amount of an acid which 
crystallised from water in needles, melting and decomposing at 
210°. In alcoholic solution it gave with ferric chloride a golden- 
brown coloration. (Found, C=65°7; H=4°9. C,H,O,; requires 
C=65°9; H=4°'9 per cent.) 

The substance is thus seen to possess the composition and proper- 
ties of p-coumaric acid. Its identity was further confirmed by the 
fact that when mixed with a known specimen of the last-mentioned 
acid no depression of the melting point ensued. 


Isolation of Fumarie Acid. 


The ethereal solution of methyl esters, from which the esters of 
salicylic and pcoumaric acids had been removed by means of 
aqueous sodium hydroxide, as above described, was next washed 
with water, dried, and the solvent removed. The residual oil, 
amounting to about 8 grams, was subjected to fractional distilla- 
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tion, when two principal fractions were obtained, the first of which 
distilled at 194—198° (atmospheric pressure), and consisted of 
methyl benzoate, whilst the other fraction passed over at 
190—200°/10 mm. as a viscid, yellow oil. The latter product was 
hydrolysed by heating with alcoholic potassium hydroxide, when a 
well-crystallised potassium salt was immediately deposited. This 
was collected, washed with alcohol, then dissolved in a little water, 
and hydrochloric acid added. The organic acid was then deposited 
as a colourless precipitate, which crystallised from water in stellar 
clusters of small needles, melting and decomposing at 290°. 

The alkaline mother liquors from the above hydrolysis contained 
a mixture of acids, from which a further quantity of the acid, 
melting at 290°, as well as a little benzoic acid, was obtained. 

The acid melting at 290° was proved by analysis (Found, 
C=41'4; H=3'6) and the determination of the molecular weight 
of the methyl ester (m. p. 103°; Found, M.W.=143. 
C,H,(CO,Me), requires M.W.=144) to be fumaric acid, which is 
stated to melt at 287°, and to yield a dimethyl ester melting at 
102°. Its identity with fumaric acid was further confirmed by 
mixing a little of the above-mentioned methyl ester (m. p. 103°) 
with a known specimen of dimethyl fumarate, when no depression 
of the melting point was observed. 


The ethereal extract of the original aqueous liquid having been 
shaken with ammonium carbonate for the removal of the acids, as 
above described, it was next extracted with aqueous sodium 
hydroxide. The last-mentioned alkaline extracts, on acidification, 
yielded about 2 grams of a green solid, which was found to consist 
almost entirely of benzoic acid. It is evident that the benzoic 
acid obtained in this manner could not have been present as such 
in the ethereal liquid, since the latter had already been exhaustively 
shaken with ammonium carbonate, and it therefore must have been 
in the form of a benzoyl derivative of a compound which was easily 
hydrolysed in contact with alkali hydroxides. In order to isolate 
the respective compound, the ethereal liquid was washed with 
water, dried, and the solvent removed, when about 2 grams of a 
green, viscid residue were obtained. This was heated with water, 
the hot mixture filtered to remove some oily, insoluble material, 
and the filtrate allowed to cool. On keeping the solution for some 
time, a crystalline substance was deposited, which, after further 
purification from water, melted at 147—148°. This substance 
readily yielded benzoic acid when treated with alkali hydroxides, 
and proved to be identical with the dibenzoylglucoxylose which 
was subsequently isolated in larger amount from the aqueous liquid, 
as described below. 
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Isolation of a Benzoyl Derivative of a New Disaccharide, 
Dibenzoylglucorylose, C,,H,g0;)(CO*C,H;).,H,O. 


The original aqueous liquid (A) which had been extracted with 
ether, as described above, was next repeatedly shaken with amyl 
alcohol. The combined amyl-alcoholic extracts were washed with 
a little water, and the solvent removed for the most part at 100° 
under diminished pressure, when a dark-coloured, syrupy residue 
was obtained. In order to remove the last traces of amyl alcohol, 
water was added, and the mixture concentrated to about half its 
volume under diminished pressure. The residual aqueous liquid 
then contained about 30 grams of a dark-coloured, viscid product, 
which in the course of several days became crystalline. The 
crystalline substance was collected, washed with dilute alcohol to 
remove some adhering viscid material, and then further purified 
by recrystallisation, first from alcohol and finally from water. It 
separated from the latter solvent in thin, colourless needles, which 
melted at 147—148°, contained water of crystallisation, and 
possessed an extremely bitter taste. The amount of this substance 
isolated from 2 kilograms of the alcoholic extract of the drug was 
about 20 grams, but on subsequently working up the remainder 
of the extract the total yield was 220 grams, thus representing 
about 0°56 per cent. of the weight of drug employed. A larger 
amount of the crystalline, bitter substance than here indicated was, 
however, actually present in the drug, inasmuch as some remained 
in the mother liquors from its crystallisation, and a considerable 
amount was also contained in the resin. The substance was 
analysed, with the following results: 

1°1792, heated at 105°, lost 0°0393 H,O. H,O=3°3. 

0°1073 * gave 0°2254 CO, and 0°0525 H,O. C=57'3; H=5°4. 

0°1105* ,, 0°2338 CO, ,, 0°0548 H,O. C=57'7; H=5'5. 

C,;H.0;5,H,O requires H,O=3°3 per cent. 
C,;H..,0;. requires C=57°7; H=5'4 per cent. 

The molecular weight of the compound was determined by 
Barger’s microscopic method. 

0°4404,* in 10 c.c. alcohol, was between 0°09 and 0°10 mol., using 
benzil as the standard. 

Mean, M.W.=465. C,;H,,O,. requires M.W.=520. 

From the above results it is evident that the crystalline, bitter 
substance possesses the empirical formula C,;H,,0,.,H,O. Its 
further examination has revealed the fact that it is a dibenzoyl 
derivative of a new disaccharide, C,;H 90,9, the latter yielding on 
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hydrolysis 1 molecule of dextrose and 1 molecule of xylose. It 
is therefore proposed to designate the disaccharide as glucozylose, 
and the original compound is consequently a dibenzoylglucozylose. 
The properties of the latter compound, together with the reactions 
by means of which its identity has been established, will be fully 
described in a subsequent communication. 


Isolation of a Quercetin Glucoside, CozHg)O0j,- 


After the original aqueous liquid had been extracted with amyl 
alcohol, as above described, it was concentrated somewhat under 
diminished pressure, and then treated with a slight excess of basic 
lead acetate solution, when an abundant, bright yellow precipitate 
was produced. The latter was collected, washed, suspended in 
water, decomposed by hydrogen sulphide, and the liquid filtered. 
The filtrate was concentrated under diminished pressure to a small 
volume, and then kept for some time, when a small amount 
(0°5 gram) of a crystalline, lemon-yellow solid slowly separated. 
This substance was purified by crystallisation from very dilute 
alcohol, and then obtained in thin needles, which sintered at about 
180°, and gradually decomposed with effervescence as the tempera- 
ture rose to 200°: 


0°1066, heated at 130°, lost 0°0104 H,O. H,O=9°8. 

0°0944 * gave 0°1823 CO, and 0°0430 H,O. C=52°7; H=5'l. 
Cy,H5,0j5,4H,O requires H,O=10°6 per cent. 
Cy,H3 Oj, requires C=53°1; H=4°9 per cent. 

The above-described substance was only sparingly soluble in hot 
water, but readily soluble in alcohol. Its aqueous solution gave a 
bluish-black coloration with ferric chloride. In order to ascertain 
whether the substance was glucosidic, it was heated for some time 
in aqueous solution with dilute sulphuric acid, when a yellow pre- 
cipitate was deposited. The latter, when collected and recrystal- 
lised from dilute alcohol, was obtained in yellow needles, melting 
and decomposing at 305—310°. It was readily soluble in alkalis, 
giving a deep yellow solution, and with ferric chloride it gave a 
bluish-black coloration. (Found, C=59'7;H=3'6. C,5;H 90, 
requires C=59°6; H=3°3 per cent.) 

The composition and properties of this substance indicated it to 
be quercetin, and its identity with the latter was confirmed by 
the formation of an acetyl derivative, which crystallised in colour- 
less needles, melting at 194—195°. 

Since the aqueous liquid from the above-described hydrolysis 
readily reduced Fehling’s solution, it is evident that the substance 
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hydrolysed was a quercetin glucoside. The composition of the 
latter renders it, moreover, probable that it was rutin, but the 
amount of substance available was too small to permit of the 
identification of the sugars. 

The mother liquor remaining from the separation of the above- 
mentioned glucoside was heated with dilute sulphuric acid, when 
a quantity of resinous material was deposited. Both this material 
and the aqueous, acid liquid from which it had separated were 
found to contain small quantities of benzoic acid and quercetin, 
thus indicating the presence in the original mother liquor of a 
small amount of the previously described dibenzoylglucoxylose, 
together with a quercetin glucoside. 

The filtrate from the precipitate produced in the original 
aqueous liquid by the addition of basic lead acetate was deprived 
of lead by means of fnydrogen sulphide, again filtered, and concen- 
trated to the consistency of a syrup. The latter evidently con- 
tained a quantity of sugar, since it readily yielded d-phenyl- 
glucosazone (m. p. 210°). The syrup possessed a slightly bitter 
taste, but on keeping for a long time nothing crystalline separated 
from it. On heating with alkalis it developed ammonia, but no 
precipitate was produced by mercuric nitrate, nor could any 
definite basic substance be obtained by extracting the syrup with 
alcohol and subsequent treatment of the alcoholic solution. 


Examination of the Resin (B). 


The crude, resinous material which had been separated from the 
aqueous liquid (A), as previously described, was mixed with 
purified sawdust, and the thoroughly dried mixture extracted in a 
large Soxhlet apparatus with various solvents. The weights of the 
products obtained, dried at 100°, were as follows: 

Petroleum (b. p. 35—50°) extracted 309 grams. 
Ether ”? 119 ,, 
Chloroform 


Ethyl! acetate 
Alcohol 


Total 464 grams. 


The above amount of resinous material, having been obtained 
from 2 kilograms of the alcoholic extract, is equivalent to about 
8°6 per cent. of the weight of drug employed. 


Petroleum Extract of the Resin. 


This extract was a dark green, semi-solid, fatty mass, which 
possessed a bitter taste. It was dissolved in a large volume of 
ether, and the ethereal solution agitated with aqueous ammonium 
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carbonate. The alkaline extract, on acidification, yielded a 
quantity (2 grams) of a crystalline solid, which was purified by re- 
crystallisation from dilute alcohol. The substance was thus 
obtained in glistening leaflets, melting at 120°, and was identified 
as benzoic acid. 


Isolation of Myricyl Alcohol, Cy55Hy.O, and Hentriacontane,Cs,Heg,. 


The ethereal solution which had been extracted with ammonium 
carbonate was evaporated, and the semi-solid residue dissolved in 
hot ethyl acetate. On cooling this solution, it deposited a con- 
siderable quantity (25 grams) of a solid, which was collected, the 
filtrate being set aside for subsequent examination. The solid 
material was fractionally crystallised from petroleum of high boil- 
ing point, the least soluble fraction (1 gram) thus obtained being 
then dissolved in hot ethyl acetate, and the solution decolorised 
by means of animal charcoal. The filtered liquid, on cooling, de- 
posited thin, colourless needles, melting at 82—83°. (Found, 
C=82°3; H=14'2. CHO requires C=82°2; H=14°2 per cent.) 

This substance was thus identified as myricyl alcohol. 

The mother liquors from the above-mentioned fractional crystal- 
lisation were united, the solvent was removed, and the residue then 
heated at 140° with an equal weight of phthalic anhydride. The 
product of the reaction was dissolved in ether, and the ethereal 
solution shaken with aqueous sodium carbonate, which effected the 
removal of the myricyl alcohol in the form of a sodium salt of 
its hydrogen phthalic ester. The ethereal liquid was then washed, 
dried, and the solvent removed, when about 20 grams of a solid 
were obtained, which crystallised from ethyl acetate in glistening 
leaflets, melting at 67—68°. (Found, C=85°0; H=14'5. C,He, 
requires C=85°3; H=14'7 per cent.) 

It is evident from these results that the substance is hentri- 
acontane. 


Isolation of a Phytosterol, Cy,H,,O. 


The ethyl acetate filtrate remaining after the removal of myricyl 
alcohol and hentriacontane, as described above, was evaporated, 
and the residue heated with an excess of alcoholic potassium 
hydroxide. The mixture was then freed from alcohol, water added, 
and the alkaline liquid extracted with ether. About 5 grams of 
a reddish-yellow solid were thus obtained, which was subjected to 
fractional crystallisation from alcohol. The least soluble fraction 
melted at 73—74°, and was evidently a mixture of myricyl alcohol 
and hentriacontane, whereas the most soluble fraction crystallised 
in thin leaflets, which, after further purification from ethyl acetate, 
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melted at 135—136°. This substance gave the colour reactions of 
the phytosterols, and evidently belonged to that class of compounds. 


0°0844* gave 0°2594 CO, and 0°0898 H,O. C=83°8; H=11°8. 
C,,H,,O requires C=83°9; H=11°9 per cent. 


Examination of the Fatty Acids. 


The aqueous, alkaline liquid which had been extracted with 
ether for the removal of the unsaponifiable material, as above 
described, was acidified with dilute sulphuric acid, and again ex- 
tracted with ether. This ethereal extract was filtered to remove 
a quantity (5 grams) of indefinite resinous material, the liquid 
being then washed, dried, and the solvent removed. The residual 
fatty acids were then converted into their methyl esters by heating 
with methyl alcohol in the presence of dry hydrogen chloride. 
The product thus obtained was distilled under diminished pressure, 
and three fractions were collected, which boiled respectively at 
100—160°, 160—200°, and 200—210°/15 mm. The first fraction, 
which amounted to about 7 grams, was found to consist largely 
of methyl benzoate. The middle fraction (b. p. 160—200°/15 mm.) 
was very small in amount, the larger proportion of the 
methyl esters being contained in the fraction distilling at 
200—210°/15 mm. As this contained some unsaturated esters, it 
was hydrolysed, the fatty acids thus obtained converted into their 
lead salts, and the latter treated with ether. The portion soluble 
in ether, when decomposed by hydrochloric acid, yielded 5 grams 
of liquid acids, whilst the insoluble portion gave about 3 grams 
of solid acids. 

The Liquid Acids.—These acids, when distilled under diminished 
pressure, passed over between 225 and 235°/15 mm., the greater 
part distilling at 230—233°/15 mm. as a pale yellow oil. An 
analysis and a determination of the neutralisation and iodine values 
gave the following results: 

0°0807 gave 0°2280 CO, and 0°0835 H,O. C=77:1; H=11'5. 

Neutralisation value=201; iodine value=173°2. 

C,gH yO, requires C=77'1; H=11'4 per cent. N.V.=200°4; 

I.V.=181°4. 

It would appear from these results that the liquid acid consisted 
of nearly pure linolic acid. 

The Solid Acids.—These acids, when crystallised from alcohol, 
separated in glistening leaflets, melting at 57—58°. The material 
was analysed and its neutralisation value determined : 


* Anhydrous substance. 
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0:0972 gave 0°2680 CO, and 0°1106 H,O. C=75°2; H=12°6. 
Neutralisation value= 211. 
C,gH,,0, requires C=76°1; H=12°7 per cent. N.V.=197°5. 
C1g¢H20>, . C=750; H=125 ,, ,, N.V.=219°1. 
The above results indicate the solid acids to have been a mixture 
of palmitic and stearic acids. 


Ethereal Extract of the Resin. 


This extract, when free from solvent, formed a dark green, 
viscid mass. It was digested with ether, when a portion of it 
(28 grams) was found to be sparingly soluble. The sparingly 
soluble material was collected, dissolved in a small quantity of 
alcohol, and the solution kept for some time, when a crystalline sub- 
stance was slowly deposited. The latter, when recrystallised from 
water, separated in colourless needles, melting at 146—147°, and 
was found to be identical with the dibenzoylglucoxylose previously 
isolated from the original aqueous liquid (A). The alcoholic 
mother liquor remaining from the first crystallisation of the above- 
mentioned compound evidently still contained a considerable 
quantity of it, for, on heating with an alkali hydroxide, benzoic 
acid and a sugar were formed, and no other definite product could 
be isolated. 

The portion of the ethereal extract of the resin which was 
readily soluble in ether was extracted successively with aqueous 
ammonium carbonate and sodium hydroxide. The first-mentioned 
alkali removed about 5 grams of benzoic acid, whilst the sodium 
hydroxide extract, on acidification, yielded a considerable quantity 
of dark-coloured, resinous material, from which nothing definite, 
except benzoic acid, could be isolated. After extraction with 
alkalis, the ethereal liquid was washed, dried, and the solvent 
removed. A residue was thus obtained, which, by treatment with 
petroleum of high boiling point, yielded a small quantity of myricyl 
alcohol, melting at 81—82°. 


Chloroform, Ethyl Acetate, and Alcohol Extracts of the Resin. 


These extracts were small in amount, and formed dark-coloured, 
viscid products, which possessed a bitter taste. They were 
separately heated in dilute alcoholic solution with sulphuric acid, 
when each of them was found to yield both benzoic acid and a 
reducing sugar, thus indicating the presence of some of the 
previously-described dibenzoylglucoxylose. The last-mentioned 
compound, melting at 146—147°, was, moreover, directly isolated 
from the ethyl acetate extract of the résin by dissolving it in a 
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little alcohol, and keeping the solution for some time. No other 
definite product could be obtained from these extracts. 


Summary. 

The material employed for this investigation consisted of the 
leaves and stems of Daviesia latifolia, R. Br. (Nat. Ord. 
Leguminosae), which had been specially collected for the purpose 
in Victoria, Australia. 

An alcoholic extract of the material, when distilled with steam, 
yielded a small amount of a pale yellow essential oil, which 
possessed a pleasant, aromatic odour, and gradually depositec. some 
crystals of benzoic acid. 

From the portion of the alcoholic extract which was soluble in 
water the following definite compounds were isolated: (1) Benzoic, 
salicylic, pcoumaric, and fumaric acids; (2) a crystalline benzoyl 
derivative of a new disaccharide (glucorylose), which possesses 
an extremely bitter taste. This bitter substance has the empirical 
formula C,;H,,0;.,H,0, melts at 147—148°, and has been desig- 
nated dibenzoylglucorylose. (3) A quercetin glucoside, C,-H40;¢, 
which is probably identical with rutin. The aqueous liquid con- 
tained, furthermore, a quantity of sugar, which yielded d-pheny]- 
glucosazone (m. p. 210°). 

The portion of the alcoholic extract which was insoluble in 
water, consisting chiefly of resinous material, amounted to about 
8°6 per cent. of the weight of the drug. From the resinous 
material there were isolated: (1) Myricyl alcohol, C,)H,.0; 
(2) hentriacontane, C,,H,,; (3) a phytosterol, C,,H,,0; (4) a mix- 
ture of fatty acids, consisting of palmitic, stearic, and linolic acids. 
The resin also contained a considerable proportion of the above- 
mentioned dibenzoylglucoxylose, together with free benzoic acid. 

This investigation has shown that the bitterness of the leaves of 
Daviesia latifolia is due to the crystalline substance which has been 
designated dibenzoylglucoxylose. The latter represents a type of 
compound which has not hitherto been observed to occur in nature, 
and its characters will be fully described in a subsequent com- 
munication. 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 
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LXXIX.—The Solubility of the Nitrates of Potassium, 
Barium, and Strontium, and the Stability of the 
Double Nitrate of Potassium and Barium. 


By ALExANDER FinpLay, Ipwat Morean and Ivor Prys Morris. 


On account of the relatively great electro-affinity of nitranion 
(nitrate ion), the formation of double nitrates is found to occur in 
but few cases; and with but one exception (the double nitrate of 
potassium and barium), these double nitrates are formed only 
when one of the metais has a valency greater than 2. Thus we 
have the double nitrates of the rare-earth metals and of thorium 
(Meyer and Jacoby, Zeitsch. anorg. Chem., 1201, 38, 359). 

The unexpected formation of a double nitrate of potassium and 
barium was first observed by Wallbridge (Amer. Chem. J., 1903, 
30, 154), whose analysis of the salt. showed it to be anhydrous and 
to have the formula 2KNO,,Ba(NO,),. This observation was con- 
firmed in the following year by Foote (Amer. Chem. J., 1904, 32, 
251), who, by a solubility method, showed that “the double salt 
can form at 25° under a moderately wide range of conditions; that 
is, it can form from solutions containing approximately from 15 
to 27 per cent. of potassium nitrate, and from 6 to 2 per cent. of 
barium nitrate.” Foote also pointed out that the salt cannot be 
recrystallised, but that the solution, if evaporated at 25°, would 
deposit at first crystals of barium nitrate. 

By reason of the rather exceptional behaviour of barium nitrate, 
it was considered advisable to investigate this double-salt formation 
more fully, and more especially at different temperatures, in order 
to obtain a clearer idea of the stability of the double salt in 
contact with solution. 

Similar experiments have also been carried out with potassium 
nitrate and strontium nitrate, but no evidence of the formation of 
a double salt has been obtained. 


EXPERIMENTAL. 


The single salts, in suitable weighed amounts and well powdered, 
were stirred with a weighed amount of water in a tube placed in 
a thermostat. At the end of a given time a quantity of the solu- 
tion was withdrawn by means of a pipette to which a small filter- 
ing plug of cotton wool was attached. The weight of a given 
volume of the solution was then ascertained, and the total amount 
of salt in solution determined by evaporation and heating in an 
air-oven. The barium and strontium were determined gravimetric- 
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ally as the sulphate and carbonate respectively, and the potassium 
nitrate was obtained by difference. Duplicate determinations of 
the solubility were made after stirring for two and for three (or 
four) hours respectively, the attainment of the saturation equil- 
tbrium being thereby controlled. 


A. Potassium Nitrate and Barium Nitrate. 


The salts employed were supplied by Kahlbaum, and were re- 
crystallised before use. The results obtained are given in the 
following table, and are represented graphically in the accompany- 
ing figure. 


Solubility of Potassium Nitrate and Barium Nitrate. 


100 Grams of solution contain, 
in grams. 


Temperature. Solid Phase. ge Ba(NO,),. 
( Ba(NOs), 6-25 
Ba(NO,). ° 
2KNO,,Ba(NO,), it 4-20 

) 2KNO,,Ba(NO,), : 1-98 
etl dcentaentas 1 

2KNO;,Ba(NO,), ; 0-98 
KNO 


8-46 
7-47 
6-35 
6-06 


2KNO,,Ba(NO,), 5-98 
2KNO,,Ba(NO,), ; 3-35 
2KNO,,Ba(NO,)> ; 2-30 
ET ii cncbidasncseatiss 1 aga 
2KNO,,Ba(NOs), ' Z 
KNO. 


11-39 
8-18 
8-08 

‘ 8-42 

oKNO’BatNO}" ; 5-85 

2KNO,,Ba(NO,), 5-02 

KNO. nan 

1:77 
35-01 = 


The solubility values obtained by us show, on the whole, good 
agreement with previous determinations, although, in the case of 
barium nitrate, our values are rather lower than those obtained 
by Mulder (Landolt-Bérnstein’s “Tabellen”). The values for 
potassium nitrate are, however, in perfect harmony with the 
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average values obtained by others (Comey’s “Dictionary of Solu- 
bilities”). As regards the composition of the solutions in 
equilibrium with two solid phases, our values are in good agree- 
ment with the data obtained by Euler (Zeitsch. physikal. Chem., 
1904, 49, 301) and by Foote (/oc. cit.). Our analyses of the double 
salt, lastly, confirm entirely the formula given by Wallbridge 
(loc. cit.). 

On examining the diagram of isothermals, one is struck at once 
by the very considerable range of stability of the double salt, and 
it is to be observed that this range increases at higher temperatures. 
Since, however, the line OA, which represents the relative amounts 
of potassium nitrate and barium nitrate in the double salt, cuts 
the curves for solutions in equilibrium with solid barium nitrate, 
it follows that at the temperatures investigated, and at higher 
temperatures, the double salt will, when brought in contact with 
water, deposit barium nitrate, and yield a solution relatively rich 
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in potassium nitrate. The diagram shows, further, that it will be 
possible to crystallise the double salt only from solutions contain- 
ing excess of potassium nitrate, and in which the relative propor- 
tions of that salt and barium nitrate are those represented by a 
point lying within the area bounded, above and below, by the 
dotted lines. 

From the diagram it is also clear that the transition point, if 
such exists, for the double salt to the single salts must lie at lower 
temperatures, the transition interval commencing at the point 
where the upper dotted line cuts the line OA. Since this upper 
dotted line appears to be not straight, but convex, it is doubtful 
whether such intersection with the line OA will occur at all. In 
this case, the double salt would be decomposed by water at all 
temperatures, and would behave, in this respect, analogously to 
carnallite (van’t Hoff and Meyerhoffer, Zeitsch. physikal, Chem., 
1899, 30, 64). 


782 DUNSTAN, THOLE, AND BENSON: THE RELATION BETWEEN 


B. Potassium Nitrate and Strontium Nitrate. 


In the case of these salts, the solubilities have been determined 
at 20° and at 40°, but at neither temperature was evidence of 
the formation of a double salt obtained. The isothermals in this 
case consist of two branches representing solutions in equilibrium 
with solid strontium nitrate and solid potassium nitrate respec- 
tively. At 20° the strontium nitrate is hydrated (4H,O), whereas 
at 40° it is anhydrous. The solubility values are given in the 


following table. 


Solubility of Potassium Nitrate and Strontium Nitrate. 


100 Grams of solution contain, 
in grams. 

Temperature. Solid Phase. KNO.,. Sr(NO,),. 
( Sr(NO.),,4H,0 _ 41-43 
ene 10-00 40-70 
12-65 41-12 
17-56 40-37 
19-69 39-56 
19-49 34-91 
19-60 31-24 
21-01 17-10 
21-70 9-17 
22-90 5-49 

24-27 — 
sie 47-7* 
11-19 44-19 
‘ ( a)e 22-50 40-22 
40-0 26-90 38-52 
K 30-26 23-70 
39-0* — 


* These numbers are taken from the table of average values given in Comey’s 
** Dictionary of Selubilities.” 


THE Epwarp Davies CHEMICAL LABORATORIES, 
UNIVERSITY COLLEGE OF WALES, 
ABERYSTWYTH. 


LXXX.—The Relation between Viscosity and Chemical 
Constitution. Part VIII. Some Homologous 


Series. 


By AwusBert Ernest Dunstan, FrerpINAND Bernarp .THOLE, and 
Percy Benson. 


In a recent paper (T., 1913, 103, 127) it was shown that the 
curves connecting the logarithm of viscosity with molecular weights 
in an homologous series were linear. The data available for 
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demonstrating this conclusion were very limited, and consisted 
mainly of the relatively few members of the homologous series 
investigated by Thorpe and Rodger (Phil. Trans., 1894, A, 185, 
397). 

Seeing that it had been found possible to make use of this 
additive behaviour of log. viscosity to calculate constants for some 
of the chief radicles, and therefrom to synthesise, with a fair 
degree of accuracy, molecular values, it appeared to be a matter 
of some interest to examine as many long homologous series as 
could conveniently be prepared, first to determine whether this 
additivity held good over a long range of molecular weight; 
secondly, whether the values for the homologous increment were 
reasonably close together; and, thirdly, to deduce, if possible, a 
series of atomic and group constants. 

From what was found in the previous communication, it appeared 
that, within limits, there was a constant value for CH, in each 
series, but it is by no means certain yet whether it will be possible 
to combine these values into a constant for all series. In other 
words, compared with molecular magnetic rotation, it is not yet 
possible to assert that log.y =n x CH,+C, where n is the number 
of carbon atoms in the molecule and C is a series constant. 

The data available in the cases of the alkyl iodides, fatty esters, 
ketones, ethers, and paraffins showed that the log. viscosity curves 
were parallel, and hence a constant CH, value is possible in these 
cases, but for hydroxylated compounds, and particularly for the 
fatty acids, this parallelism is departed from. 

In the present paper we have again had the advantage of using 
material prepared by Dr. Pickard and Mr. Kenyon. Five series 
have been placed at our disposal, containing in the aggregate fifty- 
two esters of secondary alcohols. We desire to express our thanks 
for the loan of these substances, which are. of unexceptionable 
purity. 

Further, we have determined, with some exceptions, the viscosi- 
ties of the methyl and ethyl esters of the fatty acids from the first 
to the eighteenth term, the fatty acids through the same range, 
and the primary alcohols from methyl to hexadecyl. In all cases 
measurements have been made at 25°, but in some at 50°, 70°, 
and 90°. 

The apparatus used was of the horizontal capillary type described 
by one of us (Thole, T., 1913, 103, 22), and in the case of Dr. 
Pickard’s specimens, where only 1 or 2 c.c. of liquid was avail- 
able, use was made of a miniature viscometer holding 0°8 c.c. 
Other experimental details have been described in previous papers. 

The acids and alcohols used were obtained from Schuchardt; the 
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esters were made by the usual methods, and the material was 
carefully dried and purified before use. 

Some of the earlier members of the series of fatty acids and 
their methyl and ethyl esters having been measured with extreme 
accuracy by Thorpe and Rodger (/oc. cit.), a number of these have 
been re-examined in order to gain an idea of the accuracy of the 
viscosity results obtained by the authors’ method and apparatus. 


TaB_eE I. 


Viscosities of some Lower Alcohols, Acids and Esters at 25°, 
compared with Thorpe and Rodger’s Values. 


Our value. Thorpe and Rodger. 
BOG OME 200cccccccsccccccrcccece 0-0113 0-0112 
Propionic acid ...............008. 0-0102 0-0102 
n-Butyric acid ................00. 0-0146 0-0142 


[Gartenmeister, however, 
obtains a value about 


0-0146} 
Methyl alcohol ...............+.. 000546 0-00549 
Biting! aloahol ............sccseees 0-01084 0-01083 
n-Propyl alcohol ............... 0-0198 0-0199 
Ethyl formate ...............00++ 0-00379 0-00380 
Ethyl acetate ..............0000 0-00418 0-00420 
Ethyl propionate .............. 0-00497 0-00497 


These viscosities were determined in the instrument which was 
used for most of the viscosities of the higher members at 50°, 70°, 
and 90°. The times of flow of the above compounds at these higher 
temperatures would have been too small, and so Thorpe and 
Rodger’s results have been used. 


Tas.eE II. 


Normal Primary Alcohols at 25°. 


Viscosity. log.n x 10°. ACH,. 
Methyl alcohol ................4 +0-00553 2-7427 — 
BOER BEOOIOE i ccricccsesscccoccece +0-01091 3-:0378 —- 
Propyl alcohol ................... +0-02016 3°3045 — 
Butyl alcohol .................006. +0-02606 34160 0-1115 
Hexyl alcohol ................0 0-0437 3°6403 2 x 0-1126 
Heptyl alcohol .................. 0-0568 3-7542 0-1139 
Octyl alcohol ............0sse00- 0-07215 3-8582 0-1040 


Average =0-1107 
Average read from smoothed curve=0-109 


t Thorpe and Rodger’s data, 


Methyl alcohol 
Ethyl alcohol 


VISCOSITY AND CHEMICAL CONSTITUTION. 


TaBLeE III. Normal Primary Alcohols at 50°. 


Hexadecyl alcohol 


Log. viscosity x 10°. 


biedesseacusenie +0-006975 2-8435 — 
Propyl alcohol ................++- 70-01128 3:0522 

Butyl alcohol 
Hexyl alcohol 
Heptyl alcohol 
Octyl alcohol 


eee 


secsscevoccoses 70-01409 3-1488 0-0966 
seeeccecccooces 0-0216 3-3341 2 x 0-0926 
spileenembieiene 0-0268 83-4275 0-0934 
sdeenecsssacoce 0-0322 3-5082 0-0807 

seeesonecnesn 0-146 4-1648 8 x 0-0821 


PART VIII. 


Viscosity. log.n x 10°. ACH, 
sctnmnioosanond +0-00396 2-5977 — 


Average = 0-0855 
Average read from smoothed curve=0-0881 
+ Thorpe and Rodger’s data. 


Fie. 1. 
Primary alcohol. 


3°9 ] 

37 

oF / TREES See 
3°3 - fy —— 
3°] , 

2"9 f ¥, - 

27 ig ve ea Aa) te ed 
2°5 4 8 12 16 
Number uf carbon atoms in growing chain. 

Top curve: A¢ 25°. Middle curve: Aé 50°, 


Bottom curve: At 70°. 
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TasBLeE IV. 


Normal Primary Alcohols at 90°. 


Viscosity. log.n xX 10°. 4 CH,. 
Propyl alcohol ...............00+- +0-00526 2-7210 —_ 
Butyl alcohol T0-006335 2-8017 0-0807 
Heptyl alcohol 0-0100 2-9999 3 x 0°0661 
Octyl alcohol 0-0121 3-0825 0-0826 
Hexadecyl alcohol 0-0353 3-5479 —_ 
Average read from smoothed curve=0-0707 


7 Thorpe and Rodger’s data. 


TABLE V. 


Normal Fatty Acids at 50°. 


Viscosity. log.nx 10°. 

Pd pictieticcenisccncnons +0-010315 30134 
Acetic acid +0-00791 2-8982 
Propionic acid +0-00747 2-8733 
Butyric acid +0-009715 2-9874 0-1141 
Valeric acid 0-0125 3-0974 0-1100 
Hexoic acid 0-01687 3-2271 0-1297 
Heptoic acid 0-0202 3°3058 0-0787 
Octoic acid 0-0262 34178 0-1120 
Nonoic acid 0-0347 3-5400 0-1222 
Decoic acid . 0-0434 3-6372 0-0972 

0-07035 3°8473 2x 0-1050 


Average = 0-1086 
+ Thorpe and Rodger’s data. 


TaBLe VI. 


Normal Fatty Acids at 70°. 


Viscosity. log.n x 10°. 
t0-00775 2-8893 
Acetic acid +0-00625 2-7896 
Propionic acid +0-006015 2-7975 — 
Butyric acid t0-00756 2-8785 0-0810 
Valeric acid 0-00979 2-9794 0-1009 
Hexoic acid 0-01186 3-0743 0-0949 
Heptoic acid 0-0147 3-1685 0-0942 
Octoic acid 0-01845 3-2669 0-0984 
Nonoic acid 0-0231 3-3638 0-0969 
0-0288 34593 0-0955 
0-0408 3-6102 2 x 0-0754 
Myristic acid 0-0676 3-8302 2x 0-1101 
Palmitic acid 0-0740 3-8692 — 
Stearic acid . 0-0939 3-9727 —_ 
Average = 0-0941 
+ Thorpe and Rodger’s data, 
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TaBLe VII. 
Normal Fatty Acids at 90°. 


Viscosity. log.7 x 10°. 4CH,,. 
FORMMOG O6Id .....5...000sscce0e0e +0-00606 2-7825 — 
Acetic acid +0-00505 2-7003 —_— 
Propionic acid T0-00495 2-6946 — 
Butyric acid +0-006045 2-7813 0-0867 
Hexoic acid 2-9452 2 x 0-6820 
Octoic acid - 3-1133 2 x 0-0840 
Nonoic acid . 3-1957 0-:0826 
Myristic acid . ) 36188 5 x 0-0846 
Stearic acid . : ; 3°7505 


Average = 0-0840 


+ Thorpe and Rodger’s data. 


Fic. 2, 
n-Fatty acids. 


Log. viscosity x 10°. 


277 4 8 12 16 18 


Number of carbon atoms in growing chain. 


Top curve: Acids at 50°, Middle curve: Acids at 70°. 
Bottom eurve: Acids at 90°. 


VOL. CV. oF 
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Taste VIII. 
Ethyl Esters of the Normal Fatty Acids at 25°. 


Viscosity. log. x 10’. ACH.,. 
Ethyl formate +0-00382 2-5821 — 
Ethyl acetate +0-00425 2-6284 0-0463 
Ethyl propionate +0-00502 2-7007 0-0723 
Ethyl butyrate 0-00635 2-8026 0-1019 
Ethyl valerate ............. 0-00759 2-8799 0-0773 
Ethyl hexoate ............. 0-00929 2-9680 0-0881 
Ethyl] heptoate 0-O111 3:0463 0-0783 
Ethyl octoate . 0-0138 31396 0-0933 
Ethyl nonoate ............. 0-01691 3-2281 0-0885 
Ethyl] laurate 0-0308 3-4883 — 3 < 0-0867 
Average, omitting first member = 0-0860 
Average read from smoothed curve=0-0866 
Ethyl palmitate 0-0576 3-7604 4 x 0-0630 


+ Thorpe and Rodger’s data. 


TaBLe IX. 
Ethyl Esters of the Normal Fatty Acids at 50°. 


Viscosity. log.nx 10°. ACH.,. 
Ethyl formate +0-002995 2-4764 = 
Ethyl acetate T0-00326 2-5132 0-0368 
Ethyl propionate ......... +0-003805 2-5803 0-0671 
Ethyl butyrate 0-00458 2-6607 0-0804 
Ethyl valerate 0-00536 2-7293 0-0686 
Ethyl hexoate 0-00653 2-8153 0-0860 
Ethyl octoate 0-00943 2-9645 — 
Ethyl nonoate 0-0111 30466 0-0821 
Ethyl laurate 0-174 3-2409 —_ 3 Xx 0-647 
Average, omitting first member = 0-0728 
Average read from smoothed curve = 0-0756 


Ethyl palmitate 0-0314 3-4971 0-2562 4 x 0-0640 
Ethyl stearate 0-0375 3-5740 0-0769 2 x 0-0385 


+ Thorpe and Rodger’s data. 


2 x 0-0746 


TABLE X. 
Esters of Undecan-B-ol at 25°. 


Viscosity. log.nx 10°. 4CH.,,. 
0-0281 3:4481 -- 
Propionate 0-0284 3°4534 0-0053 
n-Butyrate............c.0000: 0-0362 3-5135 0-0601 
n-Valerate 0-0374 3-5731 0-0596 
0-0414 3-6167 0-0436 
0-0491 3-6914 0-0747 
n-Nonoate 0-0661 3-8203 —_ 2 x 0-0644 
n-Undecoate 0-0873 3-9409 — 2 x 0-0603 
0-0966 3-9851 0-0442 
0-1233 4-0909 — 2 x 0-0529 
Average, omitting first member = 0-0579 
Average read from smoothed curve = (-0588 
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Fra, 3. 
Ethyl esters of the n-fatty acids, 


Log. viscosity x 10°. 


26 + 
é D/ 
D | 
4 8 12 
Number of carbon atoms in growing chain. 
Top curve: At 25°. Bottom curve: Af 
TaBLE XI. 


Esters of Octan-B-ol at 25°. 


Viscosity. log.nx 10°. ACH, 
0-0152 31809 — 
Propionate ..............s00. 0-0159 3-2004 0-0195 
n-Butyrate 0-0189 3-2772 0-07462. 
n-Hexoate ' 0-0255 3-4070 0-1298 2 x 0-0649 
0-0307 3-4872 0-0802 
0-0364 3-5609 0-0737 
0-0422 36249 0-0640 
n-Undecoate 0-0582 3-7651 os 
Laurate 0-0687 3-8368 0-0717 
Myristate 0-0891 3-9498 — 2 x 0-565 
Average, omitting first member = 0-068] 
Average read from smoothed curve = 0-0706 
3 F 2 


2x 0-0701 
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TaBLE XII. 
Esters of Heptan-B-ol. 


Viscosity. log.n x 10. ACH. 
I le ticeies sesnseienes 0-0117 3-0686 — 
Propionate ...............0+ 0-0125 3-0960 0-0274 
n-Butyrate ...........0.0006 0-0157 3°1957 0-0997 
PIII, Keb ccnsescccacnes 0-0179 3-2538 0-0581 
a soci vicamie 0-0219 3-3406 0-0868 
n-Heptoate .............055 0-02565 3-4091 0-0685 
SS eee 0-0303 3-4816 0-0725 
NOD vsdcsasccccncsssss 0-0369 3°5671 0-0855 
n-Undecoate ............+++ 0-05015 3-7002 — 20-0665 
8 POE nro re 0-0590 3-7708 0-0706 
PC aa sisicixainccensess 0-0775 38894 -- 2x 0-0593 


Average, omitting first member = 0-0721 


Average read from smoothed curve = 0-0715 


TaBLE XIIT. 


Esters of Hexan-B-ol at 25°. 


Viscosity. logn. x 10°. ACH... 
(EE, Oe ee 0-009445 2-9752 — 
FIND isscncccescessess 0-0104 3-0182 0-0430 
-Butyrate «.........ccscee0 0-0133 31227 0-1045 
M-VAICFAEO .....cccccccccccce 0-0156 3-1932 0-0705 
I ocaececdcsasscsss 0-0180 3-2552 0-0620 
n-Heptoate .............66. 0-0215 33324 0-0772 
n-Nonoate .........csceeeee. 0-0308 3-4883 — 2x 0-0779 
n-Undecoate ............... 0-0430 3-6338 — 2 x 0-0727 
OO  —e eee 0-540 3-7323 0-0985 
PTE scisecivcccrccscesses 0-673 3-8283 — 2 x 0-0480 


Average, omitting first member = 0-0700 
Average read from smoothed curve = 0-0715 


TABLE XIV. 


Esters of Butan-B-ol at 25°. 


Viscosity. log.n x 10°. 4CH.,,. 
SIND ci adaninainnccensanas 0-00601 2-7792 — 
BROPMOMAES: 066005 sivsscccccs. 0-00669 2-8252 0-0460 
WETTGTOES 6 o.0.060:00000000000. 0-00839 2-9236 0-0984 
Pe en ne 0-0101 3:0059 0-0823 
I cars doce ii aiscei 0-0127 83-1032 0-0973 
n-Heptoate .............06 0-0152 3:1816 0-0784 
I ies caiihansiesccs 0-0182 3-2607 0-0791 
m-Nonoate ........ccccseeees 0-0218 3:3386 0-0779 
n-Undecoate ...........06- 0-0325 3-5124 — 2 x 0-0869 
EN. caibicdadcaanacaakes 0-0387 3-5881 0-0757 
BE PTMUREG 00.006 icscessscerenee 0-0532 3-7256 — 2 x 0-0687 


Average, omitting first member = 0-0818 


Average read from smoothed curve = 0-0836 
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TaBLE XV. 
Methyl Esters of the Normal Fatty Acids at 25°. 
Viscosity. log.» x 10°. 4CH,,. « 
Methyl formate ............ +0-00332 2-5211 a= 
Methyl acetate ............ $0-003625 = 2-5593 0-0382 
Methyl propionate ....... 0-00431 2-6345 0-0752 
Methyl butyrate............ $0-005415 —-2-7336 0-0991 
Methyl octoate ............ 0-0126 3-1006 — 
Methyl laurate ............ 0-308 3-4891 — 


7 


9) 


29 


octan-B-ol. 
heptan-B-ol. 
hexan-B-ol. 
butan-B-ol. 


VIII. 791 


4x0-0918 
4x 0-0971 


Average, omitting first member = 0-0930 
Average read from smoothed curve = 0-0916 


{ Thorpe and Rodger’s data. 


a 
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TasBLe XVI. 
Methyl Esters of the Normal Fatty Acids at 50°. 


Viscosity. log.» x 10°. 4CH,, 
Methyl acetate +0-00284 2-4533 — 
Methyl propionate T0-00334 2-5237 00704 
Methyl butyrate 0-00407 2-6096 0-0759 
Methyl octoate ............ 0-00846 2-9273 —- 4 x 0-0794 
Methy] laurate 0-01852 32679 a 4x 0°0851 


Average = 0-0805 
Average read from smoothed curve = 0-0829 


+t Thorpe and Rodger’s data. 


Fic. 5. 


Methyl esters of the n-fatty acids 


Log. viscosity x 10°. 


s - 7 11 15 


Number of carbon atoms in growing chain. 


Top curve: Ad 25°. Bottom curve: Ad 50°, 
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TaBLE XVII. 


Average Values of the CH, Differences at 25°. 


ACH,. 
Number of A4CH.,,. Average from 
Series. members. Average. smoothed curves. 

Fatty methyl esters............. 0-0930 0-0916 
Fatty ethyl esters 0-0860 0-0866 
Esters of butan-8-ol 0-0818 0-0836 
Esters of hexan-§-ol 0-0700 0-0715 
Esters of heptan-8-ol 0-0721 0-0715 
Esters of octan-8-ol 0-0681 0-0706 
Esters of undecan-f-ol 90-0579 0-0588 
Methylalkylcarbinols 0-0982 — 
Primary alcohols ................ 0-1107 0-109 
Fatty acids 0-136 = 


Variation of ACH, with temperature for the n-fatly acids. 


50° 


Temperature. 


Fig. 7. 


Variation of ACH, with temperature. 


40° 


Temperature, 
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Discussion of Results. 


The esters of butan-8-ol, hexan-8-ol, heptan-f-ol, octan-B-ol, and 
undecan-B-ol may be conveniently considered first. The initial 
member is usually anomalous, giving a value of log. viscosity which 
is too high, whilst there is a tendency for the highest member to 
give a value which is too low. With these exceptions, the majority 
of the 52 esters lie on five straight lines, of which the middle 
three are parallel to one another, whilst the extremes converge. 
The value of the CH, differences for the esters of undecan-f-ol are 
the smallest we have hitherto encountered. To what extent the 
effect of high molecular weight modifies the homologous increment 
must remain at present an open question, but it is certainly remark- 
able that the greater the molecular weight of the group to which 
is attached the growing chain, the smaller is the effect of each CHg. 

The tendency of the members of highest molecular weight to 
depart from linearity appears to be connected with this fact, and 
shows that not only must the gross effect of each CH, be con- 
sidered, but also, perhaps, its percentage effect, which, of course, 
will become less as the molecular weight increases. 

Turning to the results for the fatty acids, the most striking 
phenomenon is the behaviour of the first two members. The 
viscosities of formic and acetic acids are abnormally high. This 
may be ascribed to the high degree of association possessed by 
these two compounds, but even then the normal CH, difference for 
the series is exceptionally high as compared with, for example, the 
esters. It is hardly conceivable that the association factor should 
undergo so sudden a change at the third member and then remain 
content with each successive increment of CH,. Palmitic and 
stearic acids diverge considerably from the mean line, just as was 
the case with the highest member of the foregoing series. 

The CH, differences diminish with rising temperature, and at 
90° the value for the fatty acids approximates to that afforded by 
their ethyl esters at 25°. Whether this fact foreshadows another 
method for the attainment of a “corresponding temperature” 
remains to be settled by the accumulation of more data. 

In the case of the primary alcohols, the abnormality of the first 
two members is again apparent, although in a direction opposite 
to what is generally the case, for these two substances have viscosi- 
ties smaller than would be expected. No satisfactory reason can 
be adduced at present for this anomalous behaviour, since it is 
scarcely possible that the degree of association becomes greater as 
the homologous series is ascended. 

From the propyl member onwards linearity is observed up to 
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the octyl term, but hexadecyl alcohol seems to illustrate the 
general behaviour of the members of high molecular weight in the 
other series. 

General Conclusions. 


When the CH, differences for all the series examined are com- 
pared, it will be noticed that the numerical values become less as 
the amount of residual affinity in the molecule decreases, namely, 
in the order: acids—primary alcohols-secondary alcohols—methy] 
esters-ethyl esters—esters of secondary alcohols. 

Of the 93 compounds examined, the great majority fall on 
straight-line curves, with the exception of the initial and final 
members. 

The higher the molecular weight of the nucleus to which the 
growing chain is attached, the lower is the value for the homo- 
logous increment. The CH, differences for any series at various 
temperatures lie on a smooth curve, from which can be interpolated 
the temperature of any desired CH, value, and hence a possible 
corresponding temperature. 

It is our intention, having examined the above series containing 
associated compounds, to continue the investigation with a range 
of unassociated substances, such as the paraffins, ketones, alkyl 
haloids, in the expectation of meeting with more constant CH, 
differences. 


We desire to thank the Research Committee of the Royal Society 
for a grant in aid of this work. 


PHysIcAL CHEMISTRY LABORATORY, 
East HAm TECHNICAL COLLEGE, 


LXXXI.—The Composition of Some Mediaeval Wax 
Seals. 


By James Jounston Dossiz and Jonun Jacos Fox. 


At the request of the Deputy Keeper of the Records, an examina- 
tion of a number of medieval wax seals has been carried out with 
the object of ascertaining their composition and present condition. 
The seals selected for the purpose were of various dates, ranging 
from the 13th to the beginning of the 16th century, and included, 
amongst others, the seal of the Chamberlainship of Scotland, 1306; 
the Exchequer, 1399; Syon Abbey, 1429; Westminster Abbey, 
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1504; and a Brown Cocket (that is, Customs) Seal, 1327. As very 
little appeared to be known as to the composition of seals of such 
early dates, it seemed desirable to make the examination as com- 
plete as possible, with a view to determine the nature and condition 
of the wax and resin, and also the composition of the pigments. 
The small quantity of material available, however, made this a 
matter of considerable difficulty. 

Before proceeding to deal in detail with the chemical composi- 
tion, it may be mentioned that the 13th century seal, which con- 
sisted of beeswax only, had been attacked by mould, and in 
consequence had become flaky and easily disintegrated. The 
Great Seal, 1350, which also consisted wholly of beeswax, was in 
perfect condition, and it is remarkable that it was unaltered, both 
in chemical and physical properties, except as regards its power of 
absorbing iodine, which was found to be somewhat less than that 
which beeswax usually exhibits. In most of the other cases both 
beeswax and resin were present in varying proportions. The 
resin could not be identified as the product of any particular 
conifer, except in two cases in which it was found to give the 
usual reactions for colophony. 

In those cases in which the seal consisted of a mixture of wax, 
resin, and pigment, the wax and resin were separated from the pig- 
ment by means of chloroform. After evaporating off the chloro- 
form, the resin was dissolved out from the mixture with cold 
alcohol. Whilst beeswax is practically insoluble in cold alcohol 
alone, it is slightly soluble in alcohol containing resin. On the 
other hand, the waxy matter retains a little resin. 

The following table shows how far the acid value, saponification 
value, and density of beeswax and resin which have been mixed 
and separated by the process described are affected by their solu- 
bility the one in the other in the presence of alcohol: 

(a.) (6.) (c.) (a) (e.) 
Saponifi- Ratio 
Acidity cation of 
Density mg-KOH mg.KOH c-6 [fodine 
15-5°. pergram. pergram. 0b value. 


A. Sample of beeswax ......... 0-958 18-4 91-0 4-0 8-4 
B. Sample of colophony 1-100 149-0 174-9 — 120-0 
Mixture of A and B sepa- 
rated into :— 
C. Soluble in alcohol (resin)... 1-080 135-4 167-1 —- 
D. Insoluble — in 
0-979 17-6 99-7 4-7 


These results show that when a mixture of colophony and bees- 
wax is separated by means of cold alcohol, the values obtained with 
the separated portions differ somewhat from those obtained with 
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the original constituents. The “ratio” number for the wax 
(column d) is higher than that of the original beeswax. This 
explains the somewhat high ratio number found for all the waxes 
separated from the seals. 

From want of material, it was impossible to separate the acids 
and other constituents present in the waxes and resins. The 
table on p. 798, however, furnishes data by which the identity of 
the wax, and in certain cases of the resin also, can be established. 

From the table it will be seen that in all cases, after separation 
of the greater proportion of the resinous matter, a wax remained 
which possessed the specific gravity and melting point of beeswax. 
Except for Nos. 1 and 10, the acidity was in all cases low, and, 
except in the case of the Great Seal, the saponification value was 
high. Considering the method employed to separate the wax from 
the resin, the values do not differ materially from those of ordinary 
beeswax. It will be noticed, however, that as regards their acid 
values, Nos. 7 and 8 resemble East Indian rather than European 
beeswax. The high iodine values of Nos. 4 and 5 are accounted 
for by the retention of some of the resinous constituents by the 
wax. In seals Nos, 8, 9, and 10, a dark-coloured organic material 
was found, which was probably associated with the resin, but this 
substance could not be identified. 

The Great Seal, 1350, gave the values of an ordinary modern 
European beeswax, the melting point, 66°2°, of the original seal 
being the maximum value usually found for beeswax. This seal 
is interesting as showing that the properties of the wax have not 
altered during a period of nearly six centuries, and it is specially 
noteworthy that the acidity was normal. The fact that the iodine 
value was somewhat low is probably due to the absorption of 
oxygen. 

The 13th century seal (No. 1) consisted of beeswax, but it was 
laminated, porous, and friable. About 5 per cent. of the seal 
which was insoluble in chloroform was found to consist of mould 
spores and hyphez. It is possible that the high acidity of this 
wax, aS compared with that of the wax of the Great Seal of 1350, 
is due to the action of the mould. A piece of some other wax 
has been used at some time to repair this seal. This portion 
had a density of 1°013, and consisted of a mixture of resin and 
wax. 

As regards the effect of time on these waxes, the low iodine 
value indicates some slight absorption of oxygen, and this appears 
to be the only effect of age on the wax. 

The resinous constituents were, in general, distinguished by their 
high specific gravities and saponification values. The specific 
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gravities were, on the whole, higher than those usually obtained for 
colophony, and nearer to that of shellac or dammar resin. 

The Brown Exchequer Seal, 1340 (No. 5), gave the ordinary 
Liebermann-Storch reaction for colophony, as did also the Green 
Westminster Abbey 1504 Seal (No. 10), although the reaction in 
the latter case was slight. All the results obtained with the former 
seal indicate that the resin which it contains is colophony. It is 
probable that the resin in the Red Walden Abbey Seal, 1399 
(No. 7), is also colophony, although no Liebermann-Storch test, 
could be obtained. 

The other resins could not be identified with certainty, but that 
they are not sandarac, shellac, amber, or copal is shown by the fact 
that these substances do not form a homogeneous mass with bees- 
wax suitable for preparing seals. Colophony and “Venice 
turpentine,” on the other hand, mix with beeswax quite readily in 
all proportions. Mastic and certain other gum resins are excluded 
by the acid, and saponification values given by the seals. In one 
case (No. 10), where sufficient material was available, the 
“indirect acid value” was determined according to the method of 
Worstall (J. Amer. Chem. Soc., 1903, 25, 860), and found to be 
212°0 mg. KOH per gram, as compared with 2488 for the 
saponification value.* This leaves little room for the presence of 
esters. 

The iodine values of some of the resins were found to be high, 
111 for No. 5, 89 for No. 8, and 90 for No. 10. Others gave much 
lower values: No. 2, 38; No. 4, 56; and No. 9, 46. These low 
values may be due either to the absorption of oxygen, a view which 
is partly supported by the high specific gravity, or may be natural 
to the resin as used to prepare the seals. P 

The pigments used in the seals were also examined. These were, 
on the whole, found in the portion insoluble in chloroform, but 
some copper was extracted from the chloroform solutions of Nos. 2 
and 10 by treatment with hydrochloric acid, increasing the propor- 
tions of pigment given in the table in these cases to 8°5 and 7°5 per 
cent. respectively. 

The green seals were coloured by verdigris, a good cacodyl test 
being obtained from the pigments. The brown and black seals 
also contained a little verdigris, together with dark coloured organic 
matter of indefinite character, which may have been derived from 
the resin used. The “black” seals appeared brown when 
examined in thin layers by transmitted light, but were black by 

* The low direct acid value and high saponitication value of several of the resins 


recall similar features in resins used by the ancient Egyptians in embalming 
(A. Lucas, Ministry of Finance, Egypt. Survey Department. Paper No. 12, 1911). 
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reflected light. Vermilion was found to be the colouring matter 
of the red seals. Where sufficient of the pigment was available it 
was quantitatively examined. The following is the composition of 
the various pigments. The undetermined portion consisted gener- 
ally of organic matter which could not be identified. Green 1306: 
Verdigris mixed with dark coloured organic matter. Brown 1327: 
Verdigris in small quantity with dark brown organic matter of 
indefinite character. Red 1337: Mercury sulphide 82, iron oxide 
0°2, silica 2°6, calcium sulphate 6 per cent. Red 1399: Mercury 
sulphide 86, iron oxide and alumina 2, calcium sulphate 10 per 
cent. Black 1423: Verdigris 5°7, iron oxide 0°4, chalk 11°2 per 
cent., and some very dark organic matter insoluble in chloroform. 
Black 1429: Verdigris 11:4, silica 5°2 per cent., and organic matter 
insoluble in chloroform. Green 1504: Verdigris 12°0, iron oxide 
and chalk 1°4 per cent., and dark brown matter not dissolved by 
chloroform. 

The vermilions appear to consist of native mercury sulphide, 
judging from the presence of the calcium sulphate and other in- 
organic constituents. Mixtures of wax, resin, and pigment made 
up in the proportions found in the various seals possessed the colour 
and other properties of the seals. 


We have to thank Mr. C. S. Grace, B.Sc., for valuable assistance 
in connexion with the work described in this paper. 
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LXXXIL—TZhe Variable Rotatory Powers of the 


d-a- Bromocamphor-B-sulphonates. 


By Witiiam Jackson Pope and Joun Reap. 


Since the many advantages attaching to the use of powerful 
optically active acids in the resolution of externally compensated 
bases were pointed out by Pope and Peachey (T., 1898, 78, 893), a 
number of such acids have been successfully employed in this con- 
nexion; in performing such resolutions, substantial help has been 
afforded by the fact that the molecular rotatory power of a salt 
of a powerful acid in dilute aqueous solution is the sum of the 
molecular rotatory powers of the acid and base in similarly dilute 
aqueous solutions. Whilst this statement represents a very gener- 
ally observed result obtained with the salts of a number of the 
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powerful optically active acids which have been dealt with, we 
have frequently remarked discrepancies when attempting to use 
d-a-bromocamphor-f-sulphonic acid in the resolution of externally 
compensated bases; although this acid has been proved applicable 
to the purpose indicated (Pope and Beck, T., 1907, 91, 458), we 
have repeatedly observed that the rotation constants of its salts 
have not the numerical values to be expected on the basis of the 
rule stated above. In the present paper we describe the experi- 
mental study of the anomalies in question, and trace them to the 
occurrence of dynamic isomerism of the acid itself. 
d-a-Bromocamphor-f-sulphonic acid is readily prepared by the 
method given by Armstrong and Lowry (T., 1902, 81, 1451), but 
is conveniently separated as its barium salt, barium carbonate 
being substituted for lime during the neutralisation of the sulphuric 
acid solution of the acid. The barium salt of the sulphonic acid 
erystallises readily in glistening, six-sided plates on cooling its hot, 
concentrated aqueous solution. The several fractions of barium 
salt separated from the sulphonation product were observed to 
differ considerably in crystalline character and in rotatory power ; 
the extent of the variation in rotatory power may be indicated by 
quoting the results obtained in dealing with the sulphonation pro- 
duct of one fairly large batch. In this operation practically the 


whole of the sulphonic acid was separated in three fractions, of 
which the first was resolved by crystallisation from water into 
three sub-fractions; the rotatory powers were determined on the 
salt, after drying at 110°, in dilute aqueous solution for mercury 
green light, with the results stated below : 


[M}/2. 
+97-6° 370° 
+81-8 +310 
+77-2 +293 
+ 73-2 +277 
+ 66-6 +252 

Each of the fractions was contaminated with a very small 
quantity of the sparingly soluble barium sulphoacetate, 

Co 
CH,<g0?>Ba, 

which was removed whenever it separated; the quantity of this 
salt was, however, minute, and it is clear that the barium salt of 
the bromocamphorsulphonic acid consists of at least two substances 
of widely different rotatory powers. On recrystallising the first 
sub-fraction 1 from boiling water nothing was obtained but a 
barium salt of molecular rotatory power, [M]/2+374° for mercury 
green light; and, similarly, when practically the whole of the 
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500 grams of the various fractions was recovered after careful 
fractional recrystallisation, it all, apart from a few grams of a 
final fraction, which showed [M]/2 + 325°, exhibited the maximum 
value of [M]/2 +374°. Thus, by recrystallisation, the total rota- 
tional effect increased very considerably above that indicated in 
the preceding table, and no substance of lower molecular rotation, 
the presence of which would seem to be indicated by the series of 
values quoted, was isolated during the process. 

The salt exhibiting [M]/2 + 374° preserved its rotation constants 
after repeated fractional crystallisation from water and alcohol, 
and may therefore be considered as a definite substance; it is 
readily soluble in hot water or methylated spirit, but dissolves 
sparingly in these solvents in the cold, and crystallises in very 
iridescent, six-sided scales from the cooling solutions: 

0°8738 lost 0°1182 at 110°. H,O=13°53. 

.1:000 gave 0°2653 BaSO,. Ba=15°60. 

(C,)H,,0,Br8),Ba,65H.O requires H,O=13°39; Ba=15°57 

per cent. 

The salt loses water slowly in a vacuum over sulphuric acid, the 
water content falling to about 3°5 molecules during three days; the 
anhydrous salt is hygroscopic. As the rotatory power is unchanged 
by further crystallisation from water, a series of standard deter- 
minations was made, the weight of air-dried salt stated being made 
up to 30 cc. with water, and the solution examined in a 4-dem. 
tube at 20°.* 


0-1173 Gram in water. 0-4710 Gram in water. 


Hg,5461 Hg,5780.. Na,5893. Hg,5461. Hg,5780 Na,5893. 
1-09 + 535° -- 458° + 435° 
[a]. 5 + 69-7 | $2 + 730 + 69-3 
[M]/2 ...... 4+ 374-0 321-0 +305-0 +3720 +3190 +303-0 
Hg,5461/Na,5893 224 1-230 
Hg,5780/Na,5893 05! 1-053 
The conclusion denoted by the work described above is that by 
exhaustive fractional crystallisation of the 500 grams of barium 
salt having a molecular rotatory power for mercury green light of 
[M]/2 +252° to +370°, the whole becomes converted into salt 
showing the value [M]/2 +374°; so far as can be seen, the latter 
salt is a pure substance. This result recalls Kipping’s conclusion 
(T., 1905, 87, 628) that d-a-bromocamphor-z-sulphonic acid exists 
in combination in two stereoisomeric forms corresponding with the 
approximate molecular rotatory powers [M], +280° and +177°; 
and also Lowry and Magson’s observation (T., 1906, 89, 1042), that 


* These conditions apply to all the rotatory power determinations given in the 
present paper. 
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the addition of alkali greatly alters the solubility and rotatory 
power of potassium d-a-bromocamphor-f-sulphonate, apparently 
because of the occurrence of dynamic isomerism. An acquaintance 
with those and similar investigations suggested that the seeming 
anomalies remarked in the behaviour of the d-a-bromocamphor- 
B-sulphonates might arise from the exhibition of dynamic 
isomerism, and the further experimental study of the subject has 
led to the adoption of this suggestion as affording a simple ex- 
planation of the discrepancies mentioned earlier in this paper. 

The barium salt of [M]/2 for mercury green + 374° in dilute 
aqueous solution does not change its rotation constants when the 
aqueous solution is evaporated to dryness; a solution containing 
0°2077 gram in 30 c.c., when evaporated to dryness on the water- 
bath after addition of a trace of ammonia, left a residue which, 
after drying at 100° and “resolution in 30 cc. gave 
Guy sin + 2°14°, whence [a] +77°3° and [M]/2+ 293°. The addi- 
tion of a trace of alkali thus causes the rotatory power of the 
original solid salt to fall by about one quarter. This and similar 
observations indicate that the barium salt varies in rotatory power 
with the conditions under which crystallisation occurs, and that 
the high rotation constants of the salts are depressed by the 
addition of small amounts of ammonia. 


d-a-Bromocam phor-B-sulphonic Acid, C\yH,,BrO°-SO,H,3H,0. 


The free acid has not previously been isolated, and we prepared 
it by precipitating the barium from the above salt by addition of 
the exact quantity of sulphuric acid necessary, and evaporating the 
filtered solution to dryness on the water-bath; the residue crystal- 
lises readily, and after recrystallisation from water the acid is 
obtained in long, transparent prisms melting at 47°5°. The acid 
is exceedingly soluble in water, and dissolves freely in most of the 
ordinary organic solvents: 

0°6971 gram neutralised 19°0 c.c. V/10-NaOH. H,O=15'20. 

C,)H,;0,BrS,3H,O requires H,O= 14°80 per cent. 


After remaining over sulphuric acid in a vacuum for five days 
the water-content fell to 15H,O; the acid then softened at 114°, 
and melted completely at 117°: 

0°5114 gram neutralised 15°15 c.c. V/10-NaOH. H,O=7°86. 

C,)H,,0,Br8,1°5H,O requires H,O=7°99 per cent. 

On solution in benzene or chloroform the fully hydrated acid 
dissolves to a turbid solution; as the solutions evaporate, however, 
they deposit the crystalline acid with 3H,O. 
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The following determinations of rotatory power were made with 
titrated aqueous solutions of the acid: 


0-1571 Gram acid. 0-9391 Gram acid. 


Hg,5461 Hg,5780 Na,5893. Hg,546i. Hg,5780. Na,5893. 
+ 2-538° + 2-17° + 2-06° + 15-23° + 13-04° + 12-41° 
+1208 +1036 + 98:3 4121-6 +1041 + 99-1 
+375-7 +322-2 +-305-8 +378-2 +3238 +308-2 
Hg,5461/Na,5893 1-228 1-227 
Hg,5780/Na,5893 1-053 1-05] 

It is interesting to notice that, contrary to the observations made 
upon the barium salt, the rotation-constants of the acid rise with 
increase in concentration; the values for the acid are slightly 
greater than those obtained with the barium salt. 


Ammonium d-a-Bromocam phor-B-sulphonate. 


In view of the evident sensitiveness of the rotation-constants of 
the barium salt to treatment with ammonia, particular interest 
attaches to the ammonium salt of the acid. In the preparation 
of the latter substance a solution of the pure acid, after treatment 
with excess of aqueous ammonia, is evaporated to dryness, and the 
residue heated several times with alcohol for the purpose of 
eliminating water as completely as possible; the anhydrous 


ammonium salt, which is extremely soluble in water, is finally 
dissolved in a small volume of alcohol, and caused to crystallise 
by addition of a large quantity of dry acetone. The salt separates 
under this treatment in small, opaque needles, which melt at 228°: 

0°1094 gave 0°1461 CO, and 0°0565 H,O. C=36'42; H=5°78. 

0°5094 required 15°5 c.c. V/10-NaOH. NH,=5'16. 
C,9H,,0,BrS-NH, requires C=36°57; H=5'53; NH,=5'18 per 

cent. 

The salt prepared in the manner just described gave the follow- 

ing results on determining its rotation-constants : 


0-1570 Gram in water. 0-9050 Gram in water. 


Hg,5461. Hg,5780. Na,5893. Hg,5461. Hg,5780. Na.5893 
149° = + «:10-71° 4- -9-10° + = 8-63° 

+ 888 + 75-4 + 715 

4291-0 4247-0 +235-0 


Hg,5461/Na,5893 243 1-241 
H¢,5780/Na,5893 ; 1-054 

In ethyl-alecoholic solution the salt exhibits much higher rotatory 
powers; the molecular rotatory powers for the three wave-lengths 
used were determined as [M] + 327°, +278°, and + 266° respec- 
tively in a 0°5 per cent. solution. The rotatory dispersions, 
measured in the terms stated above, are smaller in the alcoholic 
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solution, the values 1°227 and 1°043 being calculated from the 
results just given. 

It will be noted that the molecular rotation for the mercury 
green line of the ammonium salt in aqueous solution, prepared by 
evaporation in presence of excess of ammonia, namely, [M] + 290°, 
is practically identical with that of the barium salt showing 
|M]/2+374° after the latter had been heated with aqueous . 
ammonia, namely, [M]/2+ 293°. The change of rotatory power 
thus caused in the barium salt has been tentatively ascribed above 
to the occurrence of dynamic isomerism, leading to the production 
of an equilibrium mixture of two stereoisomeric barium salts of 
| M|/2+ 293°; the investigation of the ammonium salt was therefore 
prosecuted in the direction thus indicated. 

The ammonium salt is extremely soluble in water and alcohol, 
and cannot conveniently be fractionally crystallised from either of 
these solvents; but it was found that fractionation can be effected 
by adding warm, dry acetone to a hot, concentrated alcoholic solu- 
tion of the salt, the proportions of solvent being so adjusted that 
crystallisation commences a few minutes after the solution has 
remained in the open laboratory. On crystallising about 35 grams 
of the salt showing [M] + 290° under these conditions, a separation 
of 17 grams was obtained in one series of experiments; this ex- 
hibited [M] 544+ 266°, and on careful fractional crystallisa- 
tion yielded a set of least soluble fractions showing [M] + 228°, 
+207°, and +176°. The latter fraction consisted of clusters of 
small, glistening needles, melting at 227—-228°, and weighed 2°3 
grams; it appeared to represent a pure substance, and was there- 
fore carefully characterised : 

0°3088 gram required 9°4 c.c. V/10-NaOH. NH,=5'17. 

C,9H,,0,BrS-NH, requires NH,=5'18 per cent. 
0-1508 Gram in water. 


Hg,5461. Hg,5780. Na,5893. 
0-90° + 0-84° 

L 44-8 + 41-8 

4+-147-0 +-137-0 


Hg,5461/Na,5893 = 1-286 ; _Hg,5780/Na,5893 = 1-072 


The rotatory power of this salt remains unchanged after the sub- 
stance is evaporated with water on the water-bath or with dilute 
acetic or hydrochloric acid. When the salt was evaporated to dry- 
ness with addition of dilute ammonia the rotatory power rose to 
practically the original value of [M]| + 290°; 0°1571 gram in water 
ave Bie 54g, +1°85°: whence [a] +883° and [M]+288° It 
thus appears that on evaporating the acid with ammonia solution 
an equilibrium mixture of two stereoisomeric salts is obtained 
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which shows |M|+290°; that from this mixture a component, 
possibly representing one of the isomerides in a fairly pure state, 
is separable by fractional crystallisation, and shows [M] +176°, 
and that this, although stable in neutral and acid solutions, reverts 
to the equilibrium mixture, which shows [M] + 288°, when 
evaporated with ammonia. 

The mother liquor remaining after the separation of 17 grams 
out of the original 35 grams of ammonium salt yielded, on concen- 
tration, two fractions, which gave [M],,,, +357° and +359° re- 
spectively, and practically nothing was left in the final mother 
liquor. These two fractions were mixed and fractionally crystal- 
lised from alcoholic acetone solution; the rotatory powers of the 
fractions increased with progressive crystallisation until finally a 
considerable amount of ammonium salt of constant rotatory power 
was obtained. This material appeared to be a definite substance ; 
it is mere soluble than the salt described above, melts at 222—223°, 
and separates from alcoholic acetone in stellate groups of long, 
lustrous needles : 


0°2964 gram required 8°9 c.c. V/10-NaOH. NH,=5'10. 
C,)H,,0,BrS-NH, requires NH,=5'18 per cent. 


0-1493 Gram in water. 


Hg,5461. Hg,5780. Na,5893. 
iit iaseakaee + 225° + 1-939 + 182° 
i tdi +113-0 + 97-0 + 91-4 
i ihskicndibaévens +371-0 +318-0 + 300-0 


Hg,5461/Na,5893= 1-236 ; Hg,5780/Na,5893 = 1-060. 


It has been shown above that the isomeric salt of [M],,,, +176° 
is converted, by evaporation with ammonia, into an equilibrium 
mixture of [M],,,, +288°. On evaporating a pure, aqueous solu- 
tion of the ammonium salt of [M],,,, +371° to dryness, the rota- 
tory power, subsequently determined, was unaltered; after 
evaporating an aqueous solution of 0°1517 gram to dryness, with 
the previous addition of a small quantity of ammonia, the solution 
obtained by making up the residue to 30 c.c. with water gave 
G54, +1°79°: whence [a],.,,+88°5° and [M],,,,+290°. Another 
quantity, of 03002 gram, taken from a fraction showing 
{ M]5s¢1 + 358°, made up to 30 c.c. with water containing a little 
ammonia, gave at first a,,.,+4°34°, corresponding with 
|M],..; + 356°, and after five hours, a,,,,+4°11°, corresponding with 
[M],44;+337°; after twenty-four hours the value a,,,,+3°88° was 
observed, corresponding with [M],,,.+318°. Further, a quantity 
of the salt showing [M];,,,;+371° was converted into the barium 
salt by treatment with baryta; the solution was evaporated to dry- 
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ness and dried at 100°, and the rotatory power of the residual pure 
barium salt determined, with the following results: 


0-1856 Gram in water. 


Hg,5461. Hg,5780. Na,5893. : 
i oe cates + 1-88°° 4+ 157° + 147° 
MORE TI + 76-0 + 63-4 + 59-4 
BE cencssievsenie + 288-0 4.240-0 + 225-0 


Hg,5461/Na,5893= 1-279 ; Hg,5780/N2,5893 = 1-068 


Consideration of the numerical data quoted above shows that 
both the apparently pure salts separated, showing [M],,,,+176° 
and +371°, are convertible into salts which, in aqueous solution, 
exhibit the value [M],,,,+288°; no doubt can therefore remain as 
to the accuracy of the conclusion that the two substances, one of 
high and one of low rotatory power, represent dynamic isomerides 
which are readily convertible into an equilibrium mixture which 
shows about [M],,,, + 288°. 


Potassium d-a-Bromocam phor-B-sul phonate. 


This salt. was described by Armstrong and Lowry (T., 1902, 81, 
1451) and Lowry and Magson (T., 1906, 89, 1045); Lowry and 
Desch (T., 1909, 95, 1342) remarked that it is stable in neutral 
aqueous solutions, but exhibits increased solubility and decreased 
rotatory power on addition of a trace of ammonia to its aqueous 
solutions. 

We prepared the salt by evaporating solutions of equivalent 
quantities of the acid and potassium hydrogen carbonate with 
water on the water-bath; the residue is very soluble in water, and 
erystallises from warm alcohol, in which it is rather less soluble, in 
thin, transparent plates, which contain a somewhat indefinite 
amount of water of crystallisation : 

1°9000 lost 0°1036 at 100°. H,O=5°45. 

C,oH,,0,BrSK,H,O requires H,O=4°91 per cent. 

The rotatery powers of the several fractions were determined 
after the salt had been dried at 100°; the first fraction gave the 
following results: 


0-1565 Gram. 0-9539 Gram. 
Hg,5461 Hg,5780. Na,5893. Hg,5461. Hg,5780. Na,5893. 
ie kccudwswns + 2-13° + 1-82° + = 1-74° + 13-11° + 11-19° + 10-70° 
Ree +102: + 87-2 + 83-4 +103-1 + 88:0 -+ 841 
i. ieee +357-0 +3050 -+292-0 +3610 +3080 +295-0 
Hg,5461/Na,5893 1-224 1-225 
Hg,5780/Na,5893 1-046 1-046 


The mother liquor gave, on spontaneous evaporation, a mixture 
of transparent plates with a white, opaque, arborescent, crystalline 
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growth ; the latter material was separated mechanically, and, after 
drying at 100°, gave the following values on determination of the 


rotatory power : 
0-0898 Gram in water. 


Hg,5461. Hg,5780. Na,5893. 
i a ai + 130° 4+ 110° + 103° 
“ee +109-0 - 91-9 + 86-0 
TU ci etciagiia +379-0 +321-0 +300-0 


Although the great solubility of the potassium salt in all the 
available solvents prevents any attempt at systematic fractionation, 
it is clear from the results quoted that the material of less solubility 
exhibits the smaller rotatory power. 


Ethylamine d-a-Bromocam phor-B-sul phonate. 


The ethylamine salt was prepared by evaporating an aqueous 
solution of the acid with an excess of the base; the residue, on 
crystallisation from benzene, was obtained in fine colourless needles, 
which melt somewhat indefinitely at about 100°. The anhydrous 
salt melts at 133—134°: ° 

0°9800 lost 0°0249 at 100°. H£O=2°54. 

C,>H,;0,Br8,C,H,N,0°'5H,O requires H,O=2°47 per cent. 
0°5158 anhydrous salt required 14°4 c.c. V/10-KOH. C,H,N= 
12°58. 
CioH,,;0,Br8,C,H,N requires C,H,N =12°65 per cent. 

The following determinations of rotatory power were made on 

salt which had been rendered anhydrous by drying at 100°: 


0-1513 Gram in water. 0-7684 Gram in water. 
Hg,5461. Hg,5780. Na,5893. Hg,5461 Hyg,5780. Na,5893. 
eee + 1-82° + 1-56° + 1-475 + 9-35° + 798° + 7-54 
eae 4+ 02 4+ 77-3 + 72-9 4+ 913 + 77:9 + 736 
| awerese +3210 +275-0 +259-0 +3250 -+-277-0 -++262-0 
Hyg,5461/Na,5893 1-238 1-240 
Hg,5780/Na,5893 1-061 1-058 


The molecular rotatory powers of this salt are considerably 
smaller than those of the ammonium salt of highest rotatory power, 
and the material would consequently be supposed to be an 
equilibrium mixture of the two stereoisomeric dynamic isomerides ; 
owing to their great solubility, neither the ethylamine nor the 
potassium salt are conveniently subjected to fractional crystallisa- 
tion. 

Silver d-a-Bromocam phor-B-sul phonate. 

This salt was obtained by evaporating to dryness a solution of 

the acid which had been saturated with silver hydroxide; the 
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residue is best crystallised from solutions which are kept slightly 
acid, and the salt separates, on cooling the hot solution, in aggre- 
gates of lustrous, opaque needles. It melts at 98° in its water of 
crystallisation, and after drying decomposes suddenly, without melt- 
ing, at 206°: 

| 0°6087 required 13°6 cc. W/10-NH,CNS. Ag=24°05. 

0°6097 “ 13°5 cc. W/10-NH,CNS. Ag=23°94. 

C,9H,,0,BrSAg,1°5H,O requires Ag=24°24 per cent. 

The water cannot be directly estimated from the loss on heat- 
ing because of decomposition ; the above analyses indicate that the 
salt has the molecular weight of 449°5, and this value is employed 
in calculating the molecular rotatory powers given below: 


0-2064 Gram in water. 0:9145 Gram in water. 
Hg,5461. Hg,5780. Na,5893. Hg,5461. Hg,5780. Na,5893. 
ese ae + 2-35° + 2-01° + = 1-90° + 10-14°+ 869° + 8-25° 
C Sepeeeer + 84 + 73:0 + 69:0 + 832 + 713 + 67-7 
ne +3840 +3280 +310-0 +3740 +3200 +3040 
Hg,5461/Na,5893 1-237 1-229 
Hg,5780/Na,5893 1-058 1-053 


The silver salt used in the above determinations represented the 
major part of the original preparation, and not a small fraction 
obtained after the prolonged fractional crystallisation of the first 
product: in view of the high values of the molecular rotatory 
powers, it is to be concluded that the silver salt does not occur 
in appreciable quantity as the dynamic isomeride of low rotatory 
power. 


Zine d-a-Bromocam phor-B-sul phonate. 

Basic zine carbonate dissolves readily in a boiling aqueous solu- 
tion of the acid, and after filtration and crystallisation the zinc salt 
is obtained in glistening, colourless, six-sided scales; the salt is 
sparingly soluble in boiling water : 

0°8666 lost 0°1066 at 110°. H,O=12°30. 

1°4602 gave 0°1505 ZnO. Zn=8°28. 

(C,9H,,0,Br8),Zn,5°5H,O requires H,O=12°63; Zu=8'33 per 

cent. 

The first fraction which separated on crystallising the salt from 
boiling water gave the following values on determination of the 


rotatory power: 
0-2058 Gram in water. 


Hg, 5461. Hg,5780. Na,5893. 
a eae 4+ 259° 4 2-20° + 210° 
Rae RE + 94-4 + 80-2 + 765 
OE vospiaioheaie +370-0 - 314-0 +300-0 


Hg,5461/Na,589 = 1-233; Hg,5780/Na,5893 = 1-048. 
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The second fraction of the salt resembled the first, but showed 
the smaller molecular rotatory power of [M]546);/2+354°; the 
mother liquor, when evaporated to dryness, yielded a small quantity 
of a much more soluble isomeric salt, which gave the following 
results: 0°1848 gram, dried at 110°, gave a54¢,+1°32°, whence 
{a]+53°6° and [M]é4g;/2 + 184°. 

In another preparation the whole of the salt produced was 
obtained in the crystalline condition by evaporating the aqueous 
solution to dryness; with this material the following rotatory- 
power determinations were made : 


0-1743 Gram (dried at 110°) in water. 


itn, 

Hg,5461. Hg,5780. Na,5893. 

SES SO eee + 226° 4+ 1-91° + 1-81° 
ABA + 97:3 L $2.2 + 77-9 
een + 336-0 + 282-0 + 267-0 


Hg,5461/Na,5893= 1-249 ; Hg,5780/Na,5893=1-055. 


The experimental data recorded in the previous pages indicates 
clearly that the salts of d-a-bromocamphor-f-sulphonic acid exist 
in two dynamic isomerides, as suggested by the work of Lowry and 
his pupils. The results now obtained show, in addition, that the 
isomeride of highest molecular rotatory power, of about 
{M54 + 380°, can be obtained in an apparently pure condition 
in the form of several of the salts of the acid which we describe; 
the isomeride of lower rotatory power perhaps exists in an approxi- 
mately pure state in the ammonium salt of [M];4,,+176°. The 
evidence is naturally strengthened by the fact that we are able 
to convert either of the two ammonium salts into an equilibrium 
mixture of the two by evaporation with ammonia. 

The molecular rotatory powers in aqueous solution of the salts 
with which we deal are, of course, the molecular rotations of the 
ion of the acid itself at the concentrations which have been 
examined. In this connexion, it is interesting to notice that con- 
siderable differences seem to exist between the rotatory dispersions 
of the two dynamically isomeric acid ions. Consideration of the 
appended table shows that high molecular rotation for the line 
Hg,54g, 18 accompanied, in general, by a small value for the dis- 
persion, Hg,5461/Na,5893, and vice versa; the same is true in 
connexion with the dispersion, Hg,5780/Na,5893, although these 
values, approximating more closely to unity, fluctuate more con- 
siderably with experimental error than in the former case, 
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Concentration 
Salt. per cent. [M]5461. Hg,5461/Na,5893. Hg,5780/Na,5893. 
BD cscsnngns 0-7 +384° 1-237 1-058 
3-0 374 1-229 1-053 
Oe icdenséies 0-5 380 1-220 1-039 
Acid ...... 0-5 376 1-228 1-053 
3-0 378 1-227 1-051 
UR, ichnwicdnaes 0-5 374 1-229 1-055 
2-0 372 1-230 1-053 
0-5 288 1-279 1-068 
NH, ....:. 0-5 371 1-236 1-060 
0-5 290 1-242 1-054 
3-0 291 1-24] 1-054 
0-5 176 1-286 1-072 
EtNH, 0-5 321 1-238 1-061 
2-5 325 1-240 1-058 
itciccnces 0-7 370 1-233 1-048 
0-6 336 1-249 1-055 
. See 0-5 357 1-224 1-046 
3-0 361 1-225 1-046 
0-3 379 1-262 1-029 
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LXXXILI.— The Optical Activity of Compounds of Semple 
Molecular Constitution. Ammonium d- and |- 
Chlovovodomethanesulphonates. 


By WixiiaAmM Jackson Pope and Joun Reap. 


Amonust the most fundamental stereochemical problems that have 
hitherto remained unsolved, the question of determining the 
greatest degree of molecular simplicity which is compatible with 
the persistence of optical activity stands out as prominent. No 
optically active substance the molecule of which contains less than 
three carbon atoms has up to the present been satisfactorily 
characterised. The conclusion has thus been forced upon us by the 
difficulties encountered in the attempt to prepare optically active 
substances of simple molecular constitution that a certain degree 
of molecular complexity is essential to the exhibition of optical 
activity by a substance of enantiomorphous molecular configuration. 

The literature contains records of attempts to resolve compounds 
containing only two carbon atoms, of which one is asymmetric, 
but the perusal of these does not yield satisfactory evidence as to 
the success of the attempts. Porchers (Bull. Soc. chim., 1903, [iii], 
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27, 438) states that chlorosulphoacetic acid is easily resolved by 
crystallisation with strychnine or cinchonine; no quantitative daia, 
either of analyses or of rotatory power, are given in this pre- 
liminary note, and it is remarked that the optical activity of the 
acid is fugitive. The author promises further details, but these, 
up to the present, have not been forthcoming. Porchers’ results 
with this acid are in distinct disagreement with those which we 
have obtained (T., 1908, 93, 794), and we therefore dismiss them 
as not in accordance with experiment. Swarts claims to have 
resolved fluorochlorobromoacetic acid, CFCIBr-CO,H, with the aid 
of strychnine and cinchonine (Bull. Acad. rey. Belg., 1896, [iii], 
31, 28; also Mémoires couronnés, 1896, 54); the evidence here 
rests mainly on the isolation of two strychnine salts of different 
rotatory powers, because the free acid decomposes too readily, when 
liberated from the salts, to allow of its separation in a stable 
optically active form. 

The two acids referred to above, representing the most simple 
molecular constitutions which have been yet discussed in this con- 
nexion, both contain two carbon atoms in the molecule; no case 
in which the molecule contains but one carbon atom has hitherto 
lent itself to investigation with positive results. In the present 
paper we describe the preparation of the externally compensated 
chloroiodomethanesulphonic acid, CHCII-‘SO,H, and show that this 
substance can be resolved into optically active components by an 
adaptation of the general methods; the dextro-component of the 
substance has been obtained in the form of its ammonium salt in 
a state of apparent purity, and exhibits quite high molecular 
rotatory powers. It is rather remarkable that this optically active 
substance, which contains less than 5 per cent. of carbon, retains 
its optical activity with persistence, and cannot be racemised by any 
of the moderately energetic agents with which we have treated it. 

The present paper does not record the complete investigation of 
this entirely novel kind of case of stereoisomerism accompanied by 
optical activity; the experimental work has been carried so far 
as to prove definitely that an optically active substance the mole- 
cule of which consists of one carbon atom united to four inorganic 
atoms or groups can exist in a perfectly stable form. The quanti- 
tative data now given, although sufficient to prove this proposition, 
are not to be regarded as contributing standard values for the 
constants of the optically active substances described ; they are put 
forward now because the material at our disposal is exhausted, and 
some months will elapse before we can command sufficient supplies 
of chloroiodomethanesulphonic acid to permit of the completion of 
the work, 
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We have recently been able to prepare a fairly strong optically 
active base in quantity, namely, hydroxyhydrindamine (T., 1912, 
101, 758); this work was undertaken mainly because it seemed 
that powerful bases should prove more efficient than feeble ones, 
such as the naturally occurring alkaloids, for the resolution of 
externally compensated acids. The dissociation constants of the 
new base have been kindly determined for us by Dr. George 
Barger, with the following results: 


Hydroxyhydrindamine Nitrate at 25°. 


v. MK. Mea: 
256 89-0 +6 95-0 
512 90-7 -|-4 94-7 
1024 92-3+42-5 94-8 


The mean value of p,, calculated as suggested by Bredig 
(Zeitsch. physikal. Chem., 1894, 13, 289), for the salt is 94°8; 
allowing 71°0 for the acid ion, u, for the basic ion becomes 23°8. 


Hydroxyhydrindamine Hydrochloride at 25°. 


Vv. Me Ma - 
256 93-4-+-6 99-4 

Allowing 75:2 for the acidic ion, the value », =24°2 is obtained 
for the basic ion; on adding the value OH’=196 to the mean 
value of 24°0 for the basic ion, the value p, 220 is obtained for 
the base. 

Owing to the difficulty of keeping atmospheric carbon dioxide 
from the solutions, the following four concentrations of the base 
itself were made up separately : 


v. BK. a, k. 

32 1-50 0-0068 0-Q0000145 

64 2-05 0:0093 0-00000137 
128 2-88 0-0131 0-:00000136 
256 3°92 00180 0°00000129 


The mean value of £=0°00000137, and the true value is prob 
ably slightly lower than this, £=0°00000135. It thus appears that 
hydroxyhydrindamine is a weaker base than ammonia or benzyl- 
amine, for which £=0°000023 or 0°000024, but a much. stronger 
base than pyridine or aniline, for which k=2°5x10-" or 
11 x 10-1, respectively. 

We have attempted to resolve chlorosulphoacetic acid by the 
aid of this base, but with results which, as will be seen below, are 
inconclusive; by the application of the same base, however, we 
have been successful in effecting the partial resolution of externally 
compensated chloroiodomethanesulphonic acid, and the information 
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thus gained has led to the complete resolution of the acid with the 
aid of brucine. 


d-Hydroxyhydrindamine dl-Chlorosulphoacetate, 
CO,H-CHCI1-SO,H,2C,H,O-N H,. 


A standard solution of the acid was prepared by the method we 
have previously described, and, on evaporation with the correspond- 
ing quantity of d-hydroxyhydrindamine, a crystalline residue of 
the salt remained. The compound is most conveniently recrystal- 
lised by solution in hot alcohol with the addition of a little water ; 
after adding a further quantity of hot alcohol, and allowing to 
cool, the compound separates in very lustrous, hard, transparent 
prisms, melting and decomposing at 222°. It is sparingly soluble 
in hot alcohol, but dissolves readily in water: 

0°1269 gave 0°2355 CO, and 0°0639 H,O. C=50°61; H=5'64. 

C,H,0;C1S,2C,H,,ON requires C=50°77; H=5°33 per cent. 

On separating the purified salt into four fractions by crystallisa- 
tion from the solvent mentioned above, and determining the rota- 
tory powers in dilute aqueous solution, the values [M]j4¢)/2 of 
+ 62°89, +64°3°, +63°7°, and +62°3° were obtained. On re- 
erystallising the first fraction with [M]/2 +62°8°, the values 
+59°79, +56°6°, and +56°3° were obtained after the several 
crystallisations. 

The variations in rotatory power exhibited by the apparently 
pure salt at the different stages in the recrystallisation suggest 
that resolution has been effected; on precipitating the acid from 
the fractions as the sparingly soluble barium salt by adding barium 
chloride to the concentrated aqueous solution, an optically inactive 
product was, however, in each instance obtained. 


Chloroiodomethanesul phonic Acid, CHCIL-SO,H. 


The apparent failure to effect the resolution of chlorosulphoacetic 
acid by means of d-hydroxyhydrindamine led us to prepare chloro- 
iodomethanesulphonic acid; the latter may be prepared by a 
method similar to that used by Andreasch in the case of chloro- 
bromomethanesulphonic acid (J/onatsh., 1886, 7, 159). 

Barium chlorosulphoacetate (7°5 grams) and iodine, in molecular 
proportion, are heated with water (20 c.c.) in a sealed tube for 
six to seven hours at 160—170°; the contents of the tubes are 
treated with sufficient dilute sulphuric acid to precipitate all the 
barium, and the filtrate is evaporated on the water-bath until all 
the hydrogen iodide is expelled. Any trace of iodine still retained 
is destroyed by addition of a little sulphurous acid. On evaporating 
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the solution to dryness, the free acid remains as a hygroscopic, 
colourless, crystalline mass, which does not lend itself to analysis. 


Externally Compensated Ammonium Chloroiodomethanesulphonate, 


CHCII-SO,-NH,. 


The ammonium salt, obtained by neutralising a solution of the 
acid with ammonia and evaporating to dryness, is very soluble in 
water, and crystallises from hot alcoholic solution in thin, colourless, 
glistening plates. It softens below 220°, and melts and decom- 
poses at 221—222°; iodine is given off at higher temperatures. 
The salt is very sparingly soluble in acetone: 

0°3871 gave 0°5325 AgCl+AgI. Cl+1=59°07. 

0°5070 required 18°3 c.c. V/10-NaOH. NH,=6°15. 

CHO,CIIS-NH, requires Cl+ I1=59°37; NH,=6°23 per cent. 

Chloroiodomethanesulphonic acid is probably formed by the 

above method in accordance with the equation: 


2CHCIXSP!>Ba + 21, + H,0 = (CHCLSO,),Ba + BaCO, + CO, + 2H. 


Secondary reactions occur at the same time; the solutions of acid 
obtained were found to contain small quantities of other products, 
including chloromethanesulphonic acid and unchanged chloro- 
sulphoacetic acid. Certain of these impurities form sparingly 
soluble barium salts; on converting the acid into barium salt and 
treating with warm water, barium chloroiodomethanesulphonate 
dissolves readily, whilst the salts of the impurities remain to a 
large extent undissolved. 


Brucine dl-Chloroiodomethanesulphonate, 
Cy3Hog0,N,,CHCII-SO,H. 

The most satisfactory method for purifying chloroiodomethane- 
sulphonic acid consists in taking advantage of the fact that the 
brucine salt of this acid is practically insoluble in water. It 
separates in fine, colourless, glistening needles on adding a solu- 
tion of a soluble brucine salt to an equivalent amount of a hot, 
aqueous solution of a salt of the acid; after cooling the solution 
the separation of brucine salt is found to be practically quantita- 
tive. The salt may be recrystallised from a large volume of boil- 
ing aqueous alcohol. It melts and decomposes rapidly at 272°: 

0°1000 gave 0°1611 CO, and 0°0394 H,O. C=43°94; H=4°41. 

C3H,,O,N,,CH,O,C1IIS requires C=44°26; H=4°34 per cent. 

No observations of the rotatory power of the salt could be made, 
owing to its very sparing solubility in all the solvents used. After 
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removal of the brucine by addition of ammonia and extraction 
with chloroform, no optical activity could be detected in the 
aqueous solutions. 


Resolution with d- and |\-Hydroxyhydrindamine. 


On dissolving d-hydroxyhydrindamine in the corresponding 
quantity of an aqueous solution of externally compensated chloro- 
iodomethanesulphonic acid and evaporating, a crystalline salt 
separates; the latter is very soluble in water, alcohol, or acetone, 
less so in ethyl acetate, and practically insoluble in benzene or 
chloroform. On fractional crystallisation from hot ethyl acetate 
three successive fractions gave [a];,.,+14°3°, +21°5°, and + 24°9° 
in 1 per cent. aqueous solutions. 

A larger quantity of the salt of the acid with /-hydroxyhydrind- 
amine was prepared and extracted several times in the cold with 
acetone; a small quantity of salt remained undissolved, and was 
found by analysis to be the chloromethanesulphonate of the base. 
It was therefore rejected as impurity, and the substance which 
had been dissolved by the acetone recovered by evaporation; it 
crystallised from hot ethyl acetate containing a little acetone in 
voluminous, feathery needles melting at 192° with previous 
softening : 


0°1137 gave 0°1233 CO, and 0°0355 H,O. C=29°58; H=3'49. 
C,)H,,ON,CH,O,CIUS requires C=29°59; H=3°23 per cent. 

0°2076 gram, made up to 30 c.c. with water, gave a54g, —0°45°, 
whence [a];4g; —16°3° and [M],,¢,—65°9°; the hydrochloride of. the 
base gives [M]4g,;— 72°4° in aqueous solution (Pope and Read, T., 
1912, 101, 770). 

This salt thus represents the pure chloroiodomethanesulphonate 
of J/-hydroxyhydrindamine; when recrystallised from the same 
solvent it gave a crop of fine needles which showed [M],4¢, —46°1° 
in aqueous solution. This fraction should therefore contain a pre- 
ponderance of the dextro-component of the original acid. The 
acid was separated from it as the very sparingly soluble brucine 
salt, the brucine removed by addition of ammonia and extraction 
with chloroform, and the aqueous solution evaporated to dryness. 
The ammonium salt was then obtained as a pale yellow, crystalline 
substance, which gave the following rotatory-power determinations : 

0°3172 gram, made up to 30 c.c. with water at 20°, gave 
G54, +0°43° in a 4-dem. tube, whence [a].,+10°2° and 
[M Jose: + 27°8°. 

The further fractionation of the original /-hydroxyhydrindamine 
salt of [M];4¢,;—65°9° yielded a more soluble salt, similar in appear- 
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ance to the first; 0°2040 gram, made up to 30 c.c. with water at 
20°, gave a54g,—0°69°, whence [a]s4g;—25°4° and [M]é4¢, — 102°9°. 
As this salt should contain the Jaevo-acid, it was converted into 
brucine salt, and the ammonium salt prepared from it as before; 
0°2431 gram, in water, as above, gave G54¢,—0°35°, whence 
[a]54¢1 — 10°8° and [M]>4¢; — 29°59. 

The above results show that we have obtained ammonium d- and 
I-chloroiodomethanesulphonate with molecular rotatory powers in 
dilute aqueous solution of [M]g4g)+27°8° and —29°5° respectively. 
The resolution of the externally compensated acid by means of d- 
or /-hydroxyhydrindamine is, however, a very laborious process, 
and we could only separate small quantities of the two ammonium 
salts by its aid; no guarantee could be obtained that the two 
salts represent the pure optically active substances. In view of 
these difficulties, an attempt was made to modify the application 
of brucine to the externally compensated acid so as to assist the 
resolution ; this attempt proved successful. 


Resolution by Means of Brucine. 


It has been shown above that the brucine salt of the externally 
compensated acid is practically insoluble in water and ordinary 
solvents ; this suggested that although the brucine salt only yielded 
inactive acid, it is not necessarily a partially racemic salt, but may 
be a mixture of the brucine salts of the d- and /-acids of almost the 
same, and very sparing, solubility. A hot, aqueous solution of the 
‘ ammonium dl-chloroiodomethanesulphonate was therefore treated 
slowly with about one-third of the amount of brucine sulphate 
solution necessary for complete precipitation; crystalline brucine 
salt separated immediately, and the ammonium chloroiodomethane- 
sulphonate prepared from the deposit gave |M];.,,+18°0° in dilute 
aqueous solution. A second one-third of the necessary brucine 
sulphate was then added to the filtrate ; the ammonium chloroiodo- 
methanesulphonate prepared from the deposit similarly gave 
[M];4¢:+10°7°. After concentrating and precipitating the remain- 
ing acid by addition of brucine sulphate, a separation was obtained 
which yielded an ammonium salt of [M];.¢, —15°9°. 

It is thus clear that the device of fractional precipitation with 
brucine leads to the resolution of the acid; the method was there- 
fore applied systematically to a quantity of about 30 grams of 
acid. Five successive fractions of roughly equal weights were pre- 
cipitated, and the ammonium salt prepared from these gave the 
values [M]54¢,+19°2°, +15°9°, +12°79, +3°7°, and —7:4°; a final 
separation was obtained which gave ammonium salt too dark in 
colour for rotatory-power determination. 
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Having thus obtained some quantity of ammonium salt of fairly 
high dextrorotatory power, namely, 12°7 grams of an average 
[M];4¢: +14°2°, the fractional precipitation with brucine was re- 
peated, about 80 per cent. of the total amount of brucine hydro- 
chloride necessary for complete precipitation being immediately 
added. The ammonium salt was then regenerated from the separa- 
tion of brucine salt, its rotatory power determined, and the whole 
process again performed. The original 12°7 grams of [M]54g; + 14°2° 
gradually increased in rotatory power under this treatment, and 
yielded the following series of results: 80 grams _ with 
[M]+28°6°, 44 grams with [M]+30°6°, 33 grams with 
[M]+37°5°, 2°5 grams with |M]+ 38°9°, and, lastly, 2°0 grams with 
|M}]+43°1°. This small quantity of material represents the purest 
specimen of ammonium d-chloroiodomethanesulphonate we have 
been able to obtain, and its rotation-constants were therefore care- 
fully determined, with the following results; in the case of these 
and other determinations recorded in the present paper the amount 
of material stated in grams was made up to 30 c.c. with the solvent, 
and the rotatory power determined at 20° in 4-dem. tubes: 


0-3000 Gram in water. 1-0206 Gram in water. 
Hg,5461. Hg,5780. Na,5893. Hg,5461. Hg,5780. Na,5893. 


+ 053° + 049° + 214° + 1-80° “+ 1-66° 

+13-3 +123 +157 +132 +122 

436-2 +4335 +43-0 +4362 433-4 
Hg,5461/Na,5893 1-286 1-289 
Hg,5780/Na,5893 1-082 1-084 


0-5013 Gram in alcohol. 0-5021 Gram in water. 


Hg,5461/Na,5893 1-238 
Hg,5780/Na,5893 1-067 


The last determination in water solution was made on the 
material used in the preceding determinations after recrystallising 
it from hot alcoholic acetone; as the values are but little higher 
than those obtained for the substance before recrystallisation, it 
may be concluded that the highest value obtained, [M];4¢, + 43°7° 
in water, refers to the fairly pure ammonium d-chloroiodomethane- 
sulphonate. 

This salt crystallises in colourless, glistening scales, which melt 
and decompose at 227—228°: 

1:0631 grams required 38°9 c.c. V/10-NaOH. NH,=6°23. 

CHO,CLIS-NH, requires NH,;=6°23 per cent. 
In view of the interest which attaches to the question of the 
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ease or difficulty with which the optically active chloroiodomethane- 
sulphonic acids undergo optical inversion, several experiments 
were made for the purpose of determining the conditions under 
which racemisation occurs. 

The active ammonium salts are not changed in rotatory power 
by boiling in aqueous solution for ten minutes or by evaporating 
their aqueous solutions to dryness, either with or without addition 
of ammonia. The rotatory power is not changed by evaporating 
to dryness with hydrochloric acid, and a solution of ammonium 
l-chloroiodomethanesulphonate, which showed d54,,—0°34°, after 
heating at 130—150° in a sealed tube for two hours, gave 
A546; -0°38°. Two solutions of ammonium d-chloroiodomethane- 
sulphonate, which gave ds4g,;+0°67° and +0°52°, were boiled with 
addition of sodium hydroxide for forty-five minutes; the solutions, 
after neutralisation with hydrochloric acid and dilution to the 
original volumes, gave as,+0°50° and +0°45° respectively. 
These solutions, after the vigorous treatment described, gave a 
slight opalescence with silver nitrate. All these experiments show 
that the optical activity of the d- and /-chloroiodomethane- 
sulphonates is remarkably persistent, and that racemisation cannot 
be brought about by any ordinary treatment. 


Strychnine Chloroiodomethanesulphonates, 
C,,H.,0,N,°CHCII°SO,H. 

Strychnine dissolves slowly in an aqueous solution of the ex- 
ternally compensated acid on warming with the addition of small 
quantities of alcohol, and an oily substance is deposited on cool- 
ing; after dissolving the latter by addition of alcohol, and allow- 
ing the solution to evaporate slowly, a crystalline salt separates. 
The salt is moderately soluble in water, sparingly so in alcohol, 
and practically insoluble in acetone; it crystallises from hot alcohol 
containing a little water in lustrous prisms of quite characteristic 
appearance : 

0°1255 gave 0°2067 CO, and 0°0540 H,O. C=44:92; H=4°81. 

071401 ,, 0°2296 CO, ,, 0°0615 H,O. C=44°69; H=4°91. 

C,,H,.0,N,,CH,O,CLIS requires C=44°69; H=4°08 per cent. 

On repeated crystallisation from alcohol, to which a little water 
is added, the salt exhibits slight variations in rotatory power; five 
successive crystallisations yielded products with the values 
[@]54g, — 23°69, —23°5°, —22°5°, —22°0°, and —22°7° in 1 per cent. 
aqueous solutions. The last fraction gave the following standard 
values: 


VOL. CV. 3H 
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0-2013 Gram in water. 


Hg,5461. Hg,5780. Na,5893. 
itl csisitencs ae —0-52° —0-49° 
OO sl liasan —22-7 —19-8 —18-3 
iicicsatinene —134:3 —114-6 —107-9 


Hg,5461/Na,5893= 1-245 ; Hg,5780/Na,5893—= 1-061. 


For the purpose of ascertaining from these values whether resolu- 
tion had been effected by the strychnine, a set of accurate values 
of the rotatory powers of strychnine hydrochloride was made; the 
latter salt was prepared and analysed. As a result of several 
determinations, it was found that Cl=8°80 per cent., whence the 
molecular weight of the salt is 403. 


Strychnine Hydrochloride. 


0-2226 Gram in water. 0-3605 Gram in water. 
Hg,5461. Hg,5780. Na,5893  Hg,5461. Hg,5780 Na,5893. 
Wi acebicostsee —1-04° —0-88° —0-84° — 1-67° — ]-43° — 1-36° 
reer — 35-0 — 29-7 — 28-3 — 34-7 — 29-8 — 28-3 
aes —141-2 —119-4 —114-0 — 140-0 —119-9 —114-0 
Hg,5461/Na,5893 1-238 1-228 
Hg,5780/Na,5893 1-048 1-051 
0-6048 Gram in water. 
Hg,5461. Hg,5780. Na, 5893. 
Mitastidécananan — 2-80° — 2-39° —2-27° 
eA —34-7 —29-6 — 28-2 
I ae icdidsiliid —139-9 —119-4 ~113-4 


Hg,5461/Na,5893 = 1-233 ; Hg,5780/Na,5893 = 1-053. 


It is thus seen that in concentrations such as we are using the 
basic strychnine ion gives a molecular rotatory power of about 
[M5461 — 140°. 

About 30 grams of strychnine chloroiodomethanesulphonate were 
fractionally crystallised, each fraction being polarimetrically ex- 
amined, and the fractions being so sorted that the final product 
gave molecular rotatory powers as far removed as possible from 
the values for strychnine hydrochloride itself; about 20 grams of 
strychnine chloroiodomethanesulphonate were thus separated, which 
showed [M]54¢;—131°2° in aqueous solution. The identity of this 
salt was established by analysis, and the acid was separated from 
it, by addition of ammonia and extraction with chloroform, as the 
ammonium salt; the latter showed the value [M]g4¢,; —1°6° in dilute 
aqueous solution. From the combined mother liquors about a 
gram of a strychnine salt was isolated, which showed 
[M]5461-119°7°; this yielded an ammonium chloroiodomethane- 
sulphonate with [M]j;4¢) + 3°5°. 


ne a 
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The work detailed in the previous pages proves that we have 
succeeded in resolving externally compensated chloroiodomethane- 
sulphonic acid into optically active components by crystallisation 
with d- and /-hydroxyhydrindamine, brucine, and strychnine; the 
ammonium salt of the d-isomeride has probably been obtained in 
a condition of fair optical purity, and shows [M]j4¢; + 43°7° in dilute 
aqueous solution. The attachment of the four different atoms or 
radicles, H, Cl, I, and SO.H, to a single carbon atom thus suffices 
to condition optical activity; it will be remembered that an 
optically active substance has been described by Perkin and Pope 
(T., 1911, 99, 1528) in which the asymmetric carbon atom is 
attached to the atoms H, Cl, and Br, and to a large organic radicle. 
The further investigation of the subject is in progress. 


THE CHEMICAL LABORATORIES, 
THE UNIVERSITY, CAMBRIDGE. 


LXXXIV.—The Isomerism of the Oximes.* Part II. 
The Hydroxybenzaldoames. 


By Oscar Liste Brapy and Freperick Percy Dunn. 


Tue authors have for some time been engaged on a detailed in- 
vestigation of the three hydroxybenzaldoximes and their deriv- 
atives: much of the earlier work on these compounds has proved 
untrustworthy, and it has been found necessary to repeat and 
amplify it. 

Of the oximes themselves, o-hydroxybenzaldoxime or salicyl- 
aldoxime calls for no special comment, but the para- and meta- 
compounds require some mention. jHydroxybenzaldoxime was 
described by Lach (Ber., 1883, 16, 1782), who stated that it melted 
at 65°, and published an analysis agreeing with the formula 
C,H,O,N. Dollfuss, however (Ber., 1892, 25, 1924), showed that 
the compound obtained by Lach, and melting when pure at 
72—73°, contained water, and that the anhydrous oxime melted 
at 112°; he did not, however, state the amount of water in the 
hydrated variety. The authors have been able to show that the 
oxime melting at 72° contains 1 molecule.of water of crystallisa- 
tion, which it retains even after recrystallising from non-aqueous 


* The authors regret that in the previous paper on this subject no mention was 
made of the work of Patterson and McMillan on the rate of transformation of syn- 
into anti-oximes in ethyl tartrate solution (Proc. Phil. Soc. Glasgow, 1911). 
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solvents, but is lost on drying over potassium hydroxide in a 
vacuum, giving the oxime melting at 112°. 

m-Hydroxybenzaldoxime is described in the literature as melting 
at 87°, but Jowett (T., 1900, 77, 710) states that, after several 
recrystallisations from benzene, an isomeric compound melting at 
138° could be obtained. Jowett did not continue the investiga- 
tion and as this was possibly the first case in which a hydroxy- 
benzsynaldoxime had been isolated, the work has been repeated. 
After five recrystallisations from benzene, the melting point of the 
oxime rose to 90°, but another five recrystallisations produced no 
further change. The product on treatment with acetic anhydride 
gave an acetyl derivative identical with that obtained from the 
starting material. In view of the error of Lach in overlooking the 
water of crystallisation in the para-compound, the oxime was 
analysed, and shown to be anhydrous. (Found, C=61°1; H=5'2. 
Cale., C=61°3; H=5'l per cent.) Prolonged boiling with benzene 
under reflux had no effect on the melting point of the oxime. 
Jowett’s result cannot, therefore, be confirmed. 

In view of the important part played by the acetyl derivatives 
in the determination of the configuration of oximes, it was thought 
desirable to prepare these compounds, especially as the possibility 
that the hydrated and anhydrous phydroxybenzaldoximes might 
be different forms does not seem to have been considered. Lach 
(loc. cit.) mentions a diacetyl derivative of salicylaldoxime, which, 
however, in a subsequent paper (Ber., 1884, 177, 1572) he showed 
to be o-acetoxybenzonitrile. Dollfuss (Joc. cit.) describes monoacetyl 
derivatives of m- and p-hydroxybenzaldoximes. The fact that these 
compounds on hydrolysis regenerated the original oxime has been 
taken as establishing that the oximes existed in the anti-form; the 
possibility that the phenolic and not the oximino-group had been 
acetylated does not seem to have occurred to previous workers, 
and as the position of the acetyl group has not been proved, their 
deductions as regards the configuration of the oximes from a study 
of these compounds are not justified. 

The action of acetic anhydride on p-hydroxybenzaldoxime proved 
to be of unusual interest; if either the hydrated or the anhydrous 
oxime is dissolved in acetic anhydride, and the mixture left over 
calcium hydroxide and concentrated sulphuric acid in a vacuum, a 
monoacetyl derivative (I), identical with that of Dollfuss, is 
obtained, melting at 114—115°; if, however, a solution of hydrated 
or anhydrous oxime, or of the monoacetyl derivative, in acetic 
anhydride is treated with sodium carbonate solution, a diacetyl 
derivative (II), melting at 82°, is formed. That both the hydrated 
and anhydrous oxime yield a diacetyl derivative, and not 
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p-acetoxybenzonitrile, on treatment with acetic anhydride and 
sodium carbonate, definitely establishes that both these compounds 
have the anti-structure. It has, moreover, been shown that the 
monoacetyl derivative previously assigned the structure 
HO-C,H,-CH:NOAc 

has the constitution AcO-C,H,-CH:NOH, that is, is p-acetoxy- 
benzaldoxime. If this substance is dissolved in anhydrous ether 
and saturated with dry hydrogen chloride, a hydrochloride is pre- 
cipitated, which on decomposition with sodium carbonate solution 
yields a compound melting at 132°, and proving to be p-acetoxy- 
benzsynaldoxime (III). On treatment with acetic anhydride it 
gives p-acetoxybenzonitrile (IV), and on treatment with alkali 
hydroxide p-hydroxybenzonitrile (V), and, finally, phydroxybenzoic 
acid (VI). The course of these reactions is as follows: 


AcO-C,H, CH 


4 


aod AcO-N 
<r II 
HO-0,H,CH ¥% ri 
1 a 
HO: <| 
NO AcO-O,Hy CH yey 
Kon HON ~-> 
(.) 
“co, Ac0’C,H,:CH 
- e ° Na,CO. eo0 
AcO-C,H,-CH:NOH,HCI X#00s | “hon —> 
(III. ) 
AcO-C,H,°C a 
. “ww ail. KOS HO-0,H, CN 0H HO-0,H,:CO,H 
(IV.) (V.) (VI.) 


Monoacetyl derivatives of o- and m-hydroxybenzaldoximes have 
also been prepared, the meta-compound being identical with that 
of Dollfuss; there is, however, no evidence of the formation of 
diacetyl derivatives. Solutions of these acetyl compounds in dry 
ether give a precipitate with hydrogen chloride after prolonged 
treatment, but this proved in each case to be the hydrochloride of 
the original hydroxybenzaldoxime, the acetyl group having been 
removed. It seemed likely that in these cases, in distinction to the 
para-compound, the oximino-group was acetylated. In order to 
acquire further evidence on this point, the acetyl derivative of 
salicylaldoxime was methylated, and the product proved to be 
acetyl-o-methoxybenzaldoxime, yielding on hydrolysis o-methoxy- 
benzaldoxime. This establishes the position of the acetyl-group: 
HO-C,H,°CH:NOAc—> MeO-C,H,°CH:NOAc—> MeO°C,H,°CH:NOH 


Acetylsalicylaldoxime.  Acetyl-o-methoxybenzaldoxime. o-Methoxybenzaldoxime. 
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Since by acting on salicylaldoxime with acetic anhydride and 
sodium carbonate the oximino-group is acetylated instead of a 
nitrile being formed, it follows that salicylaldoxime must possess 
the anti-configuration. 

o-Acetoxybenzaldoxime, AcO-C,;H,CH:NOH, and the acetyl 
derivatives of m-hydroxybenzaldoxime are being investigated; the 
acetyl derivative of m-hydroxybenzaldoxime has not been methy]l- 
ated, as m-methoxybenzaldoxime has not been described. The 
authors hope to deal with this in a further communication. 

Whilst many substituted benzaldoximes have been shown to 
exist in the two isomeric forms, anti and syn, it is noteworthy that 
no evidence of the existence of a second isomeride has been 
obtained in the case of any of the hydroxybenzaldoximes. The 
authors have tried various methods under varying conditions to 
bring about the conversion, but so far without success. There 
seems to be no satisfactory reason for this failure, and, indeed, 
the conditions deciding the existence of a second isomeride are very 
little understood. Substitution in the ortho-position seems to 
hinder isomeric change; o-chlorobenzsynaldoxime and _ o-nitro- 
benzsynaldoxime have been obtained; o-methoxybenzaldoxime, 
however, cannot be converted by ordinary means into the syn- 
form, although the para-compound offers no difficulty; the amino- 
benzaldoximes have not been thoroughly investigated, but the 
authors have found that o-aminobenzaldoxime cannot be trans- 
formed into a second isomeride in’ the usual way. The different 
behaviour on acetylation of the o- and phydroxybenzaldoximes 
rather indicates that ortho-substitution influences the basicity of 
the oximino-group, which may have some bearing on the problem. 

It seems questionable whether any purely stereochemical reasons 
can be advanced to account for the ease or otherwise with which 
the syn-isomerides can be obtained; benzaldoxime substituted in 
the para-position by the halogens, or by the nitro-, cyano-, methyl, 
*methoxy-, ethoxy-, or acetoxy-group can be obtained in the two 
isomeric forms, whereas phydroxybenzaldoxime apparently only 
exists as the anti-compound. 

In view of the instability of the syn-aldoximes in the presence 
of acids, it is possible that the hydrogen ion of the phenolic group 
may play some part in the prevention of the formation of the 
syn-isomeride ; it is noteworthy that there is no case in which an 
aldoxime containing the possibility of an ionisable hydrogen atom 
has been shown to exist in the two forms. 
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EXPERIMENTAL. 
Preparation of the Hydroxybenzaldoximes. 


The oximes were prepared in the usual way by dissolving the 
aldehyde in alcohol, adding two equivalents of sodium hydroxide 
dissolved in a little water, and one equivalent of hydroxylamine 
hydrochloride, also in water. After remaining for twenty-four 
hours the solution was diluted, carbon dioxide passed in to decom- 
pose the sodium salt, and the oxime extracted with ether. The 
ether was removed at room temperature, and the residue recrystal- 
lised. In the case of salicylaldoxime, the most convenient method 
of purification was found to consist in dissolving in benzene, cool- 
ing in ice, and adding previously cooled light petroleum with 
constant stirring; the m-hydroxybenzaldoxime is best purified by 
two or three recrystallisations from benzene. The crude p-hydroxy- 
benzaldoxime contains water of crystallisation; part was recrystal- 
lised from a very little water, and the rest dried in a vacuum over 
potassium hydroxide, and the product recrystallised from 
anhydrous chloroform. The hydrated oxime melted at 72°: 


071186 gave 0°2340 CO, and 0°0648 H,O. C=53'8; H=6'1. 

0°3787 lost 0°0444. H,O=11°7. 

C,H,O,N,H,O requires C=54'2; H=5°8; H,O=11°'6 per cent. 

The compound remaining after dehydration melted at 112°: 

0°1274 gave 0°2845 CO, and 0°0605 H,O. C=60°9; H=5'2. 
C,H,0,N requires C=61°3; H=5'l per cent. 


The Acetyl Derivatives of the Hydroxybenzaldoximes. 


These compounds were obtained by treating the oximes with 
excess of acetic anhydride, warming gently, and allowing to remain 
for ten minutes; the excess of acetic anhydride was decomposed 
by shaking with sodium carbonate solution, and the solid acetyl 
derivative was collected and recrystallised. Acetylsalicylaldoxime 
is best recrystallised from acetone and water, and forms pale pink 
crystals, melting at 69°: 

0°1828 gave 12°0 cc. N, at 18° and 756 mm. N=8'0. 

C,H,O,N requires N=7°8 per cent. . 

The meta-compound is identical with that obtained by Dollfuss 

(loc. cit.), and melts at 113°. (Found, N=7°6. Calc., N=7'8 per 


cent.) 
Diacetyl-p-hydroxybenzaldoxime crystallises from acetone and 


water in pearly scales, melting at 81°: 
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01000 gave 0°2196 CO, and 0°0452 H,O. C=59°8; H=5°0. 
02116 ,, 12cc. N, at 19° and 765 mm. N=6°6. 
C,,H,,0,N requires C=59°7; H=4°9; N=6°3 per cent. 

It was found that the hydrated oxime also yielded this diacetyl 
derivative. 

In the case of the o- and m-hydroxybenzaldoximes, the same 
acetyl compounds were obtained if the oximes were dissolved in a 
minimum excess of acetic anhydride and left over calcium 
hydroxide and concentrated sulphuric acid in a vacuum; if, how- 
ever, phydroxybenzaldoxime is treated in this way, the monoacetyl 
derivative is obtained, melting at 114—115° (compare Dollfuss, 
loc. ctt.). 


Action of Hydrogen Chloride on the Acetyl Derivatives of the 
Hydrozrybenzaldoximes. 


The acetyl derivatives were dissolved in dry ether, the mixture 
cooled in ice, and saturated with dry hydrogen chloride. The 
ortho-compound after some time yielded a pale yellow precipitate, 
which was rapidly collected, and more hydrogen chloride passed 
into the filtrate. After some time a red precipitate was formed, 
which was also collected. The yellow compound was decomposed 
with sodium carbonate solution, an oily product being formed, 
which was extracted with ether. After removing the ether, an oil 
was obtained, which solidified on cooling; it was recrystallised 
from benzene and light petroleum, and proved to be salicyl- 
aldoxime. The red compound yielded a red, gummy mass on treat- 
ment with sodium carbonate, which on pressing on a porous plate 
left a red solid; this, and the similar compound obtained from the 
acetyl derivative of p-hydroxybenzaldoxime (see below), is being 
further investigated. The acetyl derivative of m-hydroxy- 
benzaldoxime behaved in much the same way, except that no 
coloured compound could be obtained. The precipitated hydro- 
chloride on treatment with sodium carbonate solution completely 
dissolved, and on extracting the solution with ether, m-hydroxy- 
benzaldoxime (m. p. 87°) was obtained. According to Luxmoore 
(T., 1896, 69, 189), “when dry hydrogen chloride is passed into a 
cooled ethereal solution of acetylbenzantialdoxime, benzonitrile is 
formed as stated by Minunni (Gazzetta, 1892, 22, ii, 174); in many 
cases benzamide is also obtained, and sometimes a hydrochloride of 
benzamide is precipitated.” The authors have repeated this experi- 
ment, but have found that the reaction proceeds in the same manner 
as in the case of the acetyl derivative of salicylaldoxime. After 
some minutes a white precipitate was obtained ; this was collected, 
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and proved to be a hydrochloride, and was decomposed with 
sodium carbonate solution. 

The residue was completely soluble in dilute alkali hydroxide, 
and the solution evolved no ammonia on boiling. After one re- 
crystallisation from benzene it melted at 129°, mixed with 
benzsynaldoxime at 130°, and with benzamide at 90—95° 

The ethereal solution from which the hydrochloride was separated 
was washed with water and sodium hydroxide solution to remove 
hydrogen chloride, acetic acid, and any benzaldoxime present and 
the ether evaporated. The residue consisted of a small quantity 
of oil, which solidified slowly, but was insufficient to admit of 
further examination ; there was, however, no odour of benzonitrile. 
Hence the main reaction consists in the elimination of the acetyl 
group and formation of the hydrochloride of benzaldoxime. 

The monoacetyl derivative of phydroxybenzaldoxime, when 
treated as above, gave more readily a pale pink precipitate (I), 
which was collected; the mother liquor, on remaining on ice, de 
posited a dark red compound (II), soluble in sodium carbonate to 
a deep orange solution, from which acids reprecipitated the red 
substance. The first-formed hydrochloride (I) was decomposed 
with sodium carbonate solution, and the white solid remaining was 
collected, the filtrate on extraction with ether yielding a small 
quantity of phydroxybenzaldoxime. The solid was recrystallised 
from dilute alcohol, when it separated in shining plates, melting 
at 131°: 


0°1030 gave 0°2274 CO, and 0°0482 H,O. C=60°2; H=5'2. 
C,H,O,N requires C=60°3; H=5'0 per cent. 


This compound, p-acetoxybenzsynaldoxime, on hydrolysis with 
alkalis, yielded acetic acid and phydroxybenzaldoxime. On treat- 
ing with acetic anhydride at 30°, decomposing the reaction mixture 
with sodium carbonate solution, and extracting with ether, a com- 
pound was obtained from the ethereal solution which proved to be 
p-acetoxy benzonitrile from its melting point (57°) and mixed melt- 
ing point with that substance. The compound so obtained was 
hydrolysed to p-hydroxybenzonitrile (m. p. 113°) by warming with 
dilute alkali, and finally, by using 50 per cent. alkali, to ammonia 
and phydroxybenzoic acid (m. p. 210°). 

In connexion with the determination of the position of the acetyl 
group in the acetyl derivative of salicylaldoxime, it has been neces- 
sary to prepare o-methoxybenzaldoxime and its acetyl derivative. 
An attempt was made to prepare a syn-derivative of the former by 
the action of dry hydrogen chloride in dry ether, but the hydro- 
chloride so obtained regenerated the original oxime on treatment 
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with sodium carbonate solution. The melting point of acetyl-o- 
methoxybenzaldoxime, prepared by either of the methods previously 
described for acetylsalicylaldoxime (see above), was 52°, which is 
12° higher than that given in the literature (Dollfuss, Ber., 1892, 


25, 1924). 


Methylation of the Acetyl Derivative of Salicylaldoxime. 


The acetyl derivative of salicylaldoxime was dissolved in ether, 
and a slight excess of methyl iodide added, and excess of dry silver 
oxide. The mixture was shaken from time to time, and finally left 
overnight; after filtering and removing the ether and excess of 
methyl iodide on the water-bath, an oily substance remained. A 
portion of this oil was left over calcium chloride in a vacuum for 
some days, and then cooled in a freezing mixture of ice and 
calcium chloride, when a crystalline substance separated. This was 
dried, and after recrystallisation melted at 51°, and did not depress 
the melting point of acetyl-o-methoxybenzaldoxime prepared from 
o-methoxybenzaidoxime. The rest of the oil was boiled for some 
minutes with 2N-alkali, and the solution acidified and extracted 
with ether; from the ethereal solution was obtained a small 
quantity of o-methoxybenzaldoxime, identified by its melting point 
(82°) and mixed melting point with a specimen of that compound 
prepared from o-methoxybenzaldehyde. 


Attempts to Prepare the Hydroxybenzsynaldoaimes. 


The authors have attempted to prepare the hydroxybenzsyn- 
aldoximes by the usual methods. The oximes were dissolved in 
anhydrous ether, and dry hydrogen chloride passed into the solu- 
tion; a copious, white precipitate of a hydrochloride was formed 
in each case, which was collected and dried. The hydrochloride of 
salicylaldoxime has been described by Lach (loc. cit.), but he omits 
to give the melting point, which was found to be 152° (with decom- 
position). The hydrochlorides of the m- and phydroxybenz- 
aldoximes are described by Dollfuss (loc. cit.), who did not, how- 
ever, analyse them. (Found, Cl=20°0, 20°3. Calc., 20°4 per cent.) 
The hydrochlorides were, in the first experiments, decomposed with 
dilute sodium carbonate ‘solution, and in the case of the last- 
mentioned compounds the reaction mixture was extracted with 
ether, since m- and phydroxybenzaldoximes are soluble in water. 
The ether was removed by a current of dry air, but in each case 
the original anti-oxime was obtained. The solid remaining after 
the decomposition of the hydrochloride of salicylaldoxime with 
sodium carbonate solution was crystallised from benzene and light 
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petroleum, and proved to be the original oxime, melting at 57°. 
The hydrochlorides were also decomposed witn dilute ammonia 
cooled with ice, but no evidence could be obtained of the formation 
of a syn-derivative (compare Luxmoore, T., 1896, 69, 177). The 
hydrochlorides of the ortho- and para-compounds were prepared in 
dry chloroform solution, the meta-compound being insufficiently 
soluble in this medium for this purpose, but no evidence could be 
obtained of the formation of a syn-derivative (compare Forster 
and Dunn, T., 1909, 95, 430). An attempt was also made to effect 
the transformation by passing dry hydrogen chloride into a solu- 
tion of the oxime cooled in a freezing mixture of ice and calcium 
chloride (compare Luxmoore, loc. cit.); the hydrochlorides so 
obtained proved, however, to be identical with those already pre- 
pared, and yielded the anti-oxime with sodium carbonate solution.* 
The hydrochloride of m-hydroxybenzaldoxime was obtained by 
Beckmann’s method (Annalen, 1909, 365, 261), by heating the 
aldehyde in alcoholic solution with hydroxylamine hydrochloride 
for three hours at 50°; the solution was then diluted, treated with 
sodium carbonate solution, and extracted with ether. After 
removing the ether, the oxime separated as an oil; this was treated 
at once with acetic anhydride, and yielded the acetyl derivative 
and no trace of nitrile. A large number of experiments have been 
made on the above lines, and in certain cases the oxime separated 
in an oily condition; when this occurred, rather than risk isomeric 
change during recrystallisation and purification, the oil was treated 
with acetic anhydride in the cold, but in no instance was any nitrile 
formed, the normal acetyl derivative being always obtained. Antt- 
oximes were always obtained, whether the experiments were con- 
ducted in diffused daylight or in the dark. 

Comstock (Amer. Chem. J., 1897, 19, 485) describes an additive 
compound obtained by treating benzantialdoxime with cuprous 
chloride, which on decomposition with sodium hydroxide and treat- 
ment with carbon dioxide yields benzsynaldoxime. Attempts were 
therefore made to prepare similar derivatives of the hydroxybenz- 
aldoximes, but without success. 

The action of light on the three hydroxybenzaldoximes was also 
investigated (compare Ciamician and Silber, Ber., 1903, 36, 4268; 
Brady and Dunn, T., 1913, 108, 1623). The oximes, suspended in 
benzene, were sealed in glass tubes and left for five months in a 
position where they would obtain a maximum amount of sunlight. 


* The flask in which this operation was carried out was closed with a two-holed 
cork through which passed an adapter from the hydrogen chloride generator and a 
calcium chloride tube to prevent moisture from the atmosphere condensing within 
the flask. 
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At the end of that time they were examined, but various fractions 
proved to be unchanged anti-oxime. 


In conclusion, the authors desire to express their thanks to the 
Research Fund Committee of the Chemical Society for a grant 
which has defrayed the expenses of this research. 
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LXXXV.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part V.* The 
Simpler Esters of the Carbinols CH,°CH(OH)°R. 
By Rosert Howson Pickarp and JosEpH KENYON. 


SEVENTY-THREE esters have been prepared from normal aliphatic 
acids and the optically active carbinolst of the series 
CH,°CH(OH):°R, which have been described in Part I (T., 1911, 
99, 45). These form the following eight homologous series of 
optically active esters, the chemical constitutions of all of which 
are analogous and very similar: (1) the esters of butan-A-ol, 
CH,;°CH(0-CO-R):C,H,; ; 
(2) the esters of pentan-8-ol, CH,-CH(O-CO-R)-C,H,; (3) the esters 
of hexan-B-ol, CH,;-CH(O-CO-R)-C,H, ; (4) the esters of heptan-f-ol, 
CH,°CH(O-CO-R)-C;H,,; (5) the esters of octan-f-ol, 
CH,°CH(O-CO-R):C,H,; ; 
(6) the esters of undecan-8-ol, CH,;*CH(O°CO-R)-C,Hj); (7) the 
acetates of the methylalkylearbinols, CH,-CH(O-CO-CH,)-R; and 
(8) the n-dodecoates of the same, CH,*CH(O-°CO-C,,H,3)'R. All 
the esters have, therefore, the general formula 


CH,°CH(0-CO-R):R,, 
where R and R, are normal alkyl groups, and may be identical, so 
that the esters described in this paper have the simplest constitu- > 
tion of those which contain an asymmetric carbon atom. 
* For Part IV., see T., 1913, 103, 1923. 1 


T ‘fo avoid confusion, only the compounds obtained from the dextrorotatory 
alcohols are mentioned throughout the paper, except in the case of the 7-8-heptyl 
hexeate, which was prepared from the levorotatory heptan-8-ol, It is highly 
probable that all the com; ounds possess the same configuration as the corresponding 
carbinols from which they have heen obtained and (with the exception of the one y 
mentioned above) they are accordingly designated ‘‘d,” although under some 
conditions described later they are levorotatory. 
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TaBe I. 
Molecular Rotatory Powers, |M]?. 
Butan- Pentan- Hexan- Heptan- Octan- Undecan- 


B-ol. B-ol. B-ol. B-ol. B-ol. B-ol. 
BONNE ssccsncss 29-70° 22-30° 14:59° 13-00° 11-77°  11-28° 
Propionate ...... 31-00 23-66 15:43 1440 12:99 11-75 
Butyrate ....... 31-63 24-92 1862 1891 17:90 17-68 
Valerate.......... 32-74 27-54 20-75 20-52 19-60 19-09 
Hexoate.......... 32-10 — 21-68 21-34 20-42 19-91 
Heptoate ....... 32-31 _ 22-17 21-72 20-78 20-37 
Octoate .......... 32-28 aut oe 21-95 21-12 ie 
Nonoate.......... 32-17 ee 22-69 22:26 21-50 21-25 
Undecoate ...... 32-48 oi 22-55 22:59 21-91 21-43 
Dodecoate ...... 32-48 28-19 22-68 22-58 21-84 21-91 
Myristate eas 32-21 — 23-10 22-52 22-40 21-87 
Palmitate ....... 31-99 one - 23-10 22-57 sce 
Stearate ......... 31-92 — — 23-15 22-61 — 
: nt : <3 : : 9 i) i) 
3 a | * a 3 2 QQ @ 
i a a a a oe ae oe a 
es @ 8 &@ @ @ § & F 
3 8¢ik #2 8s 3 2 8 F 
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Acetate ....... 29-70° 22-30° 14-59° 13-00° 11-77° 11-55° 11-28° 11-28° — 11-20? 
Dodecoate ... 32-48 28-19 22-68 22-58 21-84 21-88 21-81 21-91 22-04° 22-41 
Fic. 1 


SPECIFIC ROTATORY POWERS [-]* 
AT 20° OF ESTERS OF THE SERIES 
R-CH(O-COR)-CH, 


Specific rotatory powers. 


ae ae bo 4 ‘3 le —_— ee 


Number of carbon atoms in R, of group -O°CO°R,. 


It will be seen from Fig. 1 that the specific rotatory powers of 
the higher members of the first six series (as measured in the homo- 
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geneous state at 20° for sodium light) alter in magnitude in a 
manner common to each series, and dependent on the size (or mass) 
of the growing chain. The common shape of these curves indicates 
some close connexion between the optical activity of the members 
of an homologous series and the size (or mass) of the growing 
chain—a qualitative connexion for a long while suspected, and, 
indeed, fairly well established by this series of investigations, but 
not yet traced in a quantitative manner, probably for reasons now 
rendered obvious by the results recorded in this paper. 

Table I, p. 831, shows the values of the molecular rotatory 
powers of the esters calculated from the specific rotatory powers 
plotted in Fig. 1. These values of the molecular rotatory powers 
of the esters in the homogeneous state rise or fall continuously on 
ascending each series—at first rapidly up to a certain member of 
the series, beyond which the increase (or decrease) in the values for 
the succeeding members is of a smaller order. In the first six 
series of esters represented by the formula CH,-CH(O-CO-R)-R,, 
where R, stands for the ethyl, propyl, butyl, amyl, hexyl, or nony] 
group, the change in the rate of increase in the values of the 
molecular rotatory power always occurs at the valerate, that is, 
when the growing chain —CO-R contains five carbon atoms and 
R=n-butyl. It should be noted that the growing chain in these 
series is not attached directly to the asymmetric carbon atom, as in 
the three series of carbinols previously described, but only in- 
directly by means of the oxygen atom. In the series of acetates, 
CH,;°CH(O-CO-CH;)-R, and dodecoates, CH,*CH(O-CO-C,,H,;)°R, 
the values of the molecular rotatory powers decrease rapidly as 
the series are ascended up to those for the members in which the 
growing chain contains R=hexyl or R=butyl respectively. It is 
now fairly well established (see Part IV), as suggested originally 
by Frankland (T., 1899, 75, 368), that a change in the regu- 
larity of the values of the molecular rotatory powers of the 
members of an homologous series frequently occurs, when the grow- 
ing chain contains five carbon atoms, that is to say, at the member 
of the series in which the growing chain may be expected from 
stereochemical considerations all but to return on itself. In the 
first six series of esters this phenomenon is well illustrated, for in 
each case a break in the regularity of the values of the molecular 
rotatory powers occurs at the valerate. In the series of acetates 
and dodecoates, the departures from what must now be regarded 
as the normal progression of these values in an homologous series 
may be ascribed to the relative size of (or space occupied by) the 
respective groups —O-CO-CH, and —O°CO:C,,H,;. This, in the 
case of the smaller group in the acetates, causes the member in 
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which the growing chain contains six carbon atoms, and in the case 
of the larger group in the dodecoates, the member in which the 
growing chain contains four carbon atoms to occupy the con- 
spicuous position in the respective series. 


Influence of Temperature on the Rotatory Powers. 


The influence of temperature on the rotatory powers of all these 
esters appears to be of the same general character as the rotations 


Fic. 2. 


ACETATES OF THE SERIES 


RCH(0:CO-CHs) CH, 
VARIATION OF [&], WITH TEMPERATURE 


f° G4, ' 


Specific rotatory powers. 


i = | ge 
20° ‘40° 160 | 86 100° \r20° 


Temperature. 


of all are diminished when the temperature is increased. Increase 
of temperature has less effect on the rotatory powers of the esters 
of higher molecular weight than on those of the lower members of 
the series, the temperature-rotation coefficients appearing to 
approximate to some inverse function of the magnitude of the 
molecular rotatory powers. This is illustrated by Fig. 2, which 
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shows the variation of the specific rotatory powers (for yellow 
sodium light) of the members of the series of acetates. Very 
similar curves can be plotted from the results obtained for each 
of the otber seven series ; whilst curves drawn, as in Fig. 1, from the 
specific rotatory powers of all the esters, but using the values 
obtained at 100° instead of those at 20°, are strikingly akin to the 
curves shown in Fig. 1. 

It has been found that in the cases of those esters where the 
rotatory powers were measured at temperatures which diminished 


Fie. 3. 
: T ! T T | 
\ d-B-DECYL ACETATE 
re’ oe VARIATION OF SPECIFIC ROTATORY - 
\ POWER WITH TEMPERATURE 
REGION OF Ca 
oe ANOMALOUS DISPERSION 
= ’ 
e.. = 
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= | 
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the values to between [a], about +2°5° and +0°, the phenomenon 
of anomalous rotatory dispersion was observed. An example of 
this is illustrated in Fig. 3, which shows how the specific rotatory 
power of B-decyl acetate for light of three wave-lengths * varies with 
an increase of temperature. The region of temperature in which 
anomalous dispersion has been observed varies in a series—possibly 
in a regular manner, although, as the experimental results deal 
with values of small magnitude, this is not certain. Thus, for 
B-octyl, B-nonyl, B-decyl, B-undecyl, and §-tridecyl acetates and 
B-undecyl propionate, anomalous rotatory dispersion has been 


* Namely, mercury violet and green and the sodium yellow doublet. 
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observed between the following limits of temperature respectively : 
lower limits, above 145°, 135°, 112°, 118°, 119°, and 136°; higher 
limits, below 210° (approx.), 185°, 190°, 183°, 181°, and 210° 
(approx.). 

In many cases the temperature-rotation coefficients were not 
large enough to cause a sufficient depression of the rotatory power 
to bring this within the anomalous region even at the highest tem- 
perature at which we were able to make observations. In these cases, 
however, it may be noted that the rotatory dispersion always de- 
creased in value as the temperature increased, and offered in this 
respect a decided contrast to B-butyl esters, as these, like butan-f-ol 
and the other carbinols, appear to have rotatory dispersive ratios 
which are constant over a wide range of temperature. Thus, for ex- 
violet 
green 
for B-butyl acetate, B-octyl heptoate, and B-octyl stearate at 20° 
were 1°649, 1°577, and 1°469 respectively, and at 100° were 1°644, 
1557, and 1°336 respectively, whilst similar values for butan-f-ol 
were 1°656 and 1°659. 


ample, the values found for the rotatory dispersion Hg 


Action of Solvents on the Rotatory Powers. 


The rotatory powers of most of the esters have been determined 
in various solvents. It is noteworthy that the action of the four 
solvents which were most frequently used, namely, ethyl alcohol, 
benzene, pyridine, and carbon disulphide, had each a specific and 
(at least in a qualitative, if not also in a quantitative, sense) 
a common action on the rotatory powers of all the esters. Thus, 
comparing the values of [a]? for the esters obtained in the homo- 
geneous state with the values obtained in various 5 per cent. solu- 
tions at 20°, it is found that ethyl alcohol (except in the case of 
the butyl esters) depresses the specific rotatory powers to a slight 
extent, benzene more and pyridine still further, whilst carbon 
disulphide has so strong a depressing effect that in most cases (the 
main exceptions being the 8-butyl esters, where the specific rotatory 
powers in the homogeneous state are much higher than in the other 
series) the rotatory power is changed in sign. 

The general effect of any one solvent on the rotatory power is 
very simi:ar in the case of the great majority of the esters, and is 
illustrated, for example, by Fig. 4, which shows the specific rotatory 
powers of the esters in 5 per cent. solution in carbon disulphide. 
Very similar sets of curves could be drawn for the rotatory powers 
in other solvents, that in ethyl alcohol being especially noteworthy, 
as the curves are almost exactly identical with those which show 
the rotatory powers at 100° in the homogeneous state, and which, 
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as already mentioned, are very similar to the corresponding ones 
for the values at 20°. 

The remarks on p. 833 as to the relation between the tempera- 
ture-coefficients and the magnitude of the molecular rotatory 
powers applies equally well to the effect of these solvents, the 
analogy being approximately correct even in an arithmetical sense. 
It is noteworthy, however, that the 8-butyl esters nearly always 
form exceptions to these generalisations. They do not, as a rule, 
behave in an analogous manner to the other series in the members 
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Bea: Number of carbon:atoms in R,"of group -O°CO'R;. 
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of which the groups round the asymmetric carbon atom occupy 
more space. Of a variety of solvents, however, each has a common 
general effect on the rotatory powers of these esters, as will be seen 
on reference to tables XX XVII to XL, pp. 881—882, where it will 
be seen that the magnitude of the rotatory powers (in solution) of 
B-butyl acetate, B-octyl acetate, heptoate, and stearate, respectively, 
are in the same order in the following solvents: ethylene dibromide, 
acetone, ethyl acetate, ethyl alcohol, chloroform, benzene, pyridine, 
and carbon disulphide. Analogous results were obtained when the 
rotatory powers of butan-f-ol and octan-8-ol were determined in the 
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same solvents, the effect of each solvent being similar on both 
carbinols, but often different from its effect on the esters (see tables 
XLII, XLIII, pp. 883, 884). 

The great majority of the determinations of rotatory power in 
solution have been made with 5 per cent. solutions, but in a few 
instances it has been shown that perfectly regular curves for the 
specific rotatory power are obtained when more concentrated solu- 
tions are examined, as no break occurs in the curves connecting 
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specific rotatory power and concentration between 5 per cent. solu- 
tions and the solute in the homogeneous state. This is illustrated, 
for example, in Fig. 5 for solutions of B-octyl acetate in carbon 
disulphide, where it will be seen that at concentrations of the ester 
between 39 and 52 per cent. anomalous rotatory dispersion has been 
observed. Similarly, it will be seen from table XXXVI, p. 880, that 
anomalous rotatory dispersion is exhibited by solutions of this ester 
in benzene between 21 and 53 per cent. concentrations. 

It is important to note that the rotatory dispersive power of 
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B-butyl acetate varies with the concentration of its solutions (see 
table XXXIV, p. 879), and offers a contrast to its behaviour in the 
homogeneous state. In general, in the determinations of rotatory 
power in solution, whenever the value obtained for [a], is between 
about +2°5 and +0, the phenomenon of anomalous rotatory disper- 
sion has been observed.* It will therefore be seen that the relative 
effect of temperature and solvents on the rotatory powers of the 
members of these series is of a very similar character. 


A Suggested Interpretation and Correlation of the Experimental 
Results. 


The results, considered as a whole, appear to afford strong 
evidence that the observed alterations in rotatory power are due 
under each condition (both of temperature and solution) to an 
alteration in the degree of association or complexity of the mole- 
cules of the optically active compounds. The detection of the 
anomalous dispersion which is exhibited under certain conditions 
by some of these esters of such very simple chemical constitutions 
suggests that the failures to find any connexion between so highly 
a constitutive property as optical activity and chemical constitu- 
tion is due, not merely to the almost universal comparison of the 
rotatory power for light of one wave-length only, but also to the 
fact that the very great majority of the optically active com- 
pounds which have been compared are homologous series of esters. 
It would now appear probable that, owing to some property of 
the carboxylic group, all optically active esters (and possibly also 
the amides) are particularly prone (at least under some conditions) 
to exhibit anomalous dispersive power, and, further, that it is the 
carboxylic group, and not the CH*OH group, which is (mainly at 
least) the cause of anomalous dispersion in the derivatives of the 
hydroxy-acids, such as tartaric, malic, glyceric, mandelic, etc. In 
this connexion, it is instructive to bear in mind the contrast 
between the anomalous dispersive power shown under varied con- 
ditions by tartaric acid and its esters with the normal dispersive 
power of the dilute aqueous solutions of the salts of this acid 
(compare Winther, Zeitsch. physikal. Chem., 1902, 41, 170), where 
the rotatory power would appear to be that of the fully hydrated 
ion. 

Fresh light may be thrown on this point, since it is now found 


* Among the experimental figures will be found a few exceptions to this state- 
ment. Owing to the great labour in preparing the material we have not thought it 
necessary to repeat these determinations. It will be noted that the experimental 
error in the determinations is likely to be large on account of the smallness of the 
observed rotations. This particularly applies to the violet readings, which are not 
nearly so easy to make as the corresponding yellow and green. 
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that solutions of the sodium salt of d-8-octyl] hydrogen phthalate, 
which have positive rotations in water, ethyl alcohol and ethyl 
acetate, and a negative rotation in chloroform, exhibit normal dis- 
persive powers in each separate solvent, but anomalous dispersion in 
a suitable mixture of (say) ethyl alcohol and chloroform (see table 
III, p. 853). 

The hypothesis adopted is that variation of temperature and 
solvents each alters the degree of association of the esters, and con- 
sequently their rotatory power. However, the kind of association 
in question appears to be distinct from the process of polymerisa- 
tion or union of two or more molecules. It probably involves no 
alteration in the mass of the molecules, and can be ascribed to 
changes in the valency of the oxygen atoms in the group written 
by convention —CO-OR. As regards polymerisation, it has been 
pointed out in Part I (loc. cit.) that, although it is highly probable 
that the lower members of the homologous series of the carbinols 
CH,*CH(OH):R are to some extent polymerised (associated), yet, 
owing to the similarity of the ‘“ temperature-rotation ” curves as 
the series is ascended, it can be assumed that this phenomenon 
has little effect on their rotatory powers. It may be suggested 
that the association which in the cases of the esters has so great an 
effect on the rotatory power is of two kinds, and the phenomenon 
might be better described by some word expressing a change in the 
size of, or space occupied by, the molecule of the substance. One 
kind, which occurs only in the case of the molecules of simplest 
chemical constitution, is brought into prominence in the determina- 
tions of rotatory power recorded in Part IV (loc. cit.). Here, for 
example, the rotatory powers of the carbinols of the “methyl” 
series, CH,-CH(OH)-R, show wide variations. Thus pentan-f-ol, 
heptan-8-ol, decan-B-ol, and dodecan-8-ol, when examined either in 
benzene or ethyl-alcoholic solution, exhibit exalted rotatory powers 
as compared with those of the other members of the series in the 
same solvents. This effect is not exhibited when the rotatory 
powers of the carbinols in the homogeneous state are examined, 
and is obviously due to the special stereochemical configuration 
of the two compounds pentan-8-ol and decan-f-ol, and of the 
growing chain in the other two carbinols in which it is directly 
attached to the asymmetric carbon atom. Here it is suggested that 
in solution the more unrestricted development (as regards space) 
of the chain of carbon atoms and of its specific action on the rota- 
tory power is facilitated—a development, and consequent effect, 
which is masked * when the compounds are examined in the homo- 

* This word on page 1928, Part IV. (Joc. cit.), was altered without reference to the 
authors by the printer from ‘‘ masked” to “‘ marked,” thus entirely confusing the 
sense of the last paragraph on that page. 
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geneous state. The detailed investigation of these series of esters 
has afforded no definite instance of such a phenomenon among 
them ; the absence of this can be attributed to the position of the 
growing chain in all the esters, in which it is attached to the 
asymmetric carbon atom only indirectly by means of the oxygen 
atom ?C-O-CO-R. The differences (see Part IV) in this behaviour 
between the members of the “methyl” series and those of the 
“ethyl” series (in which the special effect due to the configuration 
of the growing chain when this all but returns on itself can be 
observed, not only in solution, but also in the homogeneous state) 
can be also explained by a similar assumption, namely, that in the 
“methyl” series, owing to the smaller space occupied by the 
methyl as compared with the ethyl group, the various groups 
(CH;, H, OH, and growing chain) are in the homogeneous state 
packed together more closely round the central asymmetric carbon 
atom than the corresponding groups (C,H;, H, OH, and the grow- 
ing chain) in the ethyl series. Thus the absence or presence of 
this effect in these homologous series of “methyl,” “ ethyl,” 
“gsopropyl” carbinols, and in the eight series of esters can be con- 
sistently ascribed to a kind of inner association within the molecule, 
such as a closer packing together of the groups or atoms surround- 
ing the asymmetric carbon atom. 

Another kind of association to which the experimental results 
obtained for the esters now described may be attributed is that 
caused by the exercise of supplementary valencies of the oxygen 
atoms. There is certain evidence which suggests that the 
carboxylic group under some conditions is better represented by the 
formula c<it than by the more usual form Con (Ida 
Smedley, T., 1909, 95, 231). It will be readily accepted that an 
increase of temperature would be likely to convert a compound 


ROC into RCL) and so affect the rotatory power. There 


does not seem to be any obvious reason why such a change should 
not also be brought about by the action of certain solvents. It 
seems to the authors that the exercise (or otherwise) of the supple- 
mentary valencies of the oxygen atoms in the esters will explain 
their results. Association (in the more ordinary sense of the word, 
meaning the union of two or more molecules) is not often met 
with among esters. On deductions drawn from the so-called 
association factor determined by capillarity methods,* esters, in 
general, would appear not to be polymerised. This general 
property of esters has been one of the reasons which have led 


* The validity of which, however, has often been questioned. 


OF ROTATORY POWER ON CHEMICAL CONSTITUTION. 841 


investigators in this field to choose these compounds as their 
material, it having been thought that the use of these non-poly- 
merised compounds would exclude the complications due to 
“association.” Thus, with the exception of the present authors’ 
work on the carbinols, the examples of homologous series of 
optically active compounds quoted by Frankland (T., 1912, 101, 
660) and Walden (Ser., 1905, $8, 345) in their summaries of 
work in this field are all esters. On the other hand, the present 
authors are not aware of any well-authenticated instances of any 
effect whatever of polymerisation on rotatory power (compare also 
on this point Walden, Joc. cit.). 


Optical Rotatory Dispersive Powers. 


It is now obvious that the optical rotatory dispersive ratios of 
these esters (with the exception of the 8-butyl esters) vary a great 
deal under different conditions of temperature and solution. The 
optical dispersive ratio for the parent carbinols (Lowry, Pickard 
and Kenyon, this vol., p. 100) does not, however, fall below the 
violet 
green 
state at 20°, and appears to be constant * over a range of tempera- 
ture (see Part IV, loc. cit.). It would appear that this value might 
be used as a rough test to distinguish between compounds which 
may exhibit anomalous dispersion and those which will not. It will 
be seen from table II that, with the exception of B-butyl acetate 
(and also the other B-butyl esters), the dispersion ratios of the esters 

violet 


are well below Hg ee 1°63. However, despite the great advances 
green 


made by Lowry (T., 1913, 108, 1062) in the methods of measure- 
ment of dispersive power, it does not seem safe at present to draw 
inferences which are based on what are necessarily small differences 
in the dispersive powers. 

Assuming that there is a common cause for the variation of the 
dispersive powers of these esters, all (be it remembered) of such 
closely-related chemical constitution, it will be observed that the dis- 
persion ratios are some function of the magnitude of the specific 
rotations, that is to say, the compounds of greatest specific rotatory 
power have, in general, the highest dispersions. This is illustrated 
by the determinations recorded in tables XXXIV et seq., and is 
in accordance with those recorded for the carbinols by Lowry, 


value Hg 1°63 when they are examined in the homogeneous 


sodium yellow 


, the accuracy of 
mercury green 


* This was only tested by the values for the ratio 


le i iolet _,- 
h t near] tas the Hg? ratio. 
which is not nearly so great as the ar ratio. 
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Pickard and Kenyon (loc. cit.). It is perhaps necessary to 
emphasise the fact that the esters (with the exception of B-butyl 
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Rotations and Dispersions of Various Esters. 


Dispersion ratios. 
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Ester. vi. Ger. ~ ’ green” Hg green 
d-8-Butyl acetate .......... +43-30° +26-38° +22-24° 1-641 0-844 
d-8-Hexyl] heptoate ......... 16-82 10-42 8-90 1-616 0-854 
d-8-Hexyl nonoate ......... 15-24 9-44 8-12 1-614 0-860 
d-8-Heptyl acetate.......... 12-64 8-00 6-92 1-580 0-865 
d-8-Heptyl valerate ....... 16-44 10-32 8-78 1-593 0-854 
l-8-Heptyl hexoate ......... —15-14 -984 -—846 1-537 0-859 
d-8-Heptyl dodecoate ...... +1206 +754 +6-44 1-600 0-854 
d-8-Octyl acetate .......... 10-77 7-10 6-09 1-516 0-858 
d-8-Octyl propionate ...... 9-82 6-24 5-43 1-574 0-864 
d-8-Octyl butyrate.......... 14-26 8-92 7-68 1-599 0-861 
d-8-Octyl valerate .......... 14-38 8-96 7:76 1-603 0-857 
d-B8-Octyl hexoate .......... 14-32 9-01 7-66 1-590 0-850 
d-8-Octyl heptoate.......... 13-90 8-80 7-52 1-580 0-855 
d-8-Octyl nonoate .......... 13-14 8-32 7-12 1-580 0-856 
d-8-Octyl undecoate ....... 11-70 7-40 6-36 1-581 0-859 
d-8-Octyl dodecoate ....... 11-54 7:14 6-08 1-616 0-852 
d-B-Octyl myristate ....... 10-40 6-48 5-56 1-605 0-858 
d-8-Octyl palmitate ....... 9-80 6-08 5-24 1-612 0-851 
d-8-Undecy] acetate ....... 8-24 5-26 4-50 1-567 0-855 
d-8-Undecyl propionate ... 8-34 5-18 4-42 1-610 0-854 
d-g-Undecyl butyrate ...... 11-64 7-34 6-26 1-586 0-853 
d-g-Undecyl valerate ...... 11-78 7-46 6-38 1-579 0-855 
d-g-Undecyl heptoate ...... 11-44 7-16 6-14 1-599 0-858 
d-g-Undecyl nonoate ...... 10-40 6-80 5-84 1-590 0-859 
d-g-Undecyl myristate .... 9-08 5-72 4-90 1-590 0-857 


For each ester the three values of the rotatory powers were very carefully observed 
at a constant temperature, which for different sets of esters ranged from 17° to 22°. 


and possibly of the amyl esters) can be made by choice of suitable 
conditions (temperature or concentration in suitable solvents) to 
exhibit anomalous dispersion, whilst it should be further noted that 
the results of the determinations of the rotatory power of the 
B-butyl esters can be correlated, as described below, with those 
determinations which show anomalous dispersion. 

The assumption that anomalous dispersion is caused by the 
presence in the substance (mixture?) of two optically active com- 
pounds of different dispersive power was originally suggested by 
Biot. The idea was further developed by Arndsten (Ann. Chim. 
Phys., 1858, [iii], 54, 415), and has been during the course of this 
research greatly elaborated by Armstrong and Walker (Proc. Roy. 
Soc., 1913, A, 88, 388). These authors show that the dispersion 
may be normal even if two substances (two forms of a compound) 
are present, as, for example, in the case of levulose, whilst from 
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theoretical considerations they conclude that anomalous dispersion 
is only caused by the presence of two substances when these have 
rotatory powers of opposite sign and different dispersive powers. 
By making two further assumptions, they are able to correlate in 
several cases the different specific rotatory powers exhibited under 
different conditions of temperature and solution by apparently 
homogeneous substances, such, for example, as ethyl tartrate. 
These assumptions are: (a) that the rotatory power of each of the 
two constituent isomerides is constant under all conditions, and 
(b) that the composition of the “ mixture” studied is a linear func- 
tion of the specific rotatory power in the case of light of any given 
wave-length. From these they construct rotation-composition 
diagrams, which they propose to call characteristic diagrams. 
Applying, then, their methods to f-octyl acetate, the characteristic 
diagram of this substance can be drawn as follows (see Fig. 6). 
The values of [@]upcreen Obtained at different temperatures and 
concentrations in different solvents are plotted on a reference line 
with a slope of unity. The corresponding values for [@}p, vice and 
[a], are then plotted on the ordinates passing through the points 
already located on the reference line. These will be seen from the 
diagram to lie on two straight lines, and the points of intersection 
of the three lines all lie above the zero line, indicating clearly the 
region of anomalous dispersion. The abscisse should then repre- 
sent to an unknown scale the composition of the mixture of the two 
supposed isomerides of B-octyl acetate. The diagram is particu- 
larly interesting, since by its aid conditions were foretold under 
which the acetate would (and did, actually) exhibit anomalous dis- 
persion. The results (detailed in the experimental part) obtained 
for the determination of the rotatory power of this compound under 
most varied conditions can then be systematically correlated on 
the assumption that the ester generally contains two forms of the 
compound, which differ in the sign of the rotatory power and also 
in dispersive power. It will be obvious, however, from the posi- 
tion of the region of anomalous dispersion indicated on the diagram 
that the dispersive powers of the two isomerides supposed to be 
present must only differ very slightly. Characteristic diagrams can 
in a like manner be constructed for any one of the esters described. 
It should, however, be definitely stated here that as yet no direct 
evidence has been obtained that any one of the esters * as prepared 
in the manner described is a mixture of two isomerides.+ The 
* The end products of a careful and repeated fractional distillation of 300 grams of 
d-B-octyl acetate had identical rotatory powers. 
t+ The existence of two forms of anhydrous sodium acetate described by 


Vorlander aud Nolte (Ber., 1918, 46, 3199) is of interest. One form is converted 
into the other eituer by the action of solvents or by increase of temperature. 
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existence of an isomeride with a ring structure, such as Armstrong 
and Walker have suggested for the esters of tartaric acid, does not 
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seem possible in the case of the esters now described, unless a form 
of polymerisation takes place. It seems much more probable that 
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the existence of the two forms is due in the one case to the 
exercise of the supplementary valencies of the oxygen atoms—a 
force which it is easy to conceive is weakened by an increase of 
temperature, and also possibly by solvents. At present it cannot 
be said that it is either probable, or yet improbable, that the 
exercise of such supplementary valencies would cause the wide 
variations which have been observed in the optical properties of 
these esters. 

Attention has already been drawn (p. 834) to the fact that in a 
series, as, for example, that of the acetates, there is a gradual shift- 
ing of the temperature zone in which anomalous dispersion is ex- 
hibited. This may be attributed to the different effect of the mass 
of the growing chain on the rotatory powers (and possibly also, 
but in a less degree, on the dispersive powers) of the two supposed 
isomerides of each ester. 

The various characteristic diagrams for these esters are all very 
similar, and can be taken as identical within the limits of experi- 
mental error. Thus in Fig. 7, on the diagram for f-octyl acetate, 
there have been plotted values of the rotatory power of several 
esters belonging to different series. Further, the same “ character- 
istic’ diagram can also be used to correlate the determinations of 
the rotatory powers of a group of compounds (see Fig. 8) such as, 
for example, those of the dextrorotatory forms of B-octyl hydrogen 
phthalate and of its sodium salts in various solvents, of the parent 
carbinol and of B-octyl bromide. The application—at present 
admittedly somewhat empirical—of this method to the exact corre- 
lation of the specific rotatory powers of a group of compounds of 
closely related chemical constitution requires much more experi- 
mental confirmation,* but there can be little doubt that, applied 
to the groups of compounds described in this series of investiga- 
tions, it is capable of throwing much light on some of the outstand- 
ing problems of stereochemistry. For example, the diagram can 
be used as an approximate test for the optical purity of the product 
obtained in a resolution of an optically inactive carbinol into the 
active forms. Thus, a sample of butan-8-ol containing 54°76 per 
cent. of the dextrorotatory form showed a normal rotatory power 
when this was calculated as for a 9°52 per cent. solution of the 
d-form in the externally compensated carbinol, but if it were con- 
sidered as the homogeneous, pure dextrorotatory form, as would be 


* One diagram will correlate, for example, the many determinations of specific 
rotatory power for both methyi and ethyl tartrates, another those for bornyl- 
xanthic acid, which decomposes spontaneously into borneol and carbon disulphide, 
as recorded by I'schugaev (Bull. Soc. chim., 1913, [iv], 18, 793) and another those 
for nopinone, nopinol and nopinic acid (Tschugaev and Kirpitchev, Bull. Soc. chim., 
ibid., p. 796). 


OF ROTATORY POWER ON CHEMICAL CONSTITUTION. 847 


j done in the case of a resolution of an optically inactive carbinol 
erroneously supposed to be complete, the specific rotatory powers 
then calculated would lie off the characteristic diagram. Results 
such as these have been obtained for several of the carbinols (see 
table XLIV, p. 884), and, incidentally, also show, according to the 
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active forms in the liquid state are not racemates, thus confirming 
the results of Thole (T., 1913, 103, 19). 
A further example of the possible use of a diagram to “ charac- 
a terise” a group of compounds is in connexion with the question of 
a possible change of configuration on the formation of a derivative. 
; 3K 2 


| 
| views of Pope (compare T., 1912, 101, 2313), that the optically 
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Thus we have shown (Ber., 1912, 45, 1592) that octan-B-ol with 
[a]5’ + 9°9° corresponds with 6-bromo-octane with [a]? —27°5°, which 
can be reconverted into the alcohol. Apparently this levorotatory 
bromide does not fit on the “ group ”-characteristic diagram (Fig. 8) 
for the d-octyl derivatives, but will do on a diagram which is the 
mirror image of the one illustrated, so permitting the inference 
that a change of configuration has taken place during the replace- 
ment of hydroxyl by bromine (by means of the action of hydrogen 
bromide). 


Summary of Main Conclusions. 


(1) The molecular rotatory powers of several series of esters of 
analogous chemical constitution show qualitative relations which, 
like those obtained previously for the corresponding alcohols, are 
explicable by consideration of the space occupied by the groups 
surrounding the asymmetric carbon atom. 

(2) Optically active esters of the simplest possible chemical con- 
stitution have anomalous rotatory dispersive powers when subjected 
to high temperatures or when dissolved in certain solvents. 


(3) The specific rotatory powers of these can be correlated on 


the assumption that each ester is a mixture of two isomerides, 
which have rotatory powers of opposite sign and different dis- 
persive powers. 


Experimental. 


The preparation in small quantities of all the optically active 
carbinols required for this research have been described in Part I 
(loc. cit.). The samples of d-pentan-8-ol, d-nonan-B-ol, d-decan- 
B-ol, d-dodecan-f-ol, and d-tridecan-8-ol were those made originally, 
but the other carbinols—d-butan-$-ol, d-hexan-8-ol, d-heptan-A-ol, 
d-octan-B-ol, and d-undecan-§-ol—have been prepared in much 
larger quantities by somewhat modified methods. The preparation 
of large amounts of d-butan-8-ol has been described in Part IV, 
whilst details of a characteristic preparation of each of the other 
four carbinols are given below. 

Preparation of d-Hexan-B-ol.—Methyl n-butyl ketone is best 
reduced to the corresponding carbinol in moist ethereal solution 
by means of finely divided sodium, little or no pinacone being 
formed in the reduction. Thus, after the reduction of one lot of 
200 grams of the ketone (from Kahlbaum) in 14 litres of ether by 
14 times the calculated amount of sodium, the carbinol was con- 
verted into the hydrogen phthalic ester, and 487 grams of this were 
obtained, the theoretical amount being 500 grams. This amount 
of the ester was dissolved in 950 c.c. of warm acetone and digested 
with 840 grams of anhydrous brucine. After filtration from a 
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small amount of undissolved brucine, the solution was allowed to 
remain overnight in the ice-chest, and deposited 1200 grams of the 
salt (crop A), whilst the filtrate, when decomposed by hydrochloric 
acid, yielded 54 grams of the hydrogen ester with [a],—24° in 
chloroform.* Crop A was then redissolved in 3 litres of acetone, 
yielding crop B, the filtrate from which gave 130 grams of the acid 
ester with [a],—22°6° in chloroform. Crop B was recrystallised 
from 34 litres of acetone, two crops, C and C,, being obtained, the 
latter after concentration of the mother liquor from C. The 
mother liquor from C, yielded 15 grams of ester with [a],,—31° in 
chloroform. Crop C was recrystallised from 2 litres of acetone, 
and gave crop D (540 grams). This was recrystallised six times 
more (crops E, F, G, H, K, L), each time from smaller amounts 
of acetone, 229 grams of the pure /BdA salt being obtained. 
Crop C, (250 grams) was dissolved in the filtrate from D, and the 
solution concentrated to 800 c.c., crop D, (300 grams) being 
obtained. Crop D, was then recrystallised successively from the 
mother liquors from the crops E to L, and the crop L, recrystallised 
twice from fresh solvent, the crop N, being the pure /BdA salt, 
and amounting to 160 grams. Concentration of the mother liquor 
from D, gave a crop D, (25 grams), which was dissolved in the 
mother liquor from E,. Successive treatment of this crop and 
the second series of mother liquors gave a crop No», which after 
two recrystallisations from fresh solvent gave 46 grams of the 
pure JBdA salt. This salt is of somewhat indefinite composition, 
and contains “acetone of crystallisation,” which is lost slowly at 
the ordinary temperature, and very readily at about 80°. One 
hundred and forty-three grams of the pure d-ester were obtained 
from the above-mentioned 435 grams of the pure /BdA salt, and 
gave 56 grams of the pure dextrorotatory carbinol, this being just 
about a 50 per cent. yield. 

Preparation of d-Heptan-B-ol—The details of the resolution of 
one lot of the dl-hydrogen phthalic ester of this carbinol are as 
follows: The ester (194 grams) was digested in warm acetone with 
anhydrous brucine (316 grams), the solution filtered, and concen- 
trated to 900 c.c. After remaining overnight in the ice-chest, the 
crop of crystals (290 grams) deposited was redissolved in 3300 c.c. 
of acetone. After two more recrystallisations from the same 
amount of solvent, 121 grams of the pure /BdA salt were obtained, 
and a further lot of 62 grams by working up the mother liquors 
in the manner previously described. The amount of d-carbinol 


* Unless otherwise stated the determinations recorded in this paper of the 
rotatory powers of substances in solution were made on solutions prepared by 
making up approximately 1 gram of the solute to 20 c.c. with the solvent. 
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obtained from both lots of salt amounted to 26 grams, being a yield 
of about 60 per cent. 

Preparation of the d- and 1-Octan-B-ols—This has been already 
described (Joc. cit.). Under ordinary laboratory conditions it is 
convenient to work with 600-gram lots of the racemic hydrogen 
phthalate, the average yields of the d- and J/-carbinols being 60 and 
40 per cent., respectively, of those theoretically possible, that is, 
about half of the amount of optically inactive material used can be 
obtained as the pure dextrorotatory and levorotatory forms. 

Preparation of d-Undecan-B-ol.—A solution of the hydrogen 
phthalate (299 grams) in 500 c.c. of acetone was digested with 
400 grams of anhydrous brucine, filtered from undissolved alkaloid, 
and concentrated by the removal of 100 c.c. of the solvent. The 
crop (A) of crystals obtained amounted to 380 grams, and was 
recrystallised six times, each time from 300 c.c. of acetone. The 
second mother liquor was concentrated, and gave a second crop 
(B,) of crystals, which were dissolved in the third mother liquor. 
By systematic treatment of the salt thus obtained with the suc- 
cessive mother liquors of the first series of crystallisations, a further 
quantity of the pure /BdA salt was obtained. The pure salt was 
then decomposed by the usual process, and 40 grams of pure 
d-methyl-n-nonylearbinol were obtained, this being nearly 70 per 
cent. of the possible yield. 


Preparation of the Esters. 


The esters have been prepared either by treatment at the 
temperature of a water-bath of the carbinol with the required acid 
anhydride, or by the action of the required acid chloride on the 
carbinol dissolved in pyridine. The products in each case were 
dissolved in ether and repeatedly washed with a dilute solu- 
tion of sodium carbonate to remove traces of the acids, some of 
which are persistently retained in the ethereal solutions of 
their esters. About 10 grams of each ester were prepared, the 
preparations being distilled several times until the refractive 
index * and rotatory power became quite constant. In a dozen 
cases the esters were prepared by both methods, identical products 
being obtained. In all cases the purest acids sold by Kahlbaum 
were employed, but it was found in the cases of the n-butyrates and 
n-hexoates some six or seven careful fractionational redistillations 
were necessary before the rotatory powers became constant. The 
esters were not analysed, as the refractive indices (see Fig. 9) lie 


* These were determined by means of a Féry refractometer. This allows of more 
rapid manipulation than a Pulfrich refractometer, whilst its sensibility (+ 0°0002) 
was accurate enough for the purpose in view. 
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on smooth curves.* At the end of investigation the carbinols + 
were recovered by the hydrolysis of the esters, and found to be 
unchanged in rotatory powers. 


3 
& { ; 
3 REFRACTIVE INDICES »s° OF ESTERS 
3 OF THE CARBINOLS CH;CH(OH)R | 
< WHERE R= W-ALKYL ial 
& 
a | 
| 
——— £- ~ 
$l fl fF] £ | At é Y “ 
f_ | |e Fete é f~1 
1 @ i if hi r L i ‘a E is ae 


Esters of d-Pentan-B-ol. 


Acetate. Propionate. n-Butyrate. n-Valerate. n-Dodecoate 


Bolling point 130—131° 58/16 70—71'°/16 86° 153°/5 
ne Sisco 1-3960 1-4015 1°4060 1-4115 1-4344 
Esters of 
d-Nonan- d Decan- d-Dodecan- d-Tridecan- 
B-ol. B-ol. B-ol. B ol. 
ym \; as ao—scr * ‘ ‘se. 
n-Dode- n-Dode- n-Dode- n-Dode- 


Acetate. coate. Acetate. coate. coate. Acetate. coate. 


Boiling point 102/14 178°/3 115°/15 190°/4 203°/4 162'/20 204° 3 
» 1-4188 1-4409 1-4223 1-4426 1-4456 1-4314 14463 


Of these esters, the following, when cooled, set to crystalline 
masses, which melt at the temperatures given: d-8-Butyl palmitate, 


* The determinations of the viscosity of these esters by Dunstan, Thole, and 
Benson (this vel , p. 782) afford further evidence of their purity. 

+ Except butan-8-ol, the esters which require alcoholic alkaline solutions for 
hydrolysis, whilst the separation of methyl! or ethyl alcohol from butan-8-ol is not 


easy. 
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18°; d-B-hexyl palmitate, 21°; d-f-heptyl palmitate, 19°; F 
d-B-octyl palmitate, 32°; d-8-butyl stearate, 25°; d-8-hexyl stearate, 
28°; d-B-heptyl stearate, 29°; and d-8-octyl stearate, 34°, and can j 
all be recrystallised readily from ethyl alcohol or benzene. i 


Sodium Salt of d-B-Octyl Hydrogen Phthalate-—The ester is dis- 
solved in anhydrous alcohol and mixed with the calculated amount 
of sodium ethoxide dissolved in anhydrous alcohol. The salt is 
obtained free from solvent by evaporation of the alcoholic solution 
and crystallisation of the residue from hot acetone, from which it 
separates in a mass of hair-like needles melting at 182°. (Found, 
i Na=7'59. C,,H,,0,Na requires Na=7°67 per cent.) In solution 
it gave the following polarimetric results: 


a ET ee 


Tasie ITI. 
Length 
7 Weight 
obser- of 
vation salt Dispersion 
tube. taken. H violet 
Cm. Grams. _ Solvent. ap. agr. avi. [aJv. [aler. [a]vi. “8 green* 


t 22 0-9871 Water +1-67° +1:91° +3-06° +15-38° +17-59° +28-18° 1-603 
H 20 0-9896 Ethyl alcohol 2-86 3°48 6°44 28-90 35°17 65-08 1-805 
i 20 1-0487 Ethyl acetate 1-70 2-01 3-59 16-26 19-16 34-22 1-786 
20 41-0831 Chloroform —0-84 —0:94 —145 — 7-76 — 868 —13-40 1-544 
CHCl; 2 vols. 
20 0-8300 or. 1 +018 +0:16 +008 + 2:17 + 193 + 0°97 0-50 
vol. 


? 
TaBLe IV.* 
d-B-Butyl Acetate, CHMeEt:O-CO-CHs. 
e. dt. [aJt,. [My.. [alt (My. 
20° 0-8715 +30-17° +35-00° + 25-43° + 29-49° 
40 0-8510 28-15 32-66 23-69 27-49 
60 0-8290 26-29 30-50 22-14 25-68 
80 0-8053 24-79 28-76 20-85 24-19 
100 0-7801 23-40 27-14 _ 19-66 22-81 
d-B-Butyl Propionate, CHMeEt:O-CO-C,H;. 
20° 0-8663 + 28-19° +36-64° + 23-85° +31-00° 
40 0-8452 26-47 34-41 22-37 29-08 
60 0-8240 24-74 32-16 20-91 27-17 
80 0-8026 23-33 30-33 19-71 25-63 
3 
d-B-Butyl n-Butyrate, CHMeEt-O-CO-C,H,. 
20° 0-8713 +25-96° +37-39° +21-97° -+31-63° 
40 0-8499 24-19 34-83 20-44 29-43 
60 0-8288 22-61 32-56 19-09 27-49 
80 0-8070 21-50 30-96 18-18 26-18 
100 0-7860 20-35 29-31 17-18 24-74 
120 0-7652 19-36 27-88 16-33 23-52 


-* Tables IV to XI refer to the rotatory powers of the esters in the homogeneous 
state for yellow and green light. The corresponding values for violet light can in 
many cases be calculated from the data given on pp. 889 e¢ seg. 
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TaB.e IV. (continued). 
d-B-Butyl n-Valerate, CHMeEt-O-CO-C,H,. 


d‘. [alt [My.. [a]. 
0-8600 4+24-53° +38-77° +20-72° 
0-8408 23-10 36-51 19-50 
0-8220 21-65 34-22 18-27 
0-8029 20-22 31-96 17-10 
0-7840 18-94 29-93 16-00 
0-7651 17-90 28-29 15-13 
0-7461 17-02 26-89 14-40 


d-B-Butyl n-Hexoate, CHMeEt:O-CO-C,H),. 


0-8635 +22-07° +37-96° +18-66° 
0-8451 20-53 35-31 17-18 
0-8265 19-16 32-95 16-15 
0-8079 18-02 30-99 15-17 
0-7900 17-04 29-31 14-44 
0-7718 16-04 27-58 13-53 
0-7535 15-26 26-24 12-90 


d-8-Butyl n-Heptoate, CHMeEt-O-CO-C,H)s. 


0-8579 20-48° 38-09° 17-37° 
0-8407 19-22 35-75 16-24 
0-8235 18-00 33-48 15-19 
0-8062 16-99 31-60 14-32 
0-7894 16-03 29-82 13-54 
0-7724 15-03 27-96 12-71 
0-7555 14-30 26-60 12-04 
0-7390 13-76 25-60 11-60 


d-B-Butyl n-Octoate, CHMeEt-O-CO-C,H,,. 


0-8567 +19-04° +38-08° +16-14° 
0-8406 17-97 35-94 15-13 
0-8245 16-82 33-64 14-22 
0-8085 15-83 31-66 13-33 
0-7924 14-84 29-68 12-52 
0-7770 13-99 27-98 11-84 
0-7614 13-30 26-60 11-24 
0-7453 12-75 25-50 10-77 


d-8-Butyl n-Nonoate, CHMeEt:O-CO-C,H,,. 


0-8608 +17-80° +38-09° +15-03° 
0-8438 16-73 35-80 14-14 
0-8268 15-75 33-70 13-31 
0-8098 14-82 31-72 12-51 
0-7927 13-96 29-87 11-76 
0-7761 13-11 28-05 11-10 
0-7591 12-51 26-77 10-59 
0-7415 12-25 26-22 10-33 


[M)<. 
+32-74° 
30-81 
28-87 
27-02 
25-28 
23-91 
22-76 


+32-10° 
29-54 
27-77 
26-09 
24-84 
23-27 
22-19 


+32-17° 
30-26 
28-48 
26-77 
25-17 
23-75 
22-67 
22-11 


——— 


a 


da‘. 


0-8557 
0-8397 
0-8240 
0-8085 
0-7931 
0-7774 
0-7617 
0-7462 


d-8-Butyl n-Dodecoate, CHMeEt:O-CO:C,, Ho. 
4.12-69° 


0-8557 
0-8400 
0-8244 
0-8088 
0-7931 
0-7780 
0-7622 
0-7468 


d-B-Butyl Myristate, CHMeEt*O-CO:C,.Ho,. 


0-8567 
0-8411 
0-8259 
0-8108 
0-7958 
0-7805 
0-7655 
0-7505 


d-B-Butyl Palmitate, CHMeEt-O-CO-C,;Hs,. 
+12-12° 


0-8581 
0-8426 
0-8274 
0-8125 
0-7974 
0-7827 
0-7680 


d-B-Butyl Stearate, CHMeEt-O-CO-C,,H;,. 


0-8566 
0-8416 
0-8267 
0-8115 
0-7967 
0-7821 
0-7676 
0-7529 


[alf,. 

+15-81° 
14-83 
13-97 
13-13 
12-40 
11-81 
11-26 
10-69 


+15-03° 
14-11 
13-22 
12-39 
11-69 
11-15 
10-57 
10-07 


+13-42° 
12-70 
11-95 
11-26 
10-55 
9-95 
9-44 
9-03 


11-44 
10-81 
10-23 
9-62 
9-11 
8-67 


11-14° 
10-47 
9-86 
9-32 
8-89 
8-45 
8-01 
7-66 


TaBie IV. (continued). 
d-B-Butyl n-Undecoate, CHMeEt:O-CO-C,,H,). 


[M),.- 
+ 88-26° 
35-89 
33-81 
31-78 
30-00 
28-59 
27-25 
25-87 


+38-48° 
36-12 
33-85 
31-72 
29-92 
28-54 
27-05 
25:77 


+38-12° 
36-07 
33-94 
31-98 
29-95 
28-27 
26-81 
25-65 


+37-82° 


35-70 
33°73 
31-93 
30-01 
28-42 
27-06 


+37-86° 


35-59 
33-52 
31-67 
30-21 
28-74 
27-25 
26-06 
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[a}f. 


+13-42° 


12-48 
11-73 
11-09 
10-47 
9-98 
9-45 
8-99 


11-91 
11-13 
10-43 
9-83 
9-41 
8-92 
8-50 


+11-34° 
10-69 
10-07 
9-50 
8-91 
8-41 
7-95 
7-65 


+10-25° 


9-65 
9-12 
8-61 
8-10 
7-68 
7-29 


+9-39° 
8-83 
8-32 
7-89 
7-48 
7-12 
6-75 
6-48 


(My. 


+32-48° 


30-21 
28-39 
26-83 
25-46 
24-16 
22-88 
21-76 


+32-48° 


30-49 
28-49 
26-70 
25-17 
24-08 
22-83 
21-77 


4+32-21° 
30-36 
28-60 
26-97 
25-30 
23-87 
22-59 
21-72 


+31-99° 


30-10 
28-47 
26-87 
25-27 
23-96 
22-75 


+31-92° 


30-02 
28-30 
26-81 
25-43 
24-22 
22-95 
22-04 
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TABLE V. 


d-B-Amyl Acetate, CHMePr:O-CO-CHs3. 


dad‘. 
0-8684 
0-8487 
0-8275 
0-8048 
0-7805 
0-7570 


d-B-Amyl Propionate, CHMePr-O-CO-C,H;. 


0-8658 
0-8457 
0-8263 
0-8061 
0-7850 
0-7652 


d-B-Amyl n-Butyrate, CHMePr-O-CO-C,H,. 


0-8688 
0-8500 
0-8314 
0-8114 
0-7915 
0-7725 


d-B-Amyl n-Valerate, CHMePr-O-CO-C,Hp. 


0-8600 
0-8423 
0-8242 
0-8054 
0-7865 
0-7681 
0-7487 


d-B-Hezyl Acetate, C,H,*CHMe-O-CO-CHsg. 


d’. 
0-8644 
0-8444 
0-8243 
0-8041 
0-7837 
0-7629 


[alt,. 


+20-27° 


18-44 
17-04 
15-58 
14-54 
13-87 


+19-29° 


17-85 
16-44 
15-26 
14-25 
13-47 


+18-42° 


16-89 
15-46 
14-09 
13-29 
12-69 


+18-77° 


17-13 
15-98 
14-84 
13-98 
13-27 
12-62 


[alf,. 

+11-80° 
10-30 
8-92 
7-67 
6-53 
5-66 


[Myt.. 


+ 26-35° 
23-96 
22-15 
20-25 
18-90 
18-03 


+27-77° 
25-70 
23-68 
21-98 
20-52 
19-40 


+29-11° 
26-69 
24-43 
22-26 
21-00 
20-05 


+32-29° 
29-46 
27-49 
25-53 
24-04 
22-82 
21-71 


TaBLE VI. 


[M); 


+16-99° 
14-84 
12-84 
11-05 
9-41 
8-16 


[a]f. 
+17-16° 
15-67 
14-50 
13-26 
12-36 
11-85 


+16-43° 
15-24 
14-03 
13-00 
12-15 
11-49 


+ 15-77° 
14-46 
13-23 
12-08 
11-34 
10-86 


+16-01° 
14-70 
13-63 
12-71 
11-95 
11-32 
10-80 


(aj; 
+10-13° 

8-85 

7-68 


(My... 
-+22-30° 
20-36 
18-85 
17-24 
16-06 
15-40 


+ 23-66° 
21-95 
20-20 
18-72 
17-50 
16-55 


+ 24-92° 
22-84 
20-90 
19-08 
17-92 
17-16 


+27-54° 
25-28 
23-44 
21-86 
20-55 
19-47 
18-58 


[M}:. 


+14-59° 
12-75 
11-06 
9-48 
8-05 
7-02 
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TaBLe VI. (continued). 
d-8-Hexyl Propionate, CyH,;>CHMe-O-CO:C,H;. 


q'. [a]. (Mix. [a]. [M];. 
0-8644 +11-41° +18-03° + 9-76° +15-43° 
0-8451 10-17 16-07 8-73 13-80 
0-8260 9-06 14-31 7-80 12-31 
0-8064 8-06 12-74 6-91 10-91 
0-7873 7-19 11-36 6-16 9-73 

d-B-Hezyl n-Butyrate, CyH)>CHMe-O-CO-C,H,. 
0-8769 +12-66° +21-77° +10-83° +18-62° 
0-8575 11-47 19-72 9-76 16-78 
0-8380 10-32 17-75 8-81 15-15 
0-8186 9-32 16-03 7-94 13-66 
0-7996 8-33 14-33 7-13 12-27 
0-7806 7-65 13-15 6-53 11-24 
0-7611 7-02 12-06 5-98 10-28 
d-B-Hexyl n-Valerate, C,H,>CHMe-O-CO-C,Ho. 
0-8599 413-05° 424-27° +11-16° +20-75° 
0-8419 11-97 22-26 10-26 19-08 
0-8238 10-92 20-31 9-39 17-46 
0-8058 9-87 18-35 8-48 15-77 
0-7877 9-08 16-89 7-74 14-40 
0-7701 8-27 15-38 7-08 13-16 
0-7522 7-61 14-15 6-52 12-12 
d-B-Hexyl n-Hexoate, CyHy*CHMe-O-CO-C,H;,. 
0-8575 + 12-66° + 25-32° +10-84° +21-68° 
0-8400 11-69 23-38 9-96 19-93 
0-8229 10-69 21-38 9-16 18-32 
0-8055 9-85 19-69 8-41 16-81 
0-7885 9-03 18-06 7-74 15-47 
0-7719 8-32 16-63 7-14 14-28 
0-7549 7-66 15-31 6-60 13-19 
d-B-Heaxyl n-Heptoate, C,Hy-CHMe-O-CO-C,H,s. 
0-8586 +12-12° + 25-93° +10-36° + 22-17° 
0-8417 11-11 23-78 9-50 20-33 
0-8249 10-18 21-78 8-73 18-67 
0-8080 9-28 19-86 7-96 17-03 
0-7911 8-56 18-31 7-31 15-63 
0-7744 7-94 17-00 6-78 14-51 
0-7576 7-43 15-91 6-31 13-50 
d-8-Hexyl n-Nonoate, CyHy°CHMe-O-CO:C,H,,. 
0-8575 +10-96° +26-53° +9:38° +-22-69° 
0-8417 10-09 24-41 8-61 20-84 
0-8258 9-26 22-42 7-87 19-04 
0-8098 8-46 20-47 7-19 17-40 
0-7937 7-77 18-81 6-63 16-04 
0:7778 7-24 17-52 6-21 15-03 
0-7622 6-73 16-29 5-84 14-13 
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TaBLE VI. (continued). 


d-B-Hexyl n-Undecoate. 


v. d‘. (al... (My... [a]. 
20° 0-8575 + 9-75° + 26-32° +8-35° 
40 0-8416 8-97 24-22 7-67 
60 0-8258 8-17 22-07 7-00 
80 0-8099 7-56 20-41 6-48 

100 0-7941 7-02 18-94 6-02 
120 0-7787 6-49 17-51 5-55 
140 0-7631 5-99 16-17 5-15 


d-8-Hexyl n-Dodecoate, C,H,*CHMe-O-CO-C,,Ho.. 


20° 0-8590 +9-34° -++ 26-52° +7-99° 
40 0-8438 8-53 24-23 7-27 
60 0-8285 7-75 22-01 6-64 
80 90-8131 7-11 20-18 6-09 
100 0-7982 6-52 18-50 5-60 
120 0-7833 6-01 17-07 5-16 
140 0-7682 5-64 16-01 4-82 


d-8-Hexyl Myristate, CyHy>CHMe-O-CO-C,,Ho,. 


20° 0-8566 +8-66° -+-27-03° +7-40° 
40 0-8416 7-84 24-46 6-70 
60 0-8264 7-18 22-40 6-14 
80 0-8110 6-60 20-59 5-62 
100 0-7958 6-09 19-01 5-21 
120 0-7810 5-66 17-65 4-84 
140 0-7661 5-29 16-49 4-53 
160 0-7509 5-03 15-70 4-30 


d-8B-Hexyl Palmitate, CyH,-CHMe-O-CO-C,;H;,. 


20° 0-8521 -+-8-10° + 27-53° +6-87° 
40 0-8400 7:44 25-30 6-31 
60 0-8255 6-84 23-27 5-87 
30 0-8100 6-26 21-28 5-37 
100 0-7951 5-81 19-75 4-97 
120 0-7802 5-51 18-75 4-70 
140 0-7644 5-31 18-06 4-55 


d-B-Hexyl Stearate, C,H,>CHMe-O-CO-C,,H,,. 


20° 0-8560 +7-21° + 26-52° +6-16° 
40 0-8480 6-44 23-69 5-52 
60 0-8332 5-88 21-64 5-02 
80 0-8165 5-43 19-96 4-65 
100 0-8010 5-03 18-51 4-31 
120 0-7855 4-68 17-24 4-02 
140 0-7700 4-40 16-20 3-78 


160 0-7540 4-21 15-47 3-58 


(My. 

+ 22-55° 
20-69 
18-90 
17-51 
16-25 
14-97 
13-91 


+ 22-68° 
20-64 
18-86 
17-29 
15-91 
14-64 
13-68 


-+ 23-10° 
20-91 
19-14 
17-55 
16-27 
15-10 
14-14 
13-42 


+ 23-34° 
21-45 
19-96 
18-23 
16-89 
16-00 
15-48 


+ 22-66° 
20-31 
18-46 
17-12 
15-85 
14-80 
13-90 
13-17 


j 
| 
i 
| 
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Taste VII. 


d-B-Heptyl Acetate, C;H,,"CHMe-O-CO-CHs. 

e. da. [a) [M);.- {a}. [M)t. 

20° 0-8617 +9-55° +15-09° +8-23° + 13-00° 

40 0-8426 8-07 12-76 6-91 10-91 

60 0-8239 6-88 10-87 5-89 9-30 

80 0-8052 5-89 9-30 5-03 7-95 
100 0-7861 4-85 7-66 4-16 6-57 
120 0-7671 3-92 6-20 3°35 5-29 

d-8-Heptyl Propionate, C;H,,-CHMe-O-CO-C,H;. 
20° 0-8601 +9-77° +16-80° +8-37° + 14-40° 


40 0-8422 8-67 14-97 7-40 12-74 
60 0-8235 7-64 13-14 6-53 11-24 


0-8050 6-67 11-48 5-72 9-83 
100 0-7867 5:70 9-80 4-88 8-40 
120 0-7683 4-85 8-35 4-14 7-12 


A SEES 
wo 
—) 


d-8-Heptyl n-Butyrate, C;H,,-CHMe-O-CO-C,H,. 


20° 0-8575 11-86° +22-06° +10-16° +18-91° 
40 0-8398 10-80 19-63 9-24 17-19 
60 0-8219 9-72 18-08 8:34 15-50 
; 80 0-8048 8-78 16-34 7-52 13-98 
100 0-7874 7-91 14-72 6-78 12-61 
120 0-7699 7-13 13-26 6-12 11-38 
140 0-7522 6-47 12-04 5-44 10-31 
160 0-7348 6-03 11-21 5-16 9-59 


d-8-Heptyl n-Valerate, C;H,,;CHMe*O-CO-C,H. 


20° 0-8547 +12-02° +24-04° - + 10-26° + 20-52° 
40 0-8375 11-07 22-14 9-48 18-96 
60 0-8208 10-20 20-40 8-70 17-40 
80 0-8037 9-32 18-64 7-99 15-97 
100 0-7866 8-57 17-14 7-34 14-67 
120 0-7700 7-83 15-66 6-70 13-40 
140 0-7537 7-16 14-33 6-13 12-26 
160 0-7369 6-62 13-24 5-66 11-32 


1-B-Heptyl n-Hexoate, C;H,,;CHMe-O-CO-C,H,,. 


20° 0-8541 —11-63° — 24-89° —9-97° — 21-34° 
40 0-8382 10-38 22-21 8-90 19-04 
60 0-8226 9-482 20:29 8-12 17-38 
80 0-8070 8-76 18-75 7-50 16-04 
100 0-7916 8-12 17-39 6-95 14-87 
120 0-7764 7-48 16-02 6-39 13-68 


0-7611 15-12 6-03 12-91 
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TaBLE VII. (continued). 
d-8-Heptyl n-Heptoate, C;H,,;CHMe-O-CO-C,H,3. 


&. dt. [a]t.. (My... [a]. (MJ, 
20° 0-8541 +11-16° + 25-46° +9-53° +21-72° 
40 0-8378 10-31 23-52 8-80 20-05 
60 0-8217 9-49 21-64 8-09 18-45 
80 0-8055 8-78 20-01 7-49 17-06 

100 0-7897 8-07 18-39 6-88 15-68 
120 0-7737 7-43 16-94 6-35 14-46 
140 0-7577 6-89 15-70 5-87 13-39 
160 0-7420 6-47 14-74 5-51 12-57 


d-8-Heptyl n-Octoate, C;H,,*CHMe-0-CO-C,H,,. 


20° 0-8534 +10-62° + 25-69° +9-07° +21-95° 
40 0-8378 9-77 23-63 8-32 20-13 
60 0-8220 8-97 21-70 7-64 18-49 
80 0-8064 8-21 19-87 7-01 16-95 
100 0-7907 7-56 18-30 6-48 15-67 
120 0-7750 6-97 16-86 5-96 14-42 
140 0-7594 6-51 15-74 5-56 13-45 
160 0-7437 6-15 14-87 5-24 12-69 


d-8-Heptyl n-Nonoate, C;H,,*CHMe-O-CO-C,H),. 


20° 0-8542 +10-15° + 25-98° +8-70° + 22-26° 
40 0-8386 9-40 24-05 8-04 20-58 
60 0-8229 8-62 22-07 7-36 18-55 
80 0-8077 7-92 20-28 6-77 17-34 
100 0-7922 7-25 18-55 6-21 15-90 
120 0-7766 6-72 17-21 5-76 14-73 
140 0-7615 6-33 16-20 5-42 13-89 
160 0-7462 6-10 15-61 5-20 13-31 


d-B-Heptyl n-Undecoate, CsH,,*CHMe-0-CO-C,,Hoy. 


20° 0-8535 9-28° +26-35° +7-96° +22-59° 
40 0-8382 8-65 24-57 7-40 21-01 
60 0-8229 7-98 22-68 6-84 19-43 
80 0-8082 7-41 21-05 6-36 18-06 
100 0-7934 6-88 19-54 5-86 16-64 
120 0-7785 6-41 18-20 5-46 15-50 
140 0-7636 6-00 17-04 5-11 14-51 
160 0-7486 5-54 15-74 4:73 13-43 


d-8-Heptyl n-Dodecoate, C;H,,;CHMe-0-CO-C,,H,5. 


20° 0-8525 + 8-85° + 26-36° + 7-58° + 22-58° 
40 0-8394 8-28 24-67 7-08 21-09 
60 0-8260 7-62 22-70 6-49 19-34 
80 0-8131 6-97 20-78 5-95 17-73 
100 0-7998 6-38 19-01 5-45 16-25 
120 0-7866 5-85 17-43 5-00 14-89 
140 0-7733 5-46 16-26 4-67 13-91 


160 0-7601 5-16 15-37 4-4] 13-13 


Repro Oe 


rk 


i ae de na 
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d’. 
0-8540 
0-8395 
0-8245 
0-8100 
0-7957 
0-7815 
0-7670 
0-7525 


d-8-Heptyl Palmitate, C;H,,-CHMe-0:°CO:C,,Hs;. 


0-8550 
0-8418 
0-8285 
0-8150 
0-8015 
0-7881 
0-7750 
0-7620 


d-B-Heptyl Stearate, C;H,,;;>CHMe-0-CO-C,,H,;. 


0-8580 
0-8430 
0-8285 
0-8139 
0-7991 
0-7846 
0-7698 


d-B-Octyl Acetate, CsH,;*CHMe-O-CO-CHs. 


d'. 
0-8610 
0:8429 
0-8244 
0-8060 
0-7880 
0-7698 
0-7516 
0-7338 
0-7150 


d-8-Octyl Propionate, C,H,,;>CHMe-O-CO:C,H,. 


0-8678 
0-8484 
0-8299 
0-8118 
0-7936 
0-7756 
0-7578 


Taste VII (continued). 
d-B-Heptyl Myristate, C;H,,;;CHMe-O-CO:C,.Ho,. 


[alt,. 

-+-8-10° 
7-50 
6-91 
6-36 
5-91 
5-54 
5-14 
4-85 


+7-69° 
6-97 
6-32 
5-80 
5-43 
5-08 
4-74 
4-40 


(Mi... 


+26-41° 
24-45 
22-54 
20-72 
19-25 
18-06 
16-74 
15-81 


+27-20° 
24-68 
22-39 
20-54 
19-22 
17-97 
16-77 
15-56 


+7-10° +27-11° 
6-38 24-39 
5-79 22-13 
5-31 20-28 
5-03 19-22 
4-65 17-77 
4-35 16-63 

Taste VIII. 

[a]; [M];.. 

+8-01° +13-78° 
6-85 11-77 
5-67 9-74 
4-59 7-90 
3-67 6-31 
2-68 4-61 
1-82 3°13 
1-20 2-06 
0-60 1-05 


+8-16° 
6-98 
6-00 
5-14 
4-35 
3-64 
3-04 


+15-17° 
12-97 
11-16 
9-55 
8-09 
6-76 
5-64 


CONSTITUTION. 


[a], 
+6-91° 

6-40 
5-89 
5-42 
5-05 
4-74 
4-38 
4-15 


+6-53° 
5-98 
5-40 
4-96 
4-63 
4-34 
4-05 
3-77 


+6-06° 
5-42 
4-95 
4-55 
4-31 
3-98 
3-73 


[a}\,- 
+6-84° 
5-84 
4-85 
3-93 
3-15 
2-37 
1-70 
1-15 
0-85 


+6-98° 
5-98 
5-14 
4-40 
3-72 
3-11 
2-60 


861 


(My. 


-++ 22-52° 
20-84 
19-22 
17-67 
16-46 
15-43 
14-28 
13-52 


+ 23-10° 
21-15 
19-10 
17-55 
16-39 
15-36 
14-34 
13-33 


+23-15° 
20-71 
18-91 
17-37 
16-44 
15-19 
14-24 


[My]; 
+11-77° 
10-04 
8-35 
6-76 
5-41 
4-08 
2-92 
1-98 
1-47 


+12-99° 
11-11 
9-57 
8-18 
6-91 
5-78 
4-83 
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d-B-Octyl n-Butyrate, CgH,3°CHMe-O-CO-C;H). 


da‘. 
0-8579 
0-8407 
0-8233 
0-8061 
0-7888 
0-7717 
0-7547 
0-7378 


d-8-Octyl n-Valerate, C,H,,*>CHMe-O-CO-C,Hp. 


0-8539 
0-8374 
0-8210 
0-8045 
0-7881 
0-7719 
0-7558 
0-7397 


d-B-Octyl n-Hexoate, C,H,,*CHMe-O-CO-C,H,,. 


0-8549 
0-8383 
0-8219 
0-8056 
0-7893 
0-7729 
0-7565 


d-8-Octyl n-Heptoate, C,.H,3*CHMe-O-CO-C,H,s. 


0-8545 
0-8382 
0-8220 
0-8060 
0-7899 
0-7738 
0-7575 
0-7416 


d-B-Octyl n-Octoate, CyH,3*CHMe-0-CO-C,H,,. 


0-8534 
0-8376 
0-8219 
0-8060 
0-7904 
0-7748 
0-7592 


Taste VIII (continued). 


lal. 
+ 10-46° 
9-48 
8-50 
7-63 
6-87 
6-12 
5-50 
4-97 


+10-65° 
9-16 
8-22 
7-46 
6-85 
6-22 
5-68 
5-21 


+10-54° 
2 


9-52 


+9-97° 
9-31 
8-52 
7-73 
6-99 
6-40 
5-98 
5-66 


+9-61° 
8-69 
7-87 
7-20 
6-66 
6-15 
5-69 


[My,.. 


+ 20-92° 


18-96 
17-00 
15-26 
13-75 
12-23 
11-00 

9-95 


+ 22-79° 


19-60 
17-60 
15-96 
14-67 
13-30 
12-14 
11-14 


+ 24-03° 


21-70 
19-75 
18-05 
16-58 
15-34 
14-22 


+ 24-12° 
22-52 
20-61 
18-71 
16-90 
15-48 
14-47 
13-71 


+ 24-60° 
22-25 
20-15 
18-42 
17-04 
15-73 
14-57 


[a]. 
+8-95° 
8-12 
7-29 
6-54 
5-90 
5-24 
4-70 
4-26 


+9-16° 
7-83 
7-03 
6-36 
5-84 
5-31 
4-86 
4-44 


-+8-96° 
8-16 
7-42 
6-79 
6-24 
5-73 
5-34 


+8-59° 
7-95 
7-30 
6-63 
6-01 
5-45 
5-11 
4-88 


+8-25° 
7-40 
6-74 
6-18 
5-71 
5-28 
4-87 


[My]. 


+17-90° 
16-25 
14-58 
13-07 
11-79 
10-47 
9-41 


8-51. 


+19-60° 

16-77 
15-04 
13-61 
12-49 
11-37 
10-39 

9-49 


+ 20-42° 
18-61 
16-92 
15-48 
14-23 
13-07 
12-17 


+ 20-78° 
19-23 
17-66 
16-03 
14-58 
13-20 
12-37 
11-81 


+21-12° 
18-95 
17-26 
15-81 
14-61 
13-51 
12-47 


ER 


sila 


YR Ng elles ees cnet arid rete 


—E 


rt alin lana AME ne: EO 
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Taste VIII (continued). 


d-8-Octyl n-Nonoate, CgH,3°CHMe-O-CO-C,H)7. 


de [a],. [My.. (alt, (MI. 
0-8565 +9-34° 4-25-22° +7-96° +21-50° 
0-8412 8-50 22-95 7-29 19-68 
0-8258 7-83 21-15 6-71 18-11 
0-8105 7-22 19-49 6-19 16-72 
0-7951 6-73 18-17 5-72 15-45 
0-7800 6-30 17-00 5-36 14-47 
0-7649 5-92 15-99 5-06 13-67 
0-7497 5-67 15-31 4-83 13-03 


d-B-Octyl n-Undecoate, C,H,3;HMe-0-CO:C,,H,,. 


0-8542 +8-57° +25-54° +7-35° +21-91° 
_ 0-8380 7-90 23-49 6-77 20-17 
0-8223 7-24 21-56 6-18 18-41 
0-8070 6-59 19-64 5-61 16-73 
0-7916 6-03 17-96 5-09 15-17 
0-7762 5-54 16-51 4-73 14-09 
0-7607 5-23 15-59 4-47 13-32 


d-B-Octyl n-Dodecoate, C,H,,°>CHMe-O-CO-U,, H,.. 


0-8571 +8-21° +25-63° + 7-00° +21-84° 
0-8420 7-53 23-50 6-47 20-19 
0-8271 6-91 21-57 5-94 18-52 
0-8125 6-40 19-96 5-45 17-01 
0-7979 5-88 18-34 5-02 15-68 
0-7835 5-44 16-96 4-66 14-53 
0-7690 5-05 15-74 4-29 13-39 
0-7547 4-73 14-76 4-03 12-57 


d-B-Octyl Myristate, CsH,,°CHMe-O-CO:C,.Ho,. 


0-8546 +7-72° + 26-25° +6-59° + 22-40° 
0-8395 7-05 23-97 6-02 20-45 
0-8245 6-43 21-85 5-48 18-64 
0-8096 5-84 19-87 4-99 16-97 
0-7947 5-35 18-18 4-59 15-62 
0-7799 5-03 17-09 4-31 14-65 
0-7649 4-71 16-01 4-04 13-74 


d-B-Octyl Palmitate, CsH,,*CHMe-O-CO-C,,H,,. 


0-8525 +7-18° + 26-42° +6-14° + 22-57° 
0-8403 6-58 24-21 5-64 20-75 
0-8282 6-10 22-44 5-21 19-15 
0-8164 5-62 20-68 4-79 17-62 
0-8044 5-18 19-07 4-41 16-24 
0-7925 4-80 17-64 4-10 15-09 


0-7806 4-42 16-27 3°78 13-91 
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e. ad‘. 
20° 0-8514 
40 0-8393 
60 0-8272 
80 0-8181 

100 0-8034 
120 0-7916 
140 0-7795 
160 0-7676 


ve. d‘. 
20° 0-8595 
40 0-8422 
60 0-8250 
80 0-8080 

100 0-7910 
120 0-7739 
140 0-7567 
160 0-7400 
180 0-7228 


d-B-Undecyl Propionate, CyH,9*CHMe-O-CO-C,H;. 


20° 0-8574 
40 0-8406 
60 0-8245 
80 0-8085 
100 0-7920 
120 0-7755 
140 0-7593 


d-B-Undecyl n-Butyrate, CyH19*CHMe-O-CO-C,H,. 


20° 0-8567 
40 0-8406 
60 0-8244 
80 0-8081 
100 0-7920 
120 0-7759 
140 0-7597 


d-B-Undecyl n-Valerate, CoH 9*CHMe-O-CO-C,Ho. 


20° 0-8551 
40 0-8391 
60 0-8234 
80 0-8076 
100 0-7916 
120 0-7759 
140 0-7601 


160 0-7446 


Taste VIII (continued). 
d-8-Octyl Stearate, Cg.H,3*>CHMe-O-CO:C,,H,,. 


lel... 
+6-68° 
6-19 
5-69 
5-19 
4-83 
4-47 
4-12 
3°78 


(a). 
+6-17° 
4-94 
3-90 
3-08 
2-36 
2-07 
1-19 
0-61 
—O-11 


+ 6-04° 
5-12 
4-39 
3°71 
3-06 
2-53 
2-08 


+8-57° 
7-52 
6-58 
5-83 
5-28 
4-77 
4-32 


+8-72° 
7-79 
6-95 
6-19 
5-57 
5-03 
4-63 
4-34 


24-53 
22-55 
20-57 
19-12 
17-71 
16-30 
14-96 


TasBLe IX. 
d-B-U ndecyl Acetate, C,H 19*°CHMe-0-CO-CHs. 


(My... 


+13-19° 
10-57 


+13-77° 
11-66 
10-01 
8-46 
6-97 
5-76 
4-74 


+ 20-73° 
18-20 
15-92 
14-10 
12-77 
11-53 
10-45 


+ 22-32° 
19-95 
17-78 
15-85 
14-27 
12-86 
11-85 
11-10 


(aj. 
+5-71° 

5-28 
4-86 
4-45 
4-12 
3-83 
3-53 
3-23 


[a], 
+5-27° 
4-24 


+5-15° 
4-40 
3°75 
3°17 
2-60 
2-15 
1-75 


+7-31° 
6-40 
5-62 
4-99 
4-49 
4-07 
3-70 


+7-46° 
6-67 
5-96 
5-30 
4-76 
4-30 
3:97 
3-69 


(MJ. 
+22-61° 
20-89 
19-24 
17-62 
16-31 
15-16 
13-97 
12-79 


(Mj. 
-+11-28° 

9-07 
7-16 
5-61 
4-33 
4-00 
2-50 
1-01 

+0-24 


+11-75° 
10-03 
8-55 
7°22 
5-93 
4-91 
3-99 


+ 17-68° 
15-49 
13-59 
12-06 
10-87 

9-85 
8-95 


+19-09° 

17-08 
15-26 
13-56 
12-19 
11-02 
10-17 

9-45 


OG hsrcce eaten 


a 


--- 


dad. 
0-8570 
0-8412 
0-5254 
0-8099 
0-7942 
0-7785 
0-7630 
0-7479 


d-B-Undecyl n-Heptoate, CyH,.°>CHMe-O-CO-C,H,s. 


0-8559 
0-8405 
0-8250 
0-8097 
0-7943 
0:7788 
0-7635 
0-7484 


d-B-Undecyl n-Nonoate, CyH,9*>CHMe-0-CO:C,H,,. 


0-8572 
0-8420 
0-8266 
0-8113 
0-7963 
0-7809 
0-7655 
0-7504 


[alf,. 

+8-63° 
7-85 
7-10 
6-46 
5-94 
5-50 
5-11 
4-79 


+8-36° 
7-71 
7-13 
6-51 
5-93 
5-36 
4-91 
4-68 


+7-96° 
7-27 
6-68 
6-16 
5-69 
5-20 
4-79 
4-46 


TaBLeE IX (continued). 
d-B-Undecyl n-Hexoate, CygH,)*>CHMe-O-CO-C;H,,. 


[M Ve" 
+ 23-31° 
21-18 
19-17 
17-44 
16-04 
14-85 
13-80 
12-93 


+23-75° 
21-90 
20-24 
18-49 
16-84 
15-21 
13-95 
13-28 


+ 24-82° 
22-68 
20-84 
19-23 
17-75 
16-23 
14-96 
13-93 
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[ai 
+7-37° 
6-69 
6-07 
5-52 
5-09 
4-69 
4-36 
4-08 


i 
6-60 
6-10 
5-57 
5-07 
4-57 
4-22 
4-01 


+6-81° 
6-21 
5-71 
5-29 
4-87 
4-44 
4-10 
3°82 


865 


(Mj... 


+19-91° 
18-07 
16-39 
14-90 
13-74 
12-66 
11-79 
11-02 


20-37° 
18-75 
17-31 
15-82 
14-41 
12-98 
11-98 
11-39 


-++-21-25° 
19-38 
17-81 
16-50 
15-20 
13-87 
12-80 
11-93 


d-B-Undecyl n-Undecoate, CoH 9*CHMe-O-CO:C,)Ho;. 


0-8566 
0-8414 
0-8266 
0-8119 
0-7967 
0-7815 
0-7664 
0-7513 


+7-38° 
6-75 
6-15 
5-65 
5-20 
4-80 
4-50 
4-27 


+ 25-08° 
22-95 
20-89 
19-22 
17-67 
16-31 
15-31 
14-53 


+6-30° 
5-76 


+ 21-43° 
19-59 
17-85 
16-50 
15-07 
13-96 
13-09 
12-45 


d-B-Undecyl n-Dodecoate, CyH9°*CHMe-O-CO-C,,H,). 


0-8566 
0-8419 
0-8270 
0-8120 
0-7970 
0-7823 
0-7677 
0-7528 


+7-21° 
6-67 
6-16 
5-57 
5-04 
4-75 
4-52 
4-29 


+25-54° 
23-62 
21-79 
19-70 
17-85 
16-83 
16-00 
15-19 


+6-19° 


+21-91° 
20-18 
18-66 
16-87 
15-28 
14-47 
13-70 
12-98 
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da’. 
0-8559 
0-8410 
0-8259 
0-8110 
0-7962 
0-7812 
0-7663 
0-7518 


d-8B-Nonyl Acetate, C;H,,-CHMe:O-CO-CHs. 


dad‘. 
0-8595 
0-8420 
0-8248 
0-8071 
0-7899 
0-7716 
0-7535 
0-7360 


d-8-Decyl Acetate, C,H,,->CHMe-0-CO-CHs. 


0-8597 
0-8431 
0-8262 
0-8090 
0-7909 
0-7730 
0-7549 
0-7371 


d-8-Tridecyl Acetate, C,,H..*>CHMe:0-CO-CHs. 


0-8572 
0-8412 
0-8259 
0-8099 
0-7933 
0-7770 
0-7610 
0-7451 


TaBLE IX (continued). 


d-8-Undecyl Myristate, C,H,)*>CHMe-0-CO-C,,Ho,. 


[aY,,. 
+6-68° 
6-09 
5-48 
4-97 
4-63 
4-33 
4-11 
3-99 


[alt,. 

+7-24° 
5-76 
4-73 
3-80 
2-90 
2-06 
1-28 
0-60 


+6-61° 
5-44 
4-36 
3-36 
2-56 
1-85 
1-12 
0-57 


[My.. 
+25-53° 
23-26 
20-94 
18-99 
17-70 
16-53 
15-70 
15-24 


TABLE X. 


[M}: 


gr 
+13-46° 
10-71 
8-80 
7-07 
5-39 
3-83 
2-37 
1-12 


+13-21° 
10-89 
8-71 
6-72 
5-11 
3-70 
2-24 
1-14 


+13-04° 

10-76 
8-56 
6-66 
5-09 
3-74 
2-54 
1-23 
+0-00 


[a}f. 
45-72° 

5-21 
4-71 
4-25 
3-98 
3-71 
3-50 
3-42 


[ay 
+6-21° 
4-92 
4-04 
3-26 
2-49 
1-74 
1-09 
0-50 


+5-64° 
4-67 
3-73 
2-88 
2-19 
1-60 
1-11 

—0-54 


+-4-63° 
3-83 


(My. 
+21-87° 
19-96 
17-99 
16-25 
15-22 
14-18 
13-36 
13-06 


(My); 


+11-55° 
9-15 
7-51 
6-06 
4-64 
3-23 
2-02 
0-94 


+11-28° 
9-35 
7-46 
5-76 
4-37 
3-21 
2-23 
—1-08 


+11-20° 
9-26 


— I es 
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TaBLE XI. 
/ d-B-Amyl n-Dodecoate, C;H;-CHMe-0-CO-C,,Hos. 


| e. dt. [alt,. [My.. [al [M ¢. 
20° 0-8598 +12-24° +33-06° +10-44° — 28-19° 
40 0-8441 11-42 30-84 9-71 26-23 
60 0-8285 10-75 29-02 9-16 24-74 
80 0-8131 10-17 27-46 8-69 23-47 
100 0-7978 9-65 26-05 8-21 22-17 
120 0-7820 9-17 24-76 7-80 21-06 
; 140 0-7668 8-74 23-59 7-43 20-07 
d-8-Nonyl n-Dodecoate, C;H,,*CHMe:0-CO:C,,Ho3. 
20° 0-8568 +7-87° +25-64° +6-71° +21-88° | 
40 0-8420 7-15 23-31 6-12 19-94 
60 0-8270 6-53 21-28 5-60 18-25 
80 0-8120 5-98 19-51 5-14 16-74 
100 0-7973 5-48 17-86 4-67 15-21 
120 0-7826 5-05 17-15 4-31 14-63 
140 0-7679 4-69 15-92 4-01 13-63 
160 0-7533 4.35 14-79 3°72 12-63 
d-B-Decyl n-Dodecoate, CgH,,-CHMe-O°CO:C,, Hos. 
20° 0-8575 +7:51° + 25-54° +6-41° +-21-81° 
40 0-8425 7-05 23-97 6-02 20-46 
60 0-8277 6-40 21-77 5-47 18-61 
80 0-8128 5-72 19-45 4-88 16-61 
100 0-7979 5-18 17-60 4-42 15-04 
| 120 0-7830 4-81 16-37 4-11 13-98 
140 0-7681 4-60 15-63 3-92 13-32 
160 0-7534 4-45 15-12 3-78 12-86 
‘ 
d-B-Dodecyl n-Dodecoate, Cy )H»,"CHMe-O-CO-C,,Ho,. 
20° 0-8583 +6-99° +25-72° +5-99° +22-04° 
40 0-8437 6-42 23-63 5-49 20-19 
i 60 0-8290 5-91 21-75 5-07 18-64 
80 0-8144 5-45 20-06 4-67 17-18 
100 0-7999 5-04 18-55 4-31 15-87 
120 0-7852 4-69 17-24 4-01 14-76 
140 0-7710 4-37 16-08 3°72 13-70 
, 160 0-7565 4-10 15-09 3-50 12-88 
| d-8-Tridecyl n-Dodecoate, C,,H ,°CHMe*0°CO:C,, Ho. 
| 20° 0-8555 4.6-83° 4.26-07° 4.5-87° 4.29.41° 
40 0-8412 6-21 23-70 5-33 20-35 
60 0-8270 5-64 21-53 4-86 18-57 
80 0-8130 5-20 19-87 4-47 17-06 
100 0-7890 4-81 18-35 4-13 15-78 
a 120 0-7849 4-46 17-04 3-82 14-60 
140 0-7706 4-22 16-12 3-62 13-83 


0-7565 4-10 15-66 3-50 13-38 
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OF ROTATORY POWER ON CHEMICAL CONSTITUTION. 885 


Density Determinations. 


The following determinations of the densities were made in a 
pyknometer holding about 4 c.c., and all are compared with water 
at 4°: 

d-B-Butyl Acetate.—At 15°5°, 0°8758 ; 42°, 0°8488; 63°5°, 0°8246; 
85°, 0°7988. 

d-8-Butyl Propionate.—At 17°, 0°8699 ; 53°, 0°8314; 86°, 0°7965 ; 
125°, 0°7554. 

d-8-Butyl n-Butyrate-—At 13°5°, 0°8737; 55°, 0°8360; 80°, 
0°8082; 126°, 0°7572. 

d-B-Butyl n-Valerate.—At 13°, 0°8650; 50°, 0°8330; 83°, 0°8008 ; 
128°, 0°7564. 

d-B-Butyl n-Hexoate.—At 14°, 0°8669; 50°, 0°8357; 83°, 0°8065 ; 
132°, 0°7600. 

d-B-Butyl n-Heptoate.—At 14°, 0°8627 ; 51°, 0°8320; 81°, 0°8050; 
122°, 0°7704. 

d-B-Butyl n-Octoate-——At 15°, 0°8613; 55°, 0°8290; 88°5°, 0°8009 ; 
143°, 0°7585. 

d-B-Butyl n-Nonoate.—At 15°, 0°8649; 53°, 0°8335 ; 93°, 0°8012; 
133°, 0°7642. 

d-8-Butyl n-Undecoate.—At 16°5°, 0°8584; 56°, 0°8284; 82°, 
0°8071; 130°, 0°7696. 

d-B-Butyl n-Dodecoate—At 16°, 0°8580; 59°, 0°8263; 94°59, 
0°7976; 145°, 0°7589. 

d-B-Butyl Myristate.—At 16°, 0°8593; 55°, 0°8308; 95°, 0°8003; 
148°, 0°7588. 

d-8-Butyl Palmitate —At 12°5°, 0°8622 ; 49°, 0°8376 ; 92°, 0°8040 ; 
127°5°, 0°7763. 

d-B-Butyl Stearate.—At 29°, 0°8498 ; 57°5°, 0°8293; 87°, 0°8075; 
116°5°, 0°7831. 

d-B-Hezyl Acetate—At 18°, 0°8658; 56°, 0°8299; 88°, 0°7964; 
125°, 0°7568. 

d-B-Hexyl Progionate.—At 16°, 0°8677 ; 59°, 0°8280; 94°, 0°7931; 
123°, 0°7647. 

d-B-Hexyl n-Butyrate.—At 21°, 0°8744 ; 56°, 0°8432 ; 89°, 0°8102; 
119°, 0°7812. 

d-B-Hezxyl n-Valerate.—At 14°, 0°8632 ; 56°, 0°8283 ; 90°, 0°7965 ; 
124°, 0°7669. 

d-B-Hexyl n-Hexoate.—At 14°, 0°8606; 51°, 0°8313; 89°, 0°7985 ; 
121°, 0°7702. 

d-8-Hezxyl n-Heptoate.—At 16°, 0°8611; 56°, 0°8287 ; 95°, 0°7956 ; 
125°, 0°7695. 
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d-B-Hezxyl n-Nonoate.—At 21°, 0°8562; 54°, 0°8316; 90°, 0°8032 ; 
118°, 0°7782. 

d-B-Hexyl n-Undecoate.—At 16°, 0°8583; 51°, 0°8344; 85°, 
0°8073 ; 125°, 0°7738. 

d-B-Hezyl n-Dodecoate—At 16°, 0°8611; 55°, 0°8329; 85°, 
0°8099 ; 114°, 0°7876. 

d-B-Hexyl Myristate —At 22°, 0°8543; 43°, 0°8396; 91°, 0°8021; 
121°, 0°7807. 

d-B-Hexyl Palmitate—At 26°, 0°8492; 52°, 0°8314; 91°, 0°8022; 
122°5°, 0°7785. 

d-B-Hexyl Stearate—At 31°5°, 0°8514; 52°, 0°8390; 88°5°, 
0°8094; 123°, 0°7831. 

d-B-Heptyl Acetate.—At 15°, 0°8650; 43°, 0°8416; 78°, 0°8081; 
134°, 0°7519. 

d-B-Heptyl Propionate——At 12°, 0°8660; 49°, 0°8352; 81°, 
0°8048 ; 129°, 0°7590. 

d-B-H eptyl n-Butyrate.—At 17°, 0°8600 ; 56°, 0°8271 ; 85°, 0°8013; 
140°, 0°7506. 

d-8-Heptyl n-Valerate.—At 16°, 0°8579; 47°, 0°8330 ; 81°, 0°8038 ; 
124°, 0°7645. 

1-8-Heptyl n-Hexoate.—At 16°, 0°8573; 50°, 0°8332; 87°, 0°8044; 
132°, 0°7718. 

d-8-Heptyl n-Heptoate—At 15°5°, 0°8579; 56°, 0°8262; 92°, 
0°7963; 138°, 0°7572. 

d-B-Heptyl n-Octoate.—At 17°, 0°8560; 59°, 0°8237; 89°, 0°8000; 
145°, 0°7539. 

d-B-Heptyl n-Nonoate—At 17°5°, 0°8560; 65°, 0°8196; 92°, 
0°7983; 134°, 0°7641. 

d-B-Heptyl n-Undecoate.—At 12°5°, 0°8588; 57°5°, 0°8266; 90°, 
0°8007 ; 134°, 0°7663. 

d-B-Heptyl n-Dodecoate——At 17°, 0°8545; 47°, 0°8356; 82°, 
0°8104; 130°, 0°7798. 

d-B-Heptyl Myristate.—At 17°, 0°8551; 47°, 0°8355; 85°, 0°8066; 
134°, 0°7705. 

d-B-Heptyl Palmitate.—At 21°, 0°8544; 50°, 0°8360; 95°, 0°8045. 

d-8-Heptyl Stearate.—At 35°, 0°8454; 63°, 0°8270; 99°, 0°7990. 

d-B-Octyl Acetate——At 19°, 0°8606; 55°, 0°8309; 88°, 0°7988; 
119°, 0°7700. 

d-B-Octyl Propionate——At 20°5°, 0°8650; 56°, 0°8350; 87°, 
0°8069 ; 132°, 0°7636. 

d-B-Octyl n-Butyrate.—At 17°, 0°8587 ; 52°, 0°8314; 91°, 0°7970; 
126°, 0°7663. 

d-B-Octyi n-Valerate.—At 16°5°, 0°8560 ; 51°, 0°8290; 90°, 0°7978; 
130°, 0°7621. 
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d-B-Octyl n-Hexoate.—At 12°, 0°8598; 52°, 0°8288; 82°, 0°8048; 
131°, 0°7633. 

d-B-Octyl n-H eptoate.—At 13°, 0°8593; 47°, 0°8332; 86°, 0°8019; 
129°, 0°7654. 

d-B-Octyl n-Octoate.—At 12°, 0°8587; 46°, 0°8333; 85°, 0°8022; 
126°, 0°7701. 

d-B-Octyl n-Nonoate.—At 22°, 0°8542; 51°, 0°8340; 88°, 0°8054; 


137°, 0°7660. 


d-B-Octyl n-U ndecoate.—At 19°, 0°8538 ; 50°, 0°8312 ; 79°, 0°8088 ; 
143°, 0°7570. 

d-B-Octyl n-Dodecoate.—At 16°5°, 0°8585; 53°, 0°8333; 88°, 
0°8056; 132°, 0°7756. 

d-B-Octyl Myristate—At 17°, 0°8562; 56°, 0°8274; 90°, 0°8034; 
142°, 0°7633. 

d-B-Octyl Palmitate.-—At 45°, 0°8372 ; 93°, 0°8088; 134°, 0°7841. 

d-B-Octyl Stearate —At 38°, 0°8410; 83°, 0°8129; 133°, 0°7840. 

d-B-Undecyl Acetate.—At 18°, 0°8594; 41°, 0°8422; 82°, 0°8077; 
122°, 0°7709. 

d-B-Undecyl Propionate—At 18°, 0°8580; 56°, 0°8287; 92°, 
0°7988; 124°, 0°7724. 

d-B-Undecyl n-Butyrate—At 17°, 0°8585; 57°, 0°8274; 90°, 
0°8001; 124°, 0°7728. 

d-B-Undecyl n-Valerate—At 16°, 0°8577; 53°, 0°8293; 91°, 
0°7990; 125°, 0°7717. 

d-8-Undecyl n-Hexoate-—At 16°, 0°8579; 51°, 0°8335; 919, 
0°7999; 124°, 0°7762. 

d-B-Undecyl n-Heptoate—At 16°, 0°8579; 54°, 0°8302; 91°, 
0°8020; 126°, 0°7737. 

d-B-Undecyl n-Nonoate.—At 18°, 0°8570; 56°, 0°8308; 93°, 
0°8013 ; 125°, 0°7776. 

d-B-Undecyl n-Undecoate—At 17°, 0°8584; 55°, 0°8309; 90°, 
0°8050; 126°, 0°7753. 

d-B-Undecyl n-Dodecoate-—At 16°, 0°8585; 52°, 0°8336; 919°, 
0°8044 ; 126°, 0°7771. 

d-B-Undecyl Myristate—At 14°, 0°8593; 52°, 0°8329; 89°, 
0°8048 ; 125°, 0°7775. 

d-B-A myl n-Dodecoate.—At 16°, 0°8615 ; 53°, 0°8346 ; 87°, 0°8081; 
124°, 0°7795. 

d-8-Nonyl n-Dodecoate.-—At 16°, 0°8580; 53°, 0°8329; 91°, 
0°8041; 127°, 0°7773. 

d-8-Decyl n-Dodecoate.—At 15°, 0°8598 ; 45°, 0°8395 ; 84°, 0°8100; 
128°, 0°7756. 

d-8B-Dodecyl n-Dodecoate—At 16°, 0°8604; 50°, 0°8366; 919, 
0°8064 ; 127°, 0°7803. 


a —— 


888 PICKARD AND KENYON: INVESTIGATIONS ON DEPENDENCE 


d-B-Tridecyl n-Dodecoate—At 10°, 0°8616; 50°, 0°8345; 89°, 
0°8076; 124°, 0°7812. 

d-B-Amyl Acetate-——At 18°, 0°8692; 45°5°, 0°8433; 65°, 0°8215; 
91°, 0°7916. 

d-B-Nonyl Acetate——At 16°, 0°8632; 48°, 0°8356; 84°, 0°8040; 
121°, 0°7698. 

d-B-Decyl Acetate—At 20°, 0°8597; 52°, 0°8334; 82°, 0°8070; 
122°, 0°7711. 


d-B-Tridecyl Acetate—At 18°5°, 0°8585 ; 59°, 0°8270 ; 84°, 08064; 


127°, 0°7721. 

d-B-Amyl Acetate.—Vide supra. 

d-8-Amyl Propionate—At 18°5°, 0°8679; 49°, 0°8379; 78°, 
0°8084 ; 96°, 0°7885. 

d-B-Amyl n-Butyrate-—At 18°, 0°8702; 49°5°, 0°8430; 67°, 
0°8255 ; 96°, 0°7949. 

d-B-A myl n-Valerate.—At 17°, 0°8631; 45°, 0°8389; 73°, 0°8126; 
95°5°, 0°7903. 

d-B-Amyl n-Dodecoate.—Vide supra. 


Observed Rotations of the Homogeneous Esters. 


The rotations of the esters have been observed at different 
temperatures in jacketed tubes of either 50 mm. or 100 mm. long, 
round which heated mineral oil was drawn by a small pump. The 


‘temperature of the esters under observation was noted both before 


and after the polarimetric readings. The recorded figures are the 
mean of about five settings of the polarimeter, and when the shorter 
tube was used have been calculated for 100 mm. Two sets of 
observations were made: (1) with an ordinary sodium light pass- 
ing through a solution of potassium dichromate, and (2) with the 
green mercury vapour light, using a direct-vision spectroscopic eye- 
piece. In most cases the readings with green light were taken 
first, and the readings with the sodium light were commenced at 
the higher temperatures recorded. All recorded readings at 20° 
were taken at an interval of some months after the first series of 
observations, and the temperature was then regulated to 0°1°, in 
the previous experiments only to 0°5°. The readings recorded for 
the violet mercury vapour light were obtained with entirely fresh 
preparations, the opportunity being then taken to check the series 
of observations previously obtained with the first set of prepara- 
tions, when an excellent agreement was found for all compounds. 
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Esters of d-Butan-B-ol. 


Acetate.—a, at 20°, +22°30°; 27°, + 21°38°; 51°, +19°22°; 51°, 
+19°22°; 66°59, +17°88°; 69°, +17°60°; 88°, +16°24°; 102°, 
+15°12°. 

a,, at 20°, + 26°50°; 28°, +25°34°; 34°, + 24°58°; 38°, + 24°14°; 
46°5°, +23°30°; 55°, 4.29: 28°; 67°, +21°22°; 78°, +20°20°; 85°5°, 
+19°30°; 89°, +19°04°; 97°, +18°50°; 110°, +17°54°. 

a,, at 21°59, +43° 08°; si°, +41: 10°; 52°, +37°02°; 62°, 
+35°02°; 77°, +33°26°; 81°, +32°36°; 92°, +30°82°; 96°, 
+ 30°32°; 100°, +30°00°; 105°, +29°20°. 

Propionate.—a, at 20°, + 20°66°; 35°5°, +19°20°; 41°, + 18°88°; 
45°5°, +18°42°; 58°, 417: 38° ; 74°, +16°20°; 82°, +15°64°. 

a,, at 20°, + 24°42°; 42°, + 22°16°; 45°, 421: 88°; 60°, + 20°42°; 
66°, +19°82°; 73°, +19°28°; 80°, +18 72°. 

n-Butyrate.—ay at 20°, +19°14°; 38°, +17°58°; 46°, +16°88°; 
60°, +15°88°; 78°, +14°82°; 94°, 413 88°; 112°, 412: 88°. 

a,, at 20°, "429: 62°; 23°, + 22°38°; 30°, +21: 58°; 50°, +19°58°; 
65°, +18°38°; 81°, 417: 32°; 84°, +17°04°; 91°, +16°56°; 108°, 
+15°50°; 113°, +15°30°. 

o-Valenate-th at 20°, +17°82°; 45°, +16°02°; 48°, +15°50°; 
64°59, +14°72°; 76°5°, +14:00°; 98°, "12-780; 120°, +11°60°; 
138°, +10°76°. 

a,, at 20°, +4+21°10°; 31°5°, +20°229; 49°, +18°64°; 63°, 
+17°66°; 73°59, +16°74°; 104°, +14°42°; 128°, +13°34°; 136°, 
+12°94°, 

n-Hexoate.—a, at 20°, +16°12°; 41°59, +14°44°; 47°, +14°12°; 
56°, +13°50°; 77°, +12°34°; 108°, +11°06°; 124°5°, +10°28°; 
133°, +9°84°. 

a,, at 20°, +19°06°; 34°, +17°86°; 53°, +16°40°; 68°, +15°26°; 
80°, +14°56°; 93°, +13°80°; 117°, +12°50°; 128°, +12°00°; 
132°5°, +11°78°. 

n-H eptoate.—a, at 18°5°, +15°06°; 20°, +14°90°; 38°, + 13°78°; 
52°, +12°98°; 75°, +11°76°; 91°, +11°12°; 110°, +10°24°; 120°5°, 
+9°84°; 142°, +9°06°. 

a, at 20°, +17°58°; 45°, +15°76°; 51°, +15°42°; 58°59, 
+14°90°; 89°, +13°26°; 108°5°, +12°20°; 124°, +11°46°; 145°, 
+10°60°. 

n-Octoate.—a, at 20°, +13°82°; 41°5°, +12°66°; 64°, +11°56°; 
72°, +11°06°; 87°, +9°88°; 114°, +9°36°; 128°, +8°84°; 151°, 
+ 8°20°. 
at 20°, +16°32°; 29°5°, +15°74°; 49°5°, +14°52°; 55°, 


Agr 


+14°24°; 61°, +13°74°; 89°, +12°32°; 105°, +11°50°; 115°, 
+11°16°; 144°, +10°00°; 153°, +9°66°. 
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n-NVonoate.—a, at 20°, +12°94°; 35°, +12°26°; 63°, +10°88°; 
82°, +10°02°; 100°, +9°32°; 140°, +8:02°. 

a,, at 20°, +15°32°; 41°, +14°06°; 55°, + 13°28°; 65°, +12°74°; 
88°, +11°68°; 107°, +10°72°; 121°5°, +10°14°; 128°, +9°92°; 
142°, +9°48°. 

n-U ndecoate.—a, at 20°, +11°46°; 46°5°, +10°12°; 67°, +9°40°; 
91°, +8°52°; 124°, +7°60°; 154°, +6°76°. 

a,, at 20°, +13°54°; 48°, +12°06°; 78°, +10°74°; 85°, + 10°36°; 
94°59, +10°08°; 107°, +9°68°; 126°, +9°02°; 141°, 852°; 151°, 
+ 8°24°. 

n-Dodecoate.—a, at 20°, +10°86°; 52°, +9°48°; 78°, +8°72°; 
95°, +7°86°; 124°, +7°18°; 163°, +6°24°. 

a,, at 20°, +12°86°; 48°5°, +11°42°; 65°, +10°70°; 90°, +9°60°; 
129°, +8:44°; 136°, +8189; 149°, +7°82°; 159°, +7°56°. 

Myristate-—a, at 20°, +9°72°; 22°, +9°64°; 41°5°, +8°84°; 
60°, +8°32°; 67°, +8:12°; 85°, +7°50°; 130°, +6°28°; 149°, 
+5°90°. 

a,, at 20°, +11°50°; 40°, +10°66°; 70°, +9°50°; 113°, +7°98°; 
127°, +7°58°; 151°, +6°98°. 

Palmitate.—ay, at 28°, +8°52°; 60°, +7°56°; 95°, +6°60°; 123°, 
+5°96°. 

a,, at 28°, +10°08°; 52°, +9°22°; 79°, +8°32°; 110°, +7°40°; 
129°, +6°90°. 

Stearate.—a, at 20°, +8°04°; 23°5°, +7°94°; 49°, +7°16°; 73°, 
+ 6°60°; 92°, +6°10°; 1279, +5°40°; 141°, +5°14°. 

a,, at 20°, +9 54°; 50°, +8°60°; 67°, +7°94°; 81°, +7°52°; 
91°, +7°30°; 102°, +7°06°; 132°, + 632°; 143°, +6°08°; 148°, 
+5°98°. 

Esters of d-Hexan-B-ol. 


Acetate.—a, at 24°, +8°48°; 32°, +7°92°; 52°, +6°76°; 66°, 
+6°06°; 83°, +5°18°; 94°, +4: 58°; 102°, +4: 299 ; 115°, +3°88°. 

a,, at 24°, +10°02°; 40°, +. 8°68°; 64°, +7°12°; 72°, +6°60°; 
86°, +5°78°; 91°, +5°60°; 107°, +4°82°; 113°5°, +4°56°. 

Progicnate. —a, at 20°, +8°44°; 37°, +7°50; 50°, +6°94°; 72°, 
+5°92°; 83°, +5°52°; 989, +5: 00°; 122°, +4°28°. 

a,, at 20°, +9°86° ; 45°, +8°34°; 63°, +7°22°; 88°, +6°12°; 109°, 
+5 30; 131°, +4: 38°; 148°, +3: 749, 

n-Butyrate.—a, at 20°, +9°50°; 43°, +8:18°; 59°, +7°40°; 77°, 
+6°52°; 98°, +5°78°; 129°, +4°90°; 143°, + 4°46°. 
at 20°, +11°10°; 44°, +9 64°; 57°, +8°76°; 74°, +7°94°; 


Ogr 


94°, +7°02°; 110°, +6°30°; 125°, +5 “84°; 145°, +5: 20°. 

n-} relent. —a, at 20°, +9°60°; 34°, +9 02°; 42°, +8'54°; 57°, 
+ 7°86°; 73°, +7°16°; 929, + 6° 40° ; 101°, +5°98°; 122°, +5°38°; 
142°, + 4 78°; 156°, +4 44°, 
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a,, at 20°, +11°22°; 49°, +9°68°; 60°, +9°00°; 72°, +818°; 
83°, +7°84°; 100°, +7 oe; 110°, +6 78°; 128°, +6°08°; 159°, 
+5°20°. ;, 

n-H exoate.—ay at 20°, +.9°30°; 46°, +8°08°; 67°, +7°26°; 91°, 
+ 6°34°; 101°, +6°06°; 124°, +5°42°; 150°, +4°76°. 
a,, at 20°, +10°86°; 40°, +9°82°; 45°, +9°56°; 67°, +8°44°; 
72°, +8°22°; 83°, +7°88°; 114°, +6°60°; 146°, +5°58°. 

n-Heptoate.—a, at 20°, + 8°90°; 32°, 18 86°; 39°, +8°06°; 52°, 
+7°40°; 73°, +6°64°; 82°, + 6°38°; 104°, +5°62°; 112°, +5°40°; 
144°, +4°70°; 151°, +4 50°. 

a,, at 20°, +10°40°; 38°, +9°58°; 55°, +8:58°; 70°, +814°; 
84°, +7°28°; 106°, +6°68°; 120°, +6°26°; 162°, +5°20°. 

n-Vonoate.—a, at 17°5°, +8°16°; 20°, +8°:04°; 58°, +6°58°; 
75°, +5°94°; 86°, +5°64°; 115°, +4°94°; 143°, +4°40°. 

a,, at 20°, +9°42°; 42°, +8°44°; 53°, +8°06°; 67°, °+7°46°; 
86°, +6°56°; 100°, + 6°32°; 107°, +5 92°; 112°, +5°82°; 126°, 
+5°50°; 145°, +5°04°, 

n-U ndecoate.—a, at 20°, +7°16°; 42°, +6°48°; 50°, +6°02°; 
62°, +5°66°; 979, +4°90°; 112°, +4°56°; 123°, +4°20°; 154°, 
+3°68°. 

a,, at 20°, +8°36°; 44°, +7°40°; 66°, +6°54°; 88°, +5°88; 
114°, +5°20°; 151°, +4°28°. 

n-Dodecoate.—a, at 20°, +6°86°; 44°, +5°96°; 59°, +5°50°; 
75°, +5°04°; 101°, +4°46°; 142°, +3°66°. 

a, at 20°, +8°02°; 48°, +6°96°; 74°, +5°84°; 88°, +5°52°; 
97°, +5°30°; 110°, +4 92°; 120°, +4 74°; 130°, +4°54°; 152°, 
+4°14°, 

Myristate.—a, at 20°, +6°34°; 48°, +5°44°; 53°, +5°20°; 79°, 
+4°56°; 88°, +4°42°; 116°, +3°80°; 1379, 43° 50°; 165°, +3°16°. 

a,, at 20°, +7°42°; 39°, +6°60°; 42°, +6°50°; 52°, +6°16°; 71°, 
+5°62°; 75°59, +5°48°; 108°, “+4 62°; 113°, +4°60°; 120°, 
+ 4°42°; 130°, +4°22°; 135°, +4°14°; 1479, +4°00°. 

Palmitate—a, at 20°, +5°85°; 28°, 5°60°; 39°, +5°18°; 52°, 
+5°06°; 63°, +4°78°; "74°, +4460; 82°, 4°40°; 98°, +4°10°; 
104°, +3°78°; 122°, +3°66°; 139°, +3°50°. 

a,, at 20°, +6°90°; 29°, +6°60°; 38°, +6°40°; 44°, +6°14°; 
65°, +5°529; 79°, +4°96°; 98°, +4°62°; 104°, +4°58°; 118°, 
+4°38°; 139°, +4°06°. 

Stearate.—a, at 44°, +4°60°; 52°, +4°34°; 87°, +3°64°; 125°, 
+3°10°; 164°, +2°70°. 
at 40°, +5°46°; 58°, +5°02°; 86°, +4°26°; 105°, +3°92°; 


Og, 


138°, +3°40°; 1519, +3°30°. 
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Esters of d-Heptan-f-ol. 
Acetate.—a, at 18°, +7°24°; 20°, +7°099; 23°, +6°82°; 35°, 
+6°08°; 42°, +5°74°; 45°, 5°52°; 63°, +4°76°; 77°, +4°20°; 96°, 
+3°48°; 104°, +.3°08°; 112°, +2°78°; 118°, 42: 64°. 


a,, at 18°, +8:40°; 20°, +8239; "30°, +6°81°; 45°, +6-50°; 
51°, +6°10°; 82°, +4°70°; 101°, +3°76°; 116°5°, +3°16°; 125°, 


+2°86°; 128°, +2°70°. , 

Propionate.—a, at 18°, +7°28°; 20°, +7°20°; 41°, +6149; 
65°5°, +5°20°; 81°5°, +4-56°; 100°, +3°76°; 110°, +3'52°; 119°, 
+ 3°22° 


ayy 


+ 3°82°. 


n-Butyrate.—a, at 20°, +8°72°; 40°, +7°76°; 64°, + 6°68° ; 


83°5°, +5°86°; 105°, +5°18°; 126°, +4°52°; 142°5°, +4149. 

a,, at 20°, +10°16°; 38°5°, +9°14°; 60°, +7°98°; 73°5°, +7°40°; 
92°, +6°56°; 103°, +6°10°; 117°, +5°60°; 131°, +5°14°; 1479, 
+4°70°, 


n-Valerate.—a, at 20°, +8°78°; 35°, +8°06°; 50°5°, +7°48°; 


72°, +6°68°; 87°, +6°16°; 127°5°, +4:99°; 148°5°, +.4-36°, 

a,, at 20°, +10°28°; 40°5°, +9°24°; 75°, +7°72°; 915°, +7:029; 
108°, +6:46°; 117°5°, +6°14°; 135°, +5°52°; 1485°, +5-20°; 
154°5°, 44-949, 


n-Hexoate of 1-Heptan-B-ol.—a, at 21°, —848°; 45°, —7°14°; 
58°, —6°80°; 80°, —6:00°; 95°, —5°66°; 115°, —5°10°; 135°, 


—4°60°. 


a,, at 20°, —9°94°; 43°, —8:56°; 67°, —7°48°; 83°, —7:00°; 


108°, —6°20°; 117°, 5: 84°; 141°, —5°32°. 


n-Heptoate.—a,, at 20°, 18 34°; 40°39, +7°40°; 65°, +6°52°; 


81°, +6°00°; 103°, +5°32°; 1279, +4 84°; 151°59°, “4 4-949, 

Or 
125°, +5°62°; 139°, +5°26°; 158°, 4 84°. 

n-Octoate.—a, at 18°, + 7-829 ; 20°, +7°74°; 445°, +6°78°; 
55°, +6°38°; 89°, +5°38°; 102°, +5°08°; 120°, +4°62°; 139°, 
+4°28°; 153°5°, +3°929°. 

Agr 
97°, +6°08°; 116°, +5°50°; 129°5°, +5" 18°; 152°, +4°70°. 

n-Nonoate.—ay, at 20°, +7°42°; 31°5°, +6°92°; 49°5°, +6°40°; 
61°, +6°04°; 70°, +5°76°; 129°, +4 32°; 157°, 43° 90°. 


a,, at 20°, +8°64°; 31°, + 8°26°; BBS, +7°34°; 75°, +6°56°; 


100°, +5°74°; 126°, +5" 08°; 135°5°, +4°88°; 148°, + 4°68°. 


= lademete~nt at 20°, +6°78°; 44°, + 6-06°; 66°, +5°46°; 
80°, +5°14°; 979, +4°72°; 112°, +4°30°; 142°5°, +3°82°; 152°, 


+3°60°. 


at 20°, +8°40°; 48°, +6°86°; 60°, +6°28°; 65°, +6°06°; 
79°, +5°50°; 88°, +5°06%; 98°, +4°62°; 107°, +4°20°; 119°, 


at 20°, +9°54°; 40°, +8-64°; 60°, +7°80°; 105°, +6:20°; 


at 20°, +9°06°; 46°5°, +7°90°; 55°, +7°58°; 72°5°, +6°88°; 


pO Mead set 
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a,, at 20°, +7°92°; 43°5°, +7°14°; 69°, +6°30°; 90°, +5°74°; 
103°, +5°40°; 109°, +5°26°; 135°, +4:72°; 149°, + 438°, 

n-Dodecoate.—a, at 18°, +6°56°; 20°, +6°44°; 31°, +6°20°; 
42°5°, +5°86°; 64°, +5°26°; 85°, +4°74°; 96°, +4°46°; 112°, 
+4°08°; 134°, +3°78°; 158°, +3°38°. 

a, at 20°, +7°54°; 41°5°, +6°90°; 62°, +6°20°; 88°, +5°46°; 
100°, +5°10°; 110°, + 482°; 128°, +4°46°; 134°, +4°30°; 155°, 
+4°00°; 163°, + 3°88°, 

Myristate-—a, at 20°, +5°92°; 21°5°, +5°84°; 36°, +5°42°; 
65°, +4°74°; 79°, +44:40°; 88°, +4°16°; 104°, +3°94°; 113°, 
+3°80°; 158°, +3°14°. 

a,, at 20°, +6°92°; 36°, +6°44°; 69°, +5°44°; 91°, +4°90°; 
102°, +4°70°; 140°, +3°94°; 152°, +3°76°; 165°, “4 3°58°, 

Palmitete—t. at 20°, +5: 60°; 22°, +5: 48°; 42°, +4°96°; 50°, 
+4°76°; 66°, +4349; 121°, +3°40°; 141° 5°, +3°08°; 155°, 
+2°96°. 

a,, at 20°, +6°58°; 52°, +5°50°; 69°, +4°98°; 91°, +4°50°; 
116°, +4°14°; 131°, +3°84°; 151°, +3°48°. 

Stearate.—a, at 33°, +4°74°; 50°, +4°28°; 65°, +4°00; 88°, 
+3°56°; 102°, +3°24°; 126°, +3°00°; 147°, +2°72°. 

a,, at 35°, +5°38°; 52°, +5°04°; 71°, +4°50°; 91°, +4°08°; 
100°, +3°90°; 118°, +3°58°; 136°, +3°36°; 147°, +3°22°; 152°, 
+3°14°. 

Esters of d-Octan-B-ol. 


Acetate.—ay at 17°, +6°09°; 18°5°, +5°96°; 20°, +5°86°; 42°, 
+4°82°; 64°, +3°82°; 80°, 43° 10°; 103°, +2° ‘38° ; 124°, +1°76°; 
136°, +h 34°; 140°, +1 18°; 153°, +0°96°; 177°, +0°80°. 

a,, at 17°, +7°10°; 18° 5°, + 6°84°; 53°, +5°06°; 64°, +4°46°; 
95°, +3°06°; 116°, +2°24°9; 127°, +1°84°; 148°, +1°14°; 156°, 
+0°92°; 168°, +0°60°. 

a,; at 17°, +10°779; 18°, +10°74°; 53°59, +7°44°; 96°5°, 
+4°16°; 120°, +2°54°; 137°, +1°64°; 149°, +1°04°; 156°, +0°74°; 
170°, +0°22°, 

Propionate.—ay at 20°, +6°06°; 48°, + 4°76°; 52°, + 4°56°; 59°, 
+4°30°; 82°, +3°54°; 98°, +3: 00°; 111°, +2: 72° ; 120°, +2°36°; 
132°, +2°10°; 145°, +1°94°. 

a,, at 20°, +7°08°; 43°, 45°74; 59°, +5°00°; 72°5°, +4°52°; 
94°, +3°58°; 111°, +3°14°; 145°, +2°16°; 157° 5°, +1°96°. 

n-Butyrate.—a, at 20°, +7°68°; 45°, +6°74°; 64°, +5°72°; 
85°, +5°10°; 143°, + 3°48°. 

a,, at 20°, +892°; 40°, +800°; 58°, +7°02°; 73°, +6°46°; 
83°, +6°04°; 115°, +4°84°; 144°, +4°02°; 157°, +3°50°. 

n-Valerate.—a, at 20°, +7°82°; 56°, +5: 90°; 71°, +5°40°; 92°, 
+4°88°; 101°, +4°58°; 111°, + 4°40°; 129°, 4.3°92°; 141°, +3°62°. 
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a,, at 20°, +9°10°; 57°, +6°88°; 68°, +6:44°; 95°, +5°52°; 


128°, +4°64°; 153°, +3°90°. 


n-Hexoate.—a, at 20°, +7°66°; 49°, +6°54°; 68°, +5°80°; 88°, 


+5°24°; 107°, +4°76°; 129°, 44° 24°; 145°, +3°96°. 


Oy, at 20°, +9°04°; 40°, +7°98°; 71°, +6°70°; 79°, +6-42°; 


100°, +5°74°; 110°, +5°60°; 124°, +.5°10°; 150°, +4°48°. 


n-H eptoate.—a, at 20°, +-7°33°; 36°, +6°78°; 77°, +5°44°; 94°, 
+4°94°; 112°, +.4°41°; 120°, + 4°22°; 136°, + 3°90°; 160°, +3°62°; 


170°, +3°56°. 
Aer 


98°, +5°54°; 130°, +4°72°; 164°, $4149, 


a, at 19°, +13°76°; 49°, +11°66°; 62°, +10°86°; 83°, +9°56°; 
118°, +8°00°; 132°, +7 42°; 154°, +6" 64°; 165°, +6" 32°; 174°, 


+ 6°08°. 


n-Octoate.—c,, at 20°, +7°04°; 44°, +6:06°; 68°, +5°36°; 84°, 
4 4°88°; 103°, +4:44°; 114°, +4:24°; 133°, +3°82°; 140°, +3-76°. 
Ose at 20°, +8:20°; 42°, +7:22°: 60°, +636°; 67°, +6149; 
86°, +5°58°; 96°, +5°36°; 122°, +4°66°; 141°, +4:22°; 163°, 


+ 3°82°. 


n-Nonoate.—a, at 20°, +6°82°; 57°, +5°60°; 68°, +5°36°; 
D 


105°, +4: 48°; 143°, +3°84°; 152°, +3°66°. 

Ogr 
99°, +5°38°; 129°, +4°72°; 150°, +4°40°. 

n-U ndecoate.—a,, at 20°, +6°26°; 53°, +5°30°; 84°, +4°46°; 
105°, +3°92°; 124°, +3°62°; 140°, 43: 36°; 162°, 3° 24°, 

Oey 


138°, + 4°02°. 


n-Dodecoate.—a, at 20°, +6°00°; 65°, +4°80°; 84°, + 438°; 


110°, +3°88°; 152°, +3°10°. 


a,, at 20°, +7°04°; 44°, +6°20°; 71°, +5°46°; 77°, +5289; 


93°, +4°86°; 123°, +4: 20°; 153°, +3 66°. 


Myristate—a, at 24°, +5: 53°; 54°, +4°70°; 73°, +4°20°; 87°, 


+3°90°; 110°, +3°54°; 137°, +3122, 


Oy, at 24°, +6°50°; 47°, +5°70°; 54°, +5°48°; 84°, +4°64°; 


120°, +3°88°; 146°, +3°54°. 
Palmitate.—a, at 19°, +5°24°; 45°, +4°58°; 65°, 4-4°16°; 76°, 
+3°90°; 95°, +3°58°; 132°, +3: 10°, 


a at 21°, +6°10°; 36°, +5°64°; 63°, +4°92°; 66°, +5°02°; 


er 


90°, +4°44°; 116°, +3°84°; 134°, +3°60°; 147°, +3°32°. 


Stearate.—a, at 27°, +4 70°; 45°, +4°34°; 70°, +3°80°; 92°, 


+3°40°; 122°, +3°00°; 145°, +2" 68°. 


ayer 


125°, +3°40°; 135°, +3°20°; 159°, +2 90°; 184°, +2°70°; 195°, 
+2°60°; 203°, + 2°50°. 


at 20°, +8°52°; 40°, +7°80°; 77°5°, +6°28°; 90°, +5°82°; 


at 20°, +8:00°; 46°, +7:02°; 51°, +6°74°; 81°, +5°82°; 


at 20°, +7°30°; 46°, 4 6°40°; 59°, +5°96°; 112°, +4°46°; 


at 42°, +5°16°; 62°, +4:68°; 82°, +4:18°; 97°, +3:84°; 


or 


—_y— 
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a,, at 60°, +6°90°; 97°, +5°64°; 125°, +4°90°; 135°, +4°60°; 
158°, +4°30°; 184°, +3°54°; 195°, +3:44°; 203°, +3°34°. 


Esters of d-Undecan-B-ol. 


Acetate.—ay at 23°59, +4°32°; 38°, +3°64°; 52°, +3°20°; 67°, 
+2°52°; 84°, +2°00°; 90°, +1°88°; 124°, +1°02°; 145°, +.0°58°; 
168°, +0°10°; 180°, ” 0-049; 190°, "_0: 08°. 

a,, at 23°5°, +5°07°; 42°, +4°05°; 53°, +3°58°; 68°, +2°94°; 
83°, +2°35°; 106°, +1°76°; 123°, +1°19°; 128°, +1°04°; 163°, 
+0°22°; 180°, —0°06°; 185°, —0°14°. 

a,, at 13°, +8°52°; 48°, +5°64°; 70°, +4°26°; 104°, +2°06°; 
115°, +1°46°; 128°, +0°88°; 142°, +0°34°; 163°, —0°34°; 168°, 
—0°38°; 173°, —0°46°. 

Propionate.—a, at 20°, +4°42°; 36°59, +3°76°; 66°, 4+2°94°; 
87°, +2°38°; 112°, +1°82°; 123°, +1°56°; 136°, +1°40°; 1679, 
+1°12°. 

a,, at 20°, +5°18°; 36°, +4:50°; 49°, +3°96°; 59°, +3°66°; 
81°, +3°00°; 101°, +2°40°; 107°, +2°30°; 119°, +2°00°; 135°, 
+1°66°; 148°, +1°38°; 167°, +1°14°. 

a,, at 20°, +814°; 65°, +5°14°; 83°, +4:00°; 92°, +3°60°; 
98°, +3°34°; 112°, +2°70°; 131°, +2°06°; 1479, +1°52°; 167°, 
+0°94°; 172°, +0°86°, 

n-Butyrate—a, at 20°, +6°26°; 59°, 4°68°; 71°, +4°30°; 90°, 
+3°80°; 101°, +3°52°; 112°, +3: 34°; 140°, 42 82°. 

a,, at 20°, +7°34°; 39°5°, +6°34°; 51°, +5°80°; 59°, +5°46°; 
72°, +5°02°; 82°, +4°64°; 96°, +4°32°; 107°, “4 404°; 123°, 
+3°66°; 138°, +3°28°; 143°, +3°18°. 

n-Valerate.—ay at 20°, +6°38°; 22°, +6°32°; 37°, +5°74°; 
61°, +4°90°; 90°, +4°00°; 115°, +3°42°; 141°, +3°02°. 

a,, at 20°, +7°46°; 36°, +6°68°; 53° 5°, +5°98°; 70°, +5°30°; 
90°, +4°76°; 106°, +4°28°; 119°, +3°88°; 128°, +3°74°; 142°, 
+ 3°52°, 

n-Hexoate.—a, at 20°, + 6°32°; 21°, +6°28°; 45°, +5°46°; 67°, 
+4°80°; 73°, +4°66°; 101°, +4°02°; 120°, +3°64°; 132°, +3°46°; 
146°, +3°18°. 

a,, at 20°, +7°40°; 42°, +6°52°; 56°, +6:02°; 72°, +5-44°; 
86°, +5°08°; 102°, +4°66°; 119°, +4°36°; 136°, +3°92°; 1479, 
+ 3°80°. 

n-H eptoate.—a, at 18°, +6°22°; 20°, +6°14°; 42°, +5°50°; 90°, 
+4°24°; 115°, +3°68°; 145°, +3°14°. 

a,, at 20°, +7°16°; 40°, +6°48°; 60°, +5°88°; 79°, +5°30°; 
100°5°, +4°68°; 115°, +4°30°; 151°, +3°60°. 

n-Vonoate.—ay at 19°, +5°88°; 20°, +5°84°; 319, +5°50°; 47°, 
+5°06°; 79°, +4°34°; 100°, +3: 88° ; 128°, +3: “30°; 145°, +3°08°. 
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a,, at 20°, +6°82°; 44°, +6°00°; 67°, +5°32°; 94°, +4°70°; 


109°, +4°32°; 122°, +4°00°; 145°, +3°60°. 

n-Undecoate.—a, at 19°, +5°46°; 20°, +5°40°; 33°, +5°04°; 
51°, +4°64°; 68°, +4°14°; 75°, +4°04°; 92°, +3°72°; 103°, 
+3°50°; 118°, +3°26°; 145°, +2°88°. 


Og at 20°, +6°32°; 48°, +5°40°; 62°, +5°04°; 68°, +4°90°; 


92°, +4329; 103°, +4:06°; 120°, +3°76°; 137°, +3°50°. 


n-Dodecoate.—a, at 20°, +5°30°; 21°, +5°26°; 43°, +4°82°; 
66°, +4°22°; 93°, +3°56°; 1079, +3°34°; 131°, +3°08°; 151°, 


+ 2°84°, 


a,, at 20°, +6°18°; 42°, +5°58°; 67°, +4:88°; 79°, +4°60°; 


95°, +4°14°; 104°, +3-98°; 129°, + 364°; 145°, +3°36°. 
Myristate—a, at 19°, +4:92°; 20°, +4°90°; 35°, +4°50°; 60°, 
+3'90°; 95°, +3:26°; 124°, 42-849; 147°, +9°64°, 


a,, at 20°, +5°72°; 47°, +4:92°; 69°, +4:28°; 72°, +4:24°; 


88°, +3°90°; 113°, +3°54°; 136°, +3°20°; 144°, +3-08°. 


d-B-Nonyl Acetate.—a, at 21°5°, +5°22°; 52°, +3°62°; 66°, 
+3°10°; 88°, +2°34°; 108°, +1°74°; 178°, +0°08°; 193°, —0°12°. 
at 21°5°, +6°08°; 29°, +5°48°; 39°, +4°92°; 62°, +3°88°; 
67°59, +3°52°; 88°, +2°78°; 110°5°, +1°90°; 132°, +1°20°; 
161°, +0°46°; 172°, +0°24°; 182°, +0-049; 192°, —0°18°; 


ar 


196°, —0°26°. 


a, at 17°, +9°52°; 31°, +8:10°; 58°, +5°70°; 108°, +2°50°; 
125°, +1°42°; 143°, +0°62°; 156°, +0°24°; 176°, —0°46°; 


181°, —0°58°. 


d-8-Decyl Acetate—a, at 18°, +4°96°; 37°, +4°10°; 60°, 
+3°08°; 67°, +2°80°; 73°, +2°58°; 81°, +2°30°; 93°, +2°00°; 


105°, +1°80°; 117°, +1:40°; 143°, +0-90°; 195°, —0-02°. 

a,, at 18°, 4+5°80°; 35°, +4:80°; 59°, +3°66°; 74°, +2:96°; 
104°, +1°88°; 110°, +1°74°; 121°, +1°40°; 139°, +0°84°; 1429, 
+0°82°; 154°, 0°54°; 168°, +0°30°; 180°, +0°04°; 194°, —0°16°. 

a,, at 19°, +8:44°; 285°, +7:06°; 52°, +5°70°; 59°, +5149; 
72°, +4:00°; 82°, +3°3°; 88°, +2°98°; 95°, +2°50°; 106°, +1°70°; 
111°, +1°64°; 128°, +0°94°; 142°, +0°30°; 162°, —0°30°. 


d-B-Tridecyl Acetate.—a, at 21°, +3°94°; 31°, +3°58°; 41°, 
+3°18°; 619, +2°46°; 83°, +1°82°; 1049, +1 40°; 133°, +0°84°; 


153°, +0°44°; 179°, +0; 194°, —0°10°. 


a,, at 21, +4°58°; 29°, +4:20°; 42°5°, +3°62°; 57°, +3°02°; 
75°, +2°38°; 845°, +2°12°; 96°, 41°82; 124°, 41-089; 147°, 


+0°48°; 175°, +0°04°; 183°, —0°08°; 192°, —0°16°. 


a,, at 20°, +7°08°; 36°, +5°68°; 46°, 44-98°; 70°, +3:52°; 
101°, 4220°; 110°, +1:60°; 128°, +0:84°; 135°, +0°64°; 148°, 


+0°28°; 155°, +0°; 160°, ~0°10°. 


d-B-Amyl n-Dodecoate.—a, at 20°, +8°92°; 38°5°, +8°28°; 


——— 


—————————————— 
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48°5°, +7°86°; 62°, +7°54°; 74°, +7°20°; 87°, +6°94°; 94:59, 
+6°62°; 121°, +6°10°; 140°, +5°74°; 158°, +5°40°. 

a,, at 20°, +10°52°; 32°, +10°06°; 51°, +9°22°; 63°, +8°82°; 
79°, +8°30°; 89°5°, +7°96°; 95°, +7°88°; 110°, +7°44°; 126°, 
+7°00°; 144°5°, +6°60°; 155°, + 6°349. 

d-8-Nonyl n-Dodecoate.—a, at 20°5°, +5°76°; 38°, +45°18°; 
60°, +4°60°; 66°, +4°48°; 85°, +4°04°; 106°, +3°60°; 110°, 
+3°56°; 128°, +3°24°. 

a,, at 20°5°, +6°72°; 60°, +5°40°; 73°, +5°06°; 99°59, +4°40°; 
112°, +4°10°; 119°, +3°96°; 135°, +3°70°; 166°, +3°20°. 

d-8-Decyl n-Dodecoate.—a, at 20°, +5°50°; 42°, +5°04°; 579, 
+4°62°; 73°, +4°14°; 96°, +3°60°; 120°, +3°20°; 145°, +3°00°. 

a,, at 20°, +6°44°; 38°, +6°00°; 57°, +5°40°; 70°, +4°94°; 
103°, + 4°02°; 115°, +3°84°; 130°, +3°64°; 148°, +3°46°. 

d-8-Dodecyl n-Dodecoate.—a, at 20°, +5°14°; 38°, +4°66°; 
56°, +4°30°; 89°59, +3°62°; 126°, +3°04°; 142°, 2°88°. 

a,, at 20°, +6°00°; 46°, +5°26°; 58°, +4°94°; 83°, +4°40°; 
93°, +4°18°; 116°, +3°76°; 126°, +3°60°; 130°, +3°54°; 161°, 
+3°08°. 

d-B-Tridecyl n-Dodecoate——a, at 20°, +5°02°; 41°, +4°46°; 
47°, +4°36°; 68°, +3°80°; 79°, +3°66°; 99°, +3°32°; 112°, 
+3°12°; 129°, +2°90°; 145°, +2°74°. 

a,, at 20°, +5°84°; 40°, +5°26°; 47°, +4°98°; 56°, +4°74°; 76°, 
+4°32°; 849, +4°14°; 118°, +3°56°; 126°, +3°40°; 145°, +3°20°. 

d-B-Amyl Acetate—a, at 20°, +14°80°; 54°, +12°40°; 59°, 
+12°10°; 92°, +10°00°; 113°, +9°20°. 

a,, at 19°, +17°70°; 30°, +16°50°; 37°, +15°94°; 51°, +14°82°; 
679, +13°56°; 80°, +12°54°; 96°, +11°56°; 102°, +11°28°; 
115°, +10°66°. 

d-B-Amyl Propionate.—a, at 20°, +14°22°; 46°, +12°50°; 66°, 
+11°28°; 83°, +10°36°; 92°, +10°00°; 107°, +9°22°. 

a,, at 20°, +16°70°; 34°, +15°48°; 42°, + 14°94°; 50°, +14°32°; 
67°, +13°06°; 95°, +11°42°; 115°, +10°48°. 

d-B-Amyl n-Butyrate—a, at 22°, +13°54°; 51°, +11°60°; 719, 
+10°40°; 90°, +9°32°; 112°, +8°64°. 

a,, at 22°, +15°80°; 42°, +14°26°; 59°, +12°96°; 73°, +11°90°; 
88°, +11°02°; 107°, +10°30°; 119°, +9°80°. 

d-B-Amyl n-Valerate—a, at 20°, +13°74°; 21°, 13°64°; 40°, 
+12°38°; 70°, +10°80°; 92°, +9°78°; 125°, +8'54°. 

a,, at 21°, +16°00°; 40°, +14°36°; 46°, +14°04°; 57°, +13°40°; 
70°, +12°52°; 879, +11°48°; 102°, +11°00°; 123°, +10°10°. 


The authors have much pleasure in acknowledging the able assist- 
ance given to them by Messrs. William Osbaldiston and John 
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Ranson, who have prepared much of the material for this research ; 
and further desire to express their thanks to the Government Grant 
Committee of the Royal Society for grants which have defrayed 
some of the heavy expense of this investigation. 


MunNIcIPAL TECHNICAL SCHOOL. 
BLACKBURN. 


LXXXVI.—The Influence of Configuration on the Con- 
densation Reactions of Polyhydroxy-compounds. 
Part I. The Constitution of Mannitoltriacetone. 


By James Cotquyoun Irvine and Bina Mary Paterson 
(Carnegie Fellow). 


THE idea has long prevailed that the varying capacities exhibited 
by the sugars and other polyhydroxy-compounds to enter into con- 
densation with aldehydes or ketones is dependent on configuration. 
From time to time several investigators have directed attention to 
the irregularities of these condensations, and attempted to correlate 
the configuration of the hydroxyl groups which take part in the 
reaction with the composition and properties of the products, but 
the difficulties encountered in working with these highly unstable 
derivatives have precluded any experimental development of the 
subject. 

The compounds formed in these reactions are, as a rule, com- 
pletely hydrolysed in the cold by very dilute acids, or even by 
alkaline reagents, with the result that the mode of substitution in 
the sugar molecule was, until recently, quite unknown. It has, how- 
ever, been shown repeatedly in recent papers that the benzylidene 
or acetone residues which can be coupled with polyhydroxy- 
compounds withstand the methylating effect of methyl iodide in 
presence of silver oxide. A general method has thus been opened 
up for attacking the problem of the relationship between configura- 
tion and the property of reaction with the carbonyl group. 

The condensation referred to has been carried out chiefly with 
henzaldehyde or acetone, and the results, summarised in the 
following table, show that the position, rather than the number, of 
the hydroxyl groups present is the chief factor in controlling the 
change: 


ON CONDENSATION REACTIONS OF POLYHYDROXY-COMPOUNDS. 899 


Number of hydroxyl 
groups which react with 
Number of a A 
hydroxy! groups (5) Benz- 

Compound. present. (a) Acetone. aldehyde. 
Erythritol ..........0- os £ 4 4 
—_ sesgesececcesoooes : : : 

. Dulcitol ..........eeceeees 

MOORE IRE ccsseccersnsocsecs 6 6 4 
Mannitol ............00. 6 6 6 
a-Glucoheptitol ......... 7 6 2 
Arabinose ........0+6 pose a 4 4 
Rhamnose ........eeeeeee 4 2 4 
Sugars ~ Mannose.........seceeee oe 5 ? 2 
Fructose ........seeeeeeeee 5 4 2 
GIUCOSC .....eccereeeeeees 5 4 4 


The glucosides behave similarly to the corresponding sugars, but 
account must be taken of the fact that in such cases the reducing 
group originally present in the sugar is no longer available for the 
condensation, and that the absence of this highly reactive group 
simplifies the reaction considerably. 

Viewed as a whole, the series of reactions summarised above 
indicates that the relationship between configuration and this par- 
ticular type of condensation is exceedingly complex; but evidently 
the action of acetone is less irregular than that of benzaldehyde, 
and almost invariably results in the substitution of a larger number 
of hydroxyl groups. The convenient assumption that steric 
hindrance prevents more than a limited number of molecularly 
heavy residues from replacing adjacent hydroxyl groups is hardly 
justified in view of much of Fischer’s recent work, and it is possible 
that the acetone and benzylidene compounds are characterised by 
different linkings. Several arguments support this view; but these 
need not be discussed at this stage, as we have commenced an 
investigation with the object of deciding this question, and, in the 
meantime, attention may be confined to acetone derivatives alone. 
In view of the symmetrical configuration presented by mannitol, 
we have selected mannitoltriacetone as a test substance, and ascer- 
tained the linkings and relative stabilities of the three ketonic 
residues, with somewhat unexpected results. 

In structural work of this description, it is perhaps necessary 
to point out that it is advisable to differentiate sharply between 
the reducing sugars and the corresponding alcohols, as, quite apart 
from the presence of the reducing group, the y-oxidic ring * which 


* Although the expressions a, 8, y, etc., are used in this and the succeeding paper 
to indicate the positions of the alkyl groups in the methylated mannitols described, 
the authors are of the opinion that a numerical system of nomenclature is to be 
preferred. As an example of the confusion which arises from the present practice, it 
is perhaps sufficient to point out that the part of the mannitol molecule now des- 
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is present in the former case as an essential part of the structure, 
introduces complications which, if not entirely absent, are at least 
modified, in the alcohol series. When a reducing sugar condenses 
with two molecules of acetone, one ketonic residue may be situated 
diagonally to the plane of the y-oxidic ring, whilst the other may 
be above or below it (Irvine and Garrett, T., 1910, 97, 1277). On 
the other hand, in the case of mannitol, although the possibility 
no longer exists for the acetone residues to assume cis- and trans- 
linkings with respect to a cyclic structure, yet two distinctly 
different types of condensation can take place. These may be 
represented diagrammatically in the manner shown below, the ex- 
pressions cis and trans being retained to discriminate between the 
two types: 


l 
H- CO 0-C-H 
| \Nonte, i ss 
0% H-C-O 
cis- iailitisidiias. trans-Condensation. 


The above formule show the ketonic residues coupled as five- 
membered rings, although, so far, in the case of polyhydric alcohols, 
no direct experimental proof of this is available; but in view of 
the results of Boeseken’s recent studies in conductivity (Ber., 
1913, 46, 2612) and those now obtained by us, this type of linking 
is evidently formed where possible. Further, if we accept Fischer’s 
view that ketones condense with hydroxyl groups connected with 
8-carbon atoms rather than with those attached to a-carbon atoms, 
a series of contradictions arises. Thus, the arrangement is 
impossible in the case of glucosediacetone, and, similarly, the 
ketonic residues in mannitoltriacetone cannot be arranged in 
accordance with this idea, as at least one pair of a-carbon atoms 
must participate in the condensation. The simpler view is that 
this type of condensation is symmetrical wherever possible, so that 
mannitoltriacetone may in the meantime be represented by the 
following expression, in which A,, A,, and A, stand for the acetone 
residues : 

CH, ‘OH: CH:¢ ‘CH: 7 , 3 

0 00 0 
ye VW 
A, Ay A, 


Our results confirm this structure, but have unfolded new 
difficulties. It will be seen that, considering the configuration of 


cribed as the ‘‘§-carbon atom” becomes attached to what is invariably termed the 
‘* y-oxidice ring” in mannose, 
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mannitol, Ag must of necessity be a trans-grouping, applying this 
expression in the sense already indicated. On the other hand, A, 
and A, may be either cis or trans. It does not necessarily follow 
that in each of these cases the more stable cis-linking will result, 
as the relative positions in space of the terminal hydroxyl groups 
may conceivably be affected by the configuration of the remaining 
asymmetric systems, and they may thus react preferentially in one 
or other of the two alternative positions. Our results, in fact, 
point to this conclusion. 

Presumably, a difference in stability is to be expected in the 
three acetone residues in virtue of the different effect of cis- and 
trans-grouping on the molecular balance. A further difference in 
stability might also be expected to arise from the fact that one 
acetone residue (A,) substitutes the hydrogen atoms of two 
secondary hydroxyl groups, whilst the linking of the remaining 
ketonic residues (A, and A) involves one primary group in each 
case. This factor, although no doubt present, does not seem to 
exercise any marked effect on the stability of the different groups. 

It is, of course, inadmissible to claim that results obtained with 
cyclic structures such as glucose and fructose should find exact 
analogies in the case of an open-chain compound such as mannitol, 
but a close parallel has, nevertheless, been established in that 
carefully regulated hydrolysis of mannitoltriacetone removes the 
ketonic residues simultaneously, but at different rates. It is thus 
possible to isolate the intermediate compounds indicated in the 
following scheme: 

Mannitoltriacetone —> mannitoldiacetone —> mannitolmono- 
acetone —> mannitol. 

The reaction is, naturally, a troublesome one to control, and, as 
an index of the delicacy of the change, it may be mentioned that 
hydrolysis in stages can only be observed when the solvent consists 
of 70 per cent. alcohol containing 0°1 per cent. of hydrogen 
chloride. The progress of the reaction must be followed polari- 
metrically, and as the specific rotations of the different products 
do not lie far apart, and are, moreover, affected by the diminishing 
concentration of the active material in solution, it was necessary 
to carry out all our preparations in conjunction with continuous 
polarimetric readings. A record of the optical changes which took 
place during the course of the complete hydrolysis gave figures 
which, when plotted on the accompanying curve, showed two in- 
definite maxima, followed by a regular fall to a constant value. 

On stopping the reaction in the neighbourhood of the first 
maximum (A), the main product consisted of mannitoldiacetone 
mixed with smal] amounts of mannitol and unhydrolysed material. 
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Similarly, when the reaction was arrested at a time corresponding 
with the second maximum on the curve (B), the product was 
essentially mannitolmonoacetone. The formation of a definite 
mannitoldiacetone, as the first step in the production of the mono- 
acetone derivative, is obviously of great importance in tracing the 
course of the hydrolysis, as it eliminates the possibility of the 
hydrolytic change being confined, in the first instance, to the two 
acetone residues coupled in the primary alcoholic positions. More- 
over, it indicates that there is a difference in the stability with 
which the terminal groups A, and A; are attached to the molecule, 
although the configuration symmetry of the structure would not 


Hydrolysis of mannitoltriacetone. 
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justify this conclusion except on the assumption that there is a 
difference in the linking (cis or trans) of the groups A, and Ag. 
This has been confirmed by methylating mannitol-monoacetone 
and -diacetone, removal of the acetone residues by hydrolysis, and 
the identification of the positions occupied by the alkyl groups in 
the methylated mannitols thus produced. Obviously, from their 
mode of formation, these compounds contain both hydroxyl and 
methoxyl groups, the position of the former being the same as that 
previously occupied by the ketonic residues. In this way we 
obtained from mannitoldiacetone a dimethyl mannitoldiacetone, 
and, in turn, a crystalline dimethyl mannitol. On drastic oxida- 
tion with nitric acid the latter was converted into a dimethyl 
mannonic acid, which was isolated in the form of the correspond- 
ing lactone. Except on the extremely unlikely supposition that 
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the least stable acetone residue is linked in a seven- or eight 
membered ring, an idea which is opposed to the fact that the 
stability of A, is very nearly equal to that of A,, this result at 
once establishes the formula of dimethyl mannitol to be 
OMe-CH,°CH(OMe)-CH(OH)-CH(OH)-CH(OH)-CH,-OH. 

Further, it was found that, on condensation with acetone, 
dimethyl mannitol gave the same diacetone derivative as was 
obtained by the methylation of mannitoldiacetone, so that the 
ketonic residues in the latter compound must be linked in the 
same manner as in dimethyl mannitoldiacetone. Three alternative 
formule for mannitoldiacetone can thus be deduced: 


eens sad a ah Ge 
0 O O 


D4 
CMe, CMe, 
(I). 
OH-CH,’CH(OH)-CH-CH-CH-CH,°0 
Oo | 


| = 
| ie CMe, 
!...OMe,-~ 
(II.) 
OH-CH,-CH(OH)-CH-CH-CH-CH, 
0 0 0 O 
‘Me, 
—_CMe,— 


(III.) 


Six different structures are thus possible for mannitolmono- 
acetone, but three of these may be disregarded, as, on alkylation 
and hydrolysis, the tetramethyl mannitol obtained from the mono- 
acetone compound was oxidised by nitric acid to give a tetramethyl 
mannoic acid. The oxidation product was, moreover, incapable of 
forming a lactone. These results prove that the most stable 
ketonic residue in mannitoltriacetone is attached to a terminal 
primary group, and this conclusion is embodied in the formule 
shown above, as the dotted line indicates the acetone grouping 
which is removed in the change mannitoldiacetone —> mannitol- 
monoacetone. Of these three alternatives, formula III can be 
excluded, as, in the event of this structure being correct, the tetra- 
methyl mannitol formed from mannitolmonoacetone should be 
identical with that obtained by reduction of Ayet-tetramethyl 
mannose, and possess the constitution 
OMe-CH,°CH(OMe)-CH(OH)-CH(OMe)-CH(OMe)-CH,-OH. 
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This is not the case. We find that the tetramethyl mannitols 
obtained from these different sources are definitely isomeric, as 
shown by their oppositely directed rotations and the different 
behaviour of their oxidation products on distillation. On the 
other hand, formule I and II would lead to the following forms 
of tetramethyl mannitol : 

OMe-CH,°CH(OMe)-CH(OMe)-CH(OMe):CH(OH)-CH,°OH. 

(IV.) 


OMe-CH,°CH(OMe)-CH(OMe)-CH(OH):CH(OMe)-CH,:OH. 
(V.) 


There can be little doubt that formula IV is correct, in view of 
the behaviour of the compound on oxidation with nitric acid, and 
by the fact that when acted on by Fenton’s reagent a volatile pro- 
duct possessing the properties of an alkylated osone was produced. 

The various reactions upon which the structural discussion is 
based may be summarised as follows: 


Series I. 


Mannitoltriacetone 


Mannitoldiacetone ——~> Mannitolmonoacetone ——> Mannitol 
| 


Dimethyl mannitoldiacetone Tetramethyl mannitolmonoacetone 
lA 
N YI 
ef-Dimethyl mannitol vydeé-Tetramethyl mannitol 
et-Dimethyl mannonic acid vy5et-Tetramethyl mannonic acid 
e¢-Dimethyl mannonolactone. (no lactone) 
Series II. 
Mannose 


Methylmannoside 
| 


Y 


Byet-Tetramethyl mannose 


ee i 
—_ 


Ayet-Tetramethyl mannitol Ayet-Tetramethyl mannonic acid 


Ayeé-Tetramethyl mannonolactone 
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A survey of the results justifies the following conclusions: _ 
(1) In mannitoltriacetone the three ketonic residues are 
symmetrically attached to a-carbon atoms. 

(2) The stabilities of the three substituents fall in the order 
As>A,>A,. 

(3) Considering the symmetrical configuration of mannitol, this 
difference in stability indicates that the substituents possess the 
trans-, trans-, cis-arrangement. 

The complete structural formula of the compound may thus be 
represented as: 

As 


i 
—() H H 0 O . 
| | | ‘| | 
CH,—C—0—-—0—C—OH,. 


| JA | | 
—sa--0 0” HH 


It would thus appear that the terminal alcohol groups in 
mannitol, although unconnected directly with an asymmetric 
carbon atom, assume preferentially different positions, which affect 
the reactions of the compound and the stability of the products. 
A new feature of complexity is thus introduced into the reactions 
of optically active alcohols which serves to account for most of the 
discordant results tabulated at the beginning of the paper, and 
also many other irregularities encountered in the sugar group. 
The investigation is being continued on the lines indicated in this 
communication. 

EXPERIMENTAL. 


Hydrolysis of Mannitoltriacetone. 


More than 400 grams of mannitoltriacetone were prepared by 
the method described by Fischer (Ber., 1895, 28, 1167). As the 
results of the investigation indicated the possibility that more than 
one form of the compound may exist, a large quantity of the sub- 
stance was submitted to systematic fractional crystallisation, but 
no difference was observed in the melting point, specific rotation, 
or microscopic appearance of any of the fractions. 

In order to ascertain the conditions under which mannitol- 
triacetone could be hydrolysed in definite stages, a large number 
of preliminary experiments were necessary. Solutions of the 
triacetone compound in dilute alcohol containing from 0°1 to 0°2 
per cent. of hydrogen chloride were heated at various temperatures, 
the progress of the hydrolysis being ascertained by a continuous 
record of the changes in optical activity. By means of selected 
typical experiments, it is possible to illustrate the variation in 
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conditions which led to the isolation of the unstable intermediate 


products. 
I. II. IT. IV. Vv. 


Mannitoltriacetone, per cent.. .......+. 3°75 2°65 2°5 79 6°9 
Ethyl alcohol, per cent. .........eeeseeees 75 67 50 55 68 
Hydrogen chloride, per cent. .......... 02 0-2 Ol 0-1 0-1 
Temperature ........cccccccccscsceseceecees 40° 40° 40° 40° 40° 
Time in Minutes ........cccccccccecceeceees - 1000 400 120 120 160 


In experiment I the specific rotation showed a continuous but 
irregular diminution, and mannitol was the only product isolated. 
Similarly, in experiment II, the hydrolysis was practically complete, 
but evidence was obtained for the first time that the specific rota- 
tion increased slightly and then diminished, ultimately becoming 
levo. Under the conditions of experiment III, the rise and fall 
in rotation was more decided, and the final products consisted of 
unaltered mannitoltriacetone, mannitol, and mannitolmonoacetone. 
The only practical method for arresting the hydrolysis approxim- 
ately at the diacetone stage was to increase the alcohol concentra- 
tion of the solvent as indicated in experiment IV, the products 
from which contained both the mono- and the di-acetone deriv- 
atives, together with 40 per cent. of mannitol. The amount of the 
latter is an index of the hydrolysis being carried too far, and in 
experiment V the mannitol formed was less than 1 per cent. of 
the total products of the hydrolysis. 

As a necessary conseauence of the above results, the conditions 
of the hydrolysis were varied according as mannitol-diacetone or 
-monoacetone was required, but the successive formation of each 
compound was traced by polarimetric examination of a solution 
in which the conditions were adjusted so that the rates of the 
simultaneous hydrolytic actions were sufficiently varied to show a 
rise in specific rotation to two indefinite maxima, followed by a 
diminution to a constant levorotation. The curve illustrating the 
progress of the reaction, which is reproduced in the introduction, 
embodies more than four hundred consecutive polarimetric 
observations, some of which are indicated below in order to illus- 
trate the small differences in rotation with which we were compelled 
to deal. 

e=5'0172, 1=2, solvent 67 per cent. ethyl alcohol; hydrogen 
chloride 0°] per cent., ¢=40°. Readings taken every five minutes 
for 550 minutes: 


Time from Time from 

start. start. 
See eee +1-40° | 190 minutes ..........scccccccsese 1-64° 
a 1-60 220 ‘c= (eho eaudadamiaas 1.56 
a ittdnidiimsainin%e 1-65 300 ‘ss «| “~namaiaaeinasadeta 1-52 
ee RN ee 1-66 650 —C,, ddiiiceeitatatitebinatiats 1-32 
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Thereafter the temperature was raised to 50°, and readings taken 
at intervals of 30 minutes for 1500 minutes: 


Initial rotation.........cccccccccccsccssesccces +-1-32° 
Rotation after 300 minutes ............00. 0-67 
Ps a Ce marrrre inactive. 
28 » 1500 i waneatahensmese —0-07° (constant). 


The above results formed the basis of the practical methods of 
carrying out the hydrolysis which are afterwards described. 


Preparation of Mannitoldiacetone. 


The following may be taken as a typical preparation of mannitol- 
diacetone. Thirty grams of mannitoltriacetone were dissolved in 
450 c.c. of ethyl alcohol containing 32 per cent. of water and 
0°1 per cent. of hydrogen chloride. The solution was immersed in 
a thermostat at 4° and stirred for 150 minutes, after which the 
acid was removed by silver carbonate, and the filtrate shaken with 
animal charcoal. On removal of the alcohol under diminished 
pressure, a quantity of unaltered mannitoltriacetone separated. 
This was removed, and the evaporation of the filtrate continued 
until a dry residue remained. On treatment with cold acetone, 
mannitol was left undissolved, whilst the mono- and di-acetone 
derivatives, amounting to about 50 per cent. of the total product, 
’ passed into solution, and a mixture of the two compounds was 
obtained on removing the solvent in a vacuum. Separation was 
) effected by boiling with a large excess of dry benzene, and, on cool- 
ing, mannitolmonoacetone was deposited in the crystalline state. 
The filtrate was evaporated to dryness, and the residual syrup dis- 
; tilled at 172°/11 mm. After remaining some weeks in the ice 
chest, the clear, viscous distillate solidified to a mass of colourless 
needles, melting at 37—-39°. In different experiments, 170 grams 
of mannitoltriacetone were worked up in the manner described. 

Mannitoldiacetone dissolves readily in water, alcohol, acetone, 
and benzene, and is dextrorotatory in solution. | 


Found, C=54'70; H=8'56. 
Ci.H».0, requires C=54°92; H=8:40 per cent. 


é Solvent. c. l a”, [a 
. Water oe... 2-6940 2 +1-04° +19-31° 
Alcohol ........- 2.6990 2 +085 415-75 | 


Conversion of Mannitoldiacetone into Mannitolmonoacetone. 


A 5 per cent. solution of mannitoldiacetone in 68 per cent. ethyl 
alcohol, containing 0°1 per cent. of hydrogen chloride, was divided 
into two parts, one of which was kept at 20° and the other at 40°. 
Contrary to expectation, each solution showed the same initial 
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rotation of +1°06° (J=2) instead of the calculated value of 0°85°. 
The former figure agrees exactly with the rotation of the mannitol- 
monoacetone which would be formed on hydrolysis, and, moreover, 
mannitolmonoacetone was isolated as the sole product from each 
experiment. It is thus evident that under the conditions employed 
the removal of one acetone residue must have been instantaneous. 
The remaining acetone group was, however, stable at 20°, and was 
only eliminated at 40° after heating for 245 minutes. This 
extreme instability of one of the acetone residues accounts for the 
great difficulty in isolating mannitoldiacetone. 


Preparation of Mannitolmonoacetone. 


Although this compound is obtained in the course of the pre- 
paration of mannitoldiacetone, it is advantageous, so far as yields 
are concerned, to carry the hydrolysis definitely beyond the 
diacetone stage. 

Thirty grams of mannitoltriacetone were dissolved in 1000 c.c. 
of 50 per cent. alcohol containing 0°1 per cent. of hydrogen 
chloride, and the solution heated in a thermostat at 40°. Mean- 
while, a sample of the liquid was examined polarimetrically in a 
2-dem. tube, and as soon as the activity had passed the second 
maximum on the curve and had commenced to fall, the reaction 
was arrested by the addition of silver carbonate. The nydrolysis 
generally occupied from two and a-half to three hours, but, as the 
process is influenced to a marked degree by imperceptible variations 
in the conditions, it is inadvisable to depend on the time of heating, 
and continuous polarimetric examination of the liquid is necessary. 
After filtration from silver salts and shaking with animal charcoal, 
the solvent alcohol was evaporated at the ordinary pressure, and 
the water subsequently removed in a vacuum. On extracting the 
solid residue with acetone, any mannitol present was left behind, 
and the filtered extract was evaporated to dryness. Repeated ex- 
traction with boiling benzene dissolved the mannitolmonoacetone, 
which separated from the solution in glistening plates. The experi- 
ment just described yielded 15°2 grams of the monoacetone com- 
pound, 3°4 grams of mannitol, and no mannitoltriacetone remained 
unaltered. In all, 200 grams of mannitoltriacetone were treated 
in the manner described. 

Mannitolmonoacetone is readily dissolved by water, alcohol, or 
acetone, but is only sparingly soluble in boiling benzene, separating 
readily from the solution in needles, melting at 85°. 


Found, C=48°50; H=8'17. 
C,H,,0, requires C=48°65; H=8-11 per cent. 
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The following observations of optical activity were made: 


Solvent. C. d. a, (ay. 
Water.........00. 2-760 1 +0-73° +26-4° 
Alcohol ......... 2-630 1 +0-61 + 23-2 


Conversion of Mannitoldiacetone into &-Dimethyl Mannitol. 


Mannitoldiacetone (1 mol.) was dissolved in methyl iodide 
(4 mols.), and the alkylation of the hydroxyl groups carried out, 
in the usual way, by the addition of silver oxide (2 mols.); the 
reaction was continued for eight hours, the product being extracted 
with a mixture of ether and acetone. The subsequent treatment 
was as usual, and dimethyl mannitoldiacetone was ultimately 
isolated as a colourless liquid, boiling at 140—141°/13 mm. After 
re-alkylation of the undistilled residues, the yield of pure material 
was 80 per cent. of the theoretical amount. 

Found, C=57°'77; H=9°16; OMe=22°48. 

C,,H»,0, requires C=57°93; H=8'97; OMe=21°38 per cent. 

Dimethyl mannitoldiacetone is a neutral, colourless liquid, freely 
soluble in water and organic solvents generally. 


Solvent. C. I a®, [a}?”. 
Water......scceee 2-568 2-2 + 1-45° -++-25-7° 
Alcohol ......... 2-075 2-2 +1-00 +21-9 


The compound was easily hydrolysed to give dimethyl mannitol 
under the following conditions: 30 grams of dimethyl mannitol- 
diacetone were dissolved in 250 c.c. of 50 per cent. alcohol, contain- 
ing 0°2 per cent. of hydrogen chloride, and the solution was heated 
in a stoppered flask at 70°. In the course of four hours the specific 
rotation altered from dextro to levo, and attained a constant value, 
whereupon the acid was neutralised as usual, and, after the 
customary treatment with charcoal, the filtrate was concentrated. 
On removal of the alcohol, the aqueous solution was evaporated in 
a vacuum, and the crystalline residue drained on a tile. Purifica- 
tion of the product was effected by repeated crystallisation from 
boiling benzene. The yield was 50 per cent. 

Dimethyl mannitol, prepared as above, crystallises in long 
needles, melting at 93°. The compound is freely soluble in water, 
alcohol, or acetone, but only sparingly so in ether or hydrocarbon 
solvents. 

Found, C=45°68; H=8°79; OMe=32'3. 

C,H,,0, requires C=45°71; H=8'57; OMe=29'5 per cent. 


Solvent. c. l. a2? fap. 
Water........000. 2-475 2-2 —0-40° —7°35° 
Alcohol ......... 2-105 2-2 —0-41 — 8-85 
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Reactions of e(-Dimethyl Mannitol. 


(1) Condensation with Acetone.—Four grams of the compound 
were dissolved in 50 c.c. of acetone, containing 0°1 per cent. of 
hydrogen chloride, and the solution kept at the temperature of 
the room for twelve hours. The acid was neutralised as usual, the 
solvent removed, and the residue distilled under diminished 
pressure. The distillate, which was somewhat turbid, was left in 
contact with solid calcium chloride for twelve hours, and then re- 
fractionated. The pure product boiled at 140—141°/13 mm., gave 
. the analytical figures required for dimethyl mannitoldiacetone, and 
showed the same specific rotation as the compound obtained by 
methylating mannitoldiacetone. This result proves that the two 
acetone residues take up the same positions in dimethyl mannitol 
as they do in mannitol. 

(2) Oxidation with Nitric Acid—It was found that although 
the oxidation of dimethyl mannitol by means of nitric acid readily 
resulted in the complete destruction of the compound, the process 
could be arrested at a stage at which a dimethyl mannonic acid was 
produced. Nine grams of dimethyl mannitol were dissolved in 
60 c.c. of nitric acid (D 1°184) and heated at 75°, polarimetric 
readings being taken at intervals in a 1l-dem. tube. The initial 
reading was —1°06°, and this value rapidly altered to dextro- 
rotatory, attaining a maximum of about +0°74° in 270 minutes, 
after which the rotation diminished steadily. It was essential to 
stop the oxidation exactly at the stage of maximum activity, as 
otherwise oxalic acid was formed in quantity. The solution was 
largely diluted with water and evaporated to dryness under 
diminished pressure, the operation being repeated five or six times, 
until the product was free from nitric acid. The residual syrup 
was then dissolved in water, neutralised with calcium carbonate, 
the solution filtered, and decomposed by the addition of the exact 
amount of sulphuric acid. After removal of the calcium sulphate 
and evaporation of the filtered liquid to dryness, the residue was 
dissolved in alcohol, again filtered, and concentrated to a syrup. 
Further purification was effected by dissolving in ether, filtering 
from suspended impurities, and evaporation of the solvent. When 
dried in a vacuum at 70°, the product was a clear syrup, which 
decomposed on distillation, but solidified on keeping to a mass of 
colourless needles, melting after recrystallisation from ether, at 
112—114°. The analyses and properties of the compound showed 
it to be the lactone of dimethyl mannoic acid. 

Found, C=46°65; H=6°68; OMe=29°7. 

C,H,,0, requires C=46°60; H=6°80; OMe=30'1 per cent. 
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In view of the theoretical importance of this result, the oxidation 
was repeated exactly as described, but without the intermediate 
formation of the calcium salt, the last traces of nitric and oxalic 
acids being removed by heating at 75° under 0°2 mm. pressure. 
The lactone thus obtained crystallised readily. 

Found, C=46°35; H=6°48; OMe=29°4. 

C,H,,0, requires C=46°60; H=6°80; OMe=30'1 per cent. 

The behaviour of the compound on titration was characteristic 
of a lactone: 

0°1340 gram required 0°0263 gram of sodium hydroxide. 

C,H,,0, requires 0°0260 gram of sodium hydroxide. 

As in the case of mannonolactone, the compound passed 
spontaneously into the corresponding acid when dissolved in 
aqueous methyl alcohol. This change, which was complete in six 
days, was accompanied by a diminution in optical activity. 

Initial [a]>° + 22°36° —> Final [a]p° + 16°22°. 

The above values are calculated on the concentration of the 

lactone originally present. 


Conversion of Mannitolmonoacetone into yéel-Tetramethyl 
Mannitol. 


In the methylation of mannitolmonoacetone, acetone was used as 
a solvent, the proportion of methyl iodide and silver oxide employed 
being 8 mols. and 4 mols. respectively. After the first alkylation, 
the product was again treated with half the above quantities of 
the methylating mixture, no extraneous solvent being required in 
this instance. The extracting agent used was ether, and fractiona- 
tion of the product gave a 60 per cent. yield of tetramethyl 
mannitolmonoacetone, boiling at 138—140°/11 mm. 

Found, C=55°91; H=9°41; OMe=44°2. 

C,3;H,,O, requires C=56°12; H=9°35; OMe=44'6 per cent. 

The compound is a colourless, mobile liquid, freely soluble in 
water and organic solvents generally. 


Solvent. C. J. a0”, [a]. 
Water ......ccccce 3-098 2 + 2-42° +39-1° 
Alcohol .......... 2-865 2-2 2-03 32-2 


The removal of the acetone residue was effected by heating a 
5 per cent. solution in 50 per cent. alcohol, containing 0°2 per cent. 
of hydrogen chloride, to 70°. In the course of five hours the rota- 
tion altered from dextro to levo, and became constant. The 
further treatment was as already described in the preparation 
of dimethyl mannitol, except that the final product was dissolved 

3.0 2 
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in ether, and, after removal of the solvent, fractionated in a 
vacuum. In this way an excellent yield of tetramethyl mannitol 
was obtained as a colourless syrup boiling at 167—169°/13 mm. 
More than 30 grams of the compound were prepared. 

Found, C=50°30; H=9°28; OMe=52'6. 

CpH_.0, requires C=50°42; H=9°24; OMe=52°1 per cent. 

The compound, which is readily soluble in all ordinary solvents 

with the exception of light petroleum, is levorotatory. 


Solvent. 6 i. a, [a]. 
Water............ 1-921 2-2 —0-55° — 13-02° 
Alcohol ......... 1-813 2-2 —0-50 — 12-54 


As a further standard of comparison, the refractive index was 
taken (7 =1°4552). 


Oxidation of ydel-Tetramethyl Mannitol. 


It is necessary to refer to the following experiments in detail, as 
their results have an important bearing on the structural problems 
involved in the research. 

Action of Fenton’s Reagent—Ten grams of tetramethyl 
mannitol were dissolved in a small quantity of water, containing 
4 grams of ferrous sulphate, and 30 c.c. of hydrogen peroxide 
(20 volume) added drop by drop, the liquid being meanwhile cooled 
in ice and mechanically stirred. After an interval of fifteen hours 
the solution was shaken with barium carbonate until neutral, 
filtered, and evaporated to a syrup in a vacuum. The product was 
extracted with ether, and the solution left in contact with 
anhydrous potassium carbonate, after which the solvent was re- 
moved and the residual syrup distilled under diminished pressure. 
The main portion boiled at 157—158°/8 mm., and reacted slightly 
acid, so that a second treatment with potassium carbonate was 
necessary. On prolonged fractionation of the neutralised syrup it 
was found that the bulk of the product consisted of unchanged tetra- 
methyl mannitol, but the portions of lower boiling point reduced 
Fehling’s solution actively in the cold. The yield was, however, 
very small, and it was found impossible to isolate a pure product 
by distillation.. An oxidation product of the nature of an aldose, 
or, more probably, an alkylated osone, was evidently present, as, 
in addition to the characteristic action on Fehling’s solution, the 
compound turned brown when dissolved in sodium hydroxide solu- 
tion, and gave a positive result with the Molisch reaction. It also 
formed an oily precipitate when heated with phenylhydrazine. 
Apparently two products were present, one dextro- and the other 
levo-rotatory; but the figures obtained on analysis, although 
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indicating that the methoxyl groups had survived the oxidation, 
did not correspond with any simple formula. 

Attempts to alter the conditions of the oxidation led to ro 
better results, as, even after prolongation of the reaction for seven 
days at 15°, the bulk of the alkylated mannitol was recovered un- 
changed, and, on the other hand, when conducted at 30°, large 
quantities of acids were produced. 

The following experiment shows, however, that an alkylated 
derivative of mannose was produced in the reaction. A 10 per 
cent. solution of the oxidation product (b. p. 154—165°/8 mm.) in 
methyl alcohol, containing 0°25 per cent. of hydrogen chloride, was 
heated at 100° for sixteen hours. During this treatment the action 
on Fehling’s solution disappeared, and the levorotation diminished. 
The product was isolated by the methods usually adopted for 
alkylated glucosides, and collected in two fractions. The portion 
boiling below 157°/8 mm. gave a sharp glucosidic reaction with 
Fehling’s solution, and showed [a],,+3°6° in ethyl alcohol, whilst 
the material distillating above this temperature, although likewise 
glucosidic, gave —10°1°. The dextrorotatory liquid was extracted 
with boiling light petroleum, and it was thus possible to isolate 
from the solution a glucosidic constituent showing [a], +28°4°. 
On hydrolysis with hydrochloric acid, the activity of the liquid 
altered from dextro to levo, and the reducing syrup was 
regenerated. We were unable to identify this compound as tetra- 
methyl mannose, and the whole series of reactions leads inevitably 
to the conclusion that tetramethyl mannosone was present. In 
view of the constitution assigned to tetramethyl mannitol, it is 
improbable that y-oxidic tetramethyl mannose could have been 
present. On the other hand, the extremely vigorous reaction with 
Fehling’s solution, and the ease with which the condensation pro- 
duct with methyl alcohol was formed and hydrolysed, would 
indicate that the oxidation product was an alkylated osone, and not 
an aldose. 

Oxidation by Nitric Acid. ydel-Tetramethyl Mannonic Acid.— 
Vigorous oxidation took place when a 16 per cent. solution of 
tetramethyl mannitol in nitric acid (D 1°184) was heated to 75°. 
The reaction was accordingly maintained at a lower temperature 
(65°), and continued so long as the rotation of the solution in- 
creased in the levo-sense. After five hours the activity began to 
diminish, and the oxidation was arrested by extensive dilution with 
water, the nitric acid being removed, as usual, by repeated con- 
centrations under diminished pressure. The acid produced was 
then converted into the calcium salt, which was freed from 
extraneous organic products by boiling with dry ether. Unfortu- 
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nately, no suitable recrystallising medium could be found for the 
salt, and the analytical figures obtained were, consequently, only 
aproximate. 


Found, Ca=8'53. 
CH 3g0,,Ca requires Ca=7°38 per cent. 


The calcium salt was accordingly decomposed by the addition of 
the exact amount of sulphuric acid, and the product ultimately 
isolated by distillation under diminished pressure. In this way a 
25 per cent. yield of tetramethyl mannonic acid was obtained as a 
colourless liquid, boiling at 180—182°/12 mm. 


Found, C=47°80; H=7°99. 
C,,>H)0, requires C=47°62; H=7'94 per cent. 


0°1533 gram required 0°0269 gram of sodium hydroxide. 
C19 Ho 07 requires 0°0243 gram of sodium hydroxide. 


The analyses and the behaviour on titration indicated clearly 
that no lactone was present, and this was confirmed by the fact 
that the rotation in aqueous methyl alcohol remained constant 
([a]e°+10°1°) during an examination which extended over several 


days. 


Reduction of Byel-Tetramethyl Mannose to Bye-Tetramethyl 
Mannitol. 


For reasons stated in the introduction, it was necessary to 
examine the form of tetramethyl mannitol containing an un- 
methylated group in the y-position. 

Tetramethyl mannose was prepared as already described (Irvine 
and Moodie, T., 1905, 87, 1462), and reduced to the corresponding 
alcohol in the following manner. A concentrated solution of the 
sugar in moist ether was treated with a large excess of 4 per cent. 
sodium amalgam (65 grams of amalgam for each gram of sugar). 
A current of carbon dioxide was passed through the mixture, which 
was continuously stirred for thirty-six hours, after which the 
ethereal liquid was filtered, the residues extracted several times 
with boiling ether, and the extracts added to.the main portion. 
On removal of the solvent, the residual syrup was distilled, and as 
the product was feebly acid, and reduced Fehling’s solution slightly, 
the reduction was repeated exactly as described above. On work- 
ing up the product, tetramethyl mannitol was obtained in good 
yield as a colourless, non-reducing liquid, boiling at 177°/11 mm., 
and giving n=1°4560. 
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Found, C=50°20; H=8°91; OMe=52°2. 
C9H 20, requires C=50°42; H=9°24; OMe=52°1 per cent. 


Solvent. c. l. 20", [a]. 
. Water eeecccere eeecce 2-491 2 a 1-10° + 22- ; 
Alcohol ........00++ 1-744 2 +1-39 +39-8 


The solubilities of the compound resembled those of tetramethyl 
mannose. 


Oxidation of Byel-Tetramethyl Mannose. Byet-Tetramethyl 
Mannonolactone. 


Eight grams of tetramethyl mannose were oxidised by bromine 
water according to the method already described for the prepara- 
tion of tetramethyl gluconolactone (Purdie and Irvine, T., 1903, 
83, 1033). The acid product, when distilled at 1749/11 mm., gave 
a colourless, neutral syrup, which was identified by analysis and 
titration as tetramethyl mannonolactone. 

Found, C=50°88; H=7°62. 

C,9H,,0, requires C=51°28; H=7°69 per cent. 
0°2012 gram required 0°0344 gram of sodium hydroxide. 
C,)H,,0, requires 0°0332 gram of sodium hydroxide. 

As is usually the case with lactones allied to the sugars, the con- 
version into the corresponding acid took place spontaneously in 
aqueous methyl alcohol, and the change was accompanied by a 
marked alteration in the rotatory power. 

Initial [a]}?°+78°8° —> Final [a]}° + 38°5°. 

The above figures were obtained with a solution (c=1°384) in 
60 per cent. methyl alcohol, and, at the temperature of the room, 
the change was complete in ten days. 

CHEMICAL RESEARCH LABORATORY, 


Unirep CoLiEce oF St. SALVATOR AND Sr. LEONARD, 
UNIVERSITY oF ST. ANDREWS. 


LXXXVII.—The Formation of Ethers from Mannitol. 
An Example of Steric Hindrance. 


By James Cotqunoun Irvine and Brna Mary Paterson 
(Carnegie Fellow). 


As a development of the investigation recorded in the preceding 
paper we have erdeavoured to prepare a series of mixed ethers 
from mannitol with the object of synthesising compounds of 
pharmacological interest, and, incidentally, of ascertaining the 
optical effect of successive substitution in the hexahydric aleohol. 


916 IRVINE AND PATERSON: 


Contrary to expectation, the action of silver oxide and ethyl iodide 
on ydeé-tetramethyl mannitol was arrested at a stage when 
ydeé-tetramethyl-6-ethyl mannitol was the essential product, and 
two subsequent ethylations failed to increase the alkyloxy-content 
of the molecule. As the introduction of ethyl groups is invariably 
more difficult than the parallel process of methylation, this result 
was, in the first instance, regarded merely as a special case con- 
forming to a general rule, but a similar result was obtained on 
subjecting the same form of tetramethyl mannitol to the action of 
silver oxide and methyl iodide. In this case also, only the penta- 
substituted derivative was obtained, even after three successive 
methylations in which a large excess of the alkylating mixture was 
employed. As a rule, no difficulty is experienced in obtaining 
fully substituted derivatives of mannitol, and this result, which 
indicates that one of the hydroxyl groups resists alkylation, is not 
only in itself a specially striking case of steric hindrance, but 
caused us some concern. Hitherto, the silver oxide method of 
methylation, when applied to purely aliphatic compounds possessing 
the requisite solubilities, has invariably led to the complete alkyla- 
tion of all the hydroxyl groups present, and this generalisation has 
frequently been made use of in constitutional studies in the sugar 
group (T., 1908, 98, 97, 1430; 1909, 95, 1450). 

It has already been pointed out in previous papers that theo- 
retically there are two types of sugar derivatives: (a) those derived 
from the hydroxy-aldehyde, and (6) compounds possessing the gluco- 
sidic structure, and therefore related to the y-oxidic form of the 
sugar. The methylation process has been used to discriminate 
between these two types, as compounds derived from a straight- 
chain aldehyde ought, on complete alkylation and subsequent 
hydrolysis, to be converted into a pentamethyl aldehyde; on the 
other hand, similar treatment of a substance possessing the gluco- 
sidic structure should give tetramethyl] glucose as the final product. 
These considerations, which are capable of wide application, are 
illustrated below: 


a OH:-CH,:[(CH-OH],-CH:G methylation and hydrolysis 
OMe:CH,-[CH-OMe],-CHO 


II. OH-CH,-CH(OH)-CH-[CH-OH],-CH-0G’ —- 


OMe-CH,*CH(OMe)-CH[CH-OMe],-CH-OH 

Experimental results based on the above schemes have been 
applied to the constitution of sucrose, salicin, glucoseanilide, and 
other compounds, which were thus shown to be true y-oxides, but 
the validity of the conclusions, in view of the behaviour of manni- 
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tol on methylation, is now open to criticism. If, for example, 
glucoseanilide is constituted according to scheme I, then it is con- 
ceivable that methylation might not affect the y-hydroxyl group, 
and thus give rise to the form of tetramethy! glucoseanilide figured 
below : 
III. OMe-CH,*CH(OMe)-CH(OH)-CH(OMe)-CH(OMe)-CH:NPh. 
On hydrolysis, the corresponding y-hydroxy-aldehyde would be 
formed and assume the y-oxidic structure, thus giving the same 
final product which has been shown to result from the alternative 
structural scheme: 
1V. OMe:CH,*CH\OMe)-CH(VH)-CH(OMe)-CH(OMe)‘CHO —> 


O | 
OMe-CH,°CH(OMe)-CH-CH(OMe)-CH(OMe)-CH-OH 
Evidently much of our previous structural work is dependent 
on the capacity of the hydroxyl group to undergo methylation 
when situated in the following position in a six-carbon chain: 
H 


Py f eS 
-0-U-C—C-0-C-, 
, ra ee a 

OH 


There is no inherent property of a y-hydroxyl group which 
renders it resistant to substitution as, in the form of tetramethyl 
mannitol originally under discussion, there can be no doubt that 
a methoxyl group already occupies the y-position. The penta- 
methyl mannitol formed from it must thus be one of two alterna- 
tives: 

V. OMe’CH,*[CH:-OMe}],-CH(OH)°CH,-OMe 

VI. OMe-CH,°[CH-OMe],°-CH,°OH. 

Formula VI is evidently correct as, on oxidation with nitric acid, 
the compound was converted into pentamethyl mannonic acid, and 
this result has enabled us to test the effect of methylation on a 
y-hydroxyl group. Starting from methylmannoside, we have, as 
described in the preceding paper, prepared tetramethyl mannose, 
and, by reduction, Byeé-tetramethyl mannitol : 

OMe-CH,-CH(OMe)-CH(OH)-CH(OMe)-CH(OMe)-CH,-OH. 

Methylation of this compound gave the same form of penta- 
methyl mannitol as was obtained from ydeé-tetramethyl mannitol, 
and oxidation similarly gave the same pentamethyl mannonic acid. 
This result is of special importance, as the structure of the com- 
pound undergoing methylation is essentially the same as that of 
formula III, so far as the position of the secondary alcohol group 


is concerned. 
An additional example was furnished by dimethyl mannitol, 
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which likewise gave the same products on methylation and subse- 
quent oxidation as are referred to above. In this case, four 
hydroxyl groups are available for substitution, and that in the 
y-position is one of the three which react. 

There is therefore no doubt that the hindrance to complete 
alkylation encountered in the case of mannitol is presented by a 
terminal primary hydroxy! group, and there is no reason to modify 
the conclusions previously arrived at in our studies of constitution 
in the sugar group. 

It is important to notice that one of the primary hydroxyl groups 
in mannitol offers no resistance to methylation. Several facts point 
to this conclusion, particularly the ease with which mannitelmono- 
acetone may be converted into tetramethyl mannitolmonoacetone 
without any tendency for the reaction to give rise to a trimethyl 
derivative. This result is significant, as it lends support to our 
view that one terminal hydroxyl group in mannitol has a fixed 
position in proximity to the adjacent hydroxyl group. Our collec- 
tive results thus point to the stereochemical formula for penta- 
methyl mannitol being as represented below: 

OMeH H OMe OMe OH 
beim hdanhon diay, 
OMeOMeH H 

Complete methylation of the molecule would thus involve the 
substitution of three adjacent hydroxyl groups which are situated 
on the same side of the plane containing the aBy-carbon atoms. 
Such a process would naturally present difficulties, but, as the 
same stereochemical conditions are absent in the case of sorbitol, 
this hindrance to methylation is unlikely to be encountered in the 
glucose series. 

The optical rotations of the compounds described in this and 
the preceding paper display a number of interesting relationships. 
As some of the substances are solids, our observations were of 
necessity made on solutions, and were unfortunately restricted to 
one temperature and to light of one wave-length. The results, 
nevertheless, admit of certain generalisations being made, which, 
although only approximate and based on the principle of optical 
superposition, can hardly be regarded as accidental. For conveni- 
ence in description, the alkylated mannitols examined may be re- 
presented as numbered carbon chains, the position of the alkyloxy- 
group being indicated by X. ' 


PET 
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A. B. C. D. 
3 ae yiet-Tetramethyl ASyci-Tetramethyl Pentamethyl 
itol. - 


manni mannitol. mannitol. mannitol. 

(1) G c Cc c 

Ca © é &x bx 

(3) 6 b-x bx bx 

(4) =O ox é Ox 

(5) Ox bx bx x 

(2) Ox b-x bx Ox 
[a], in alcohol —8-8° ~12-5° +-39-8° +9°8° 


Comparing B with D and C with D, it is evident that methyla- 
tion in position 2 results in marked exaltation of the dextrorotation, 
whilst substitution in 4 has a strongly levorotatory effect. Again, 
comparison of A with C and A and B confirms the dextro-effect 
of substituting position 2, and indicates that methylation in 3 also 
increases the dextrorotation by an amount which is nearly equal in 
magnitude to the change in rotatory power due to substitution 
in 4, 

Again, inspection of the rotation of A shows that alkylation in 
position 5 and 6 has a levorotatory effect. This is seen in compar- 
ing the rotation of mannitol with dimethyl mannitol, or that of 
mannonolactone with dimethyl mannonolactone. Previous experi- 
ence has shown that methylation in a terminal group has compara- 
tively little effect on the rotation of an alkylated sugar, and the 
conclusion may thus be drawn that the methyl group present in 
position 5 is chiefly responsible for the levorotation of dimethyl 
mannitol. Moreover, in the sugar group the optical effect of 
methylation is to increase the rotation of the asymmetric system 
into which the alkyl group is directly introduced. It is thus possible 
to ascribe a qualitative value to the optical effect of each of the 
asymmetric systems present in mannitol. As methylation in posi- 
tions 2 and 3 results in a marked exaltation in dextrorotation, and 
the reverse effect can be attributed to 4 and 5, the conclusion may 
be drawn that, in the parent compound, the asymmetric systems 
2 and 3 are dextro, whilst 4 and 5 are levo. This is in agreement 
with the configuration assigned to mannitol as the groups in ques- 
tion are situated on opposite sides of the carbon chain: 

H H OMeOMe 
OMe-CH,-C—C—C—C—CH,-0H 
OMeOMeH H 

Extending this result to y-oxydic derivatives of mannitol, it 

will be seen that methylation of the groups below the plane of 


the ring should decrease the dextrorotation, and the reverse effect 
should attend substitution of the remaining hydroxyl groups. The 
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only compounds of this nature so far available for comparison are 
the lactones of mannonic, dimethyl mannonic, and tetramethyl 
mannonic acids, and, as shown below, the generalisation holds for 
these substances : 
Mannonolactone. Dimethyl mannonolactone. Tetramethyl mannonolactone, 

[a], +53-8° +22-4° +79° 

This conclusion is in agreement with a similar deduction made 
from the rotatory powers of partly methylated glucoses (Brit. 
Assoc. Reports, 1912, 444), and, if of general application, will be 
of service in correlating the position of a substituent in a sugar 
with the specific rotation of the compound. The problem has been 
investigated in this laboratory during the past two years, and will 
form the subject of a later communication. 


EXPERIMENTAL. 


Methylation of Dimethyl Mannitol. Preparation of Pentamethyl 
Maunitol, OH-C,H,(OMe)),. 


This reaction was conducted in the customary manner, the alkyl- 
ated mannitol (1 mol.) being heated for three hours with methyl 
iodide (6 mols.) and silver oxide (3 mols.). The product was 
extracted with ether, and, after the usual treatment, was distilled 
under diminished pressure. The distilled liquid was subjected to a 
second alkylation, in which the same proportions of the methylating 
mixture were used, and was finally fractionated under diminished 
pressure. A few drops, presumably containing hexamethyl manni- 
tol, were collected at 125°/10 mm., after which the boiling point 
rose sharply to 142—144°. This fraction constituted the main 
product, and consisted of pentamethyl mannitol. 

Found: C=52°13; H=9°86; OMe=59°8. 

C,,H,,0O, requires C=52°38; H=9°52; OMe=61'5 per cent. 
NMy=1°4456. Solvent: ethyl alcohol; c=2°548; [a]? +8°92°. 

To ensure that the maximum methylation had been attained, the 
pentamethyl mannitol was realkylated under drastic conditions 
using 6 mols. of silver oxide and 12 mols. of methyl iodide, the 
reaction being continued for sixteen hours. The product boiled 
at 137—139°/8 mm., showed [a], +8°3° for c=2°2395 in ethyl- 
alcoholic solution, and gave n,=1°4417. 

Found: OMe=62'1. 

C,H,(OH)(OMe), requires OMe=61°5 per cent. 

Comparison of the analyses and physical constants determined 
on this compound after two and three alkylations respectively 
clearly indicates that a small quantity of hexamethyl mannitol was 
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being formed, but that the reaction is practically arrested at the 
pentamethyl stage. 

The substitution of ydeétetramethyl mannitol for dimethyl 
mannitol in the above reaction led to exactly the same result, and 
the same form of pentamethyl mannitol was produced. 


Methylation of By<é-Tetramethyl Mannitol. 


This compound was selected for experiment for reasons given in 
the introduction. Two successive alkylations were carried out, in 
each case 2 mols. of silver oxide and 4 mols. of methyl iodide 
being employed; each reaction extended over eight hours. The 
product boiled at 138—140°/12 mm., and gave OMe=59°2 per 
cent., thus indicating that a pentamethyl mannitol had been 
produced. At the same time it was evident that some hexamethyl 
mannitol had been formed, as, on distilling the product described 
above in three fractions, the following results were obtained : 


OMe. 


B. P. Pressure. Percent. m,. [a]” in alcohol. 
Fraction I....... 138—139° 12 mm 63-92 1-4410 +10-7 
- TL,....00¢ 139—141 0 _— 1-4438 +13-1 
o XIL....... 141—142 9» 62-59 1-4468 +6.3 


The whole of the above material was again realkylated, using the 
same proportions of the methylating mixture as before. Careful 
fractionation into two portions gave: 

Fraction I. mp)=1°4421; [a]> in aleohol(c=2°2685) = +11°9°. 

Fraction II. np=1°4439; [ap ,, » (c=2°4865)= +9°8°. 

Evidently any hexamethyl mannitol formed would tend to accum- 
mulate in the fraction of lower boiling point, so that the constants 
of fraction II may be selected for comparison with those of the 
pentamethyl mannitol obtained from the isomeric form of tetra- 
methyl mannitol or from dimethyl mannitol. 


Comparison of Pentamethyl Mannitols. 


zx ik, 
From dimethyl mannitol, 
or from yiei-tetramethyl- From §yei-tetramethyl 


mannitol. mannitol. 
No. of methylations... Two. Three. Two. Three. 
Boiling point ......... 142-144°/12 137-139°/8 139-141°/12 143-1457/14 mm. 
[a}?” in alcohol ......... +8-9° +8-3° +13-1° +9-8° 
WP csasdsunssepinasbacssess 1-4456 1-4417 1-4438 1-4431 


Although the rotations do not coincide exactly, the conclusion 
is drawn that the compounds are identical, as the presence of 
minute traces of tetramethyl mannitol would readily vitiate the 
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rotatory values. This possibility is present in both sets of experi- 
ments, and, as the methylated mannitols used showed opposite 
activities, would raise the dextrorotation of series II, and depress 
that of series I. 


Ethylation of yieé-Tetramethyl Mannitol. 


No detailed description of this preparation need be given, as it 
resembled the other alkylations now described. After one ethyla- 
tion, in which 4 mols. of ethyl iodide and the corresponding amount 
of silver oxide were used, the product boiled at 142—150°/9 mm., 
and analysis showed that the process was incomplete, but had been 
unaccompanied by oxidation. On repeating the ethylation a second 
time, a colourless, mobile liquid was obtained (b. p. 140—142°/ 
8 mm.), which was shown by analysis to be tetramethylmonoethyl 
mannitol. This was subjected to a third ethylation, the boiling 
point of the product being the same as that recorded above, and 
the analytical figures confirmed the idea that no further alkylation 
could be effected. 

Found: C=53°84; H=9°68; OR=64°3. 

C1.H_g0, requires C=54°14; H=9'77; OR=63°5 per cent. 
OR=OMe + OEt. 

Tetramethylethyl mannitol, OEt*C;,H,O(OMe),, is a colourless, 
highly refractive liquid, readily soluble in water and organic 
solvents. It is dextrorotatory in alcoholic solution ([a]? +8°9° for 
ce=2°548), and shows n=1°4440. 


Ethylation of Dimethyl Mannitol. 


This reaction was conducted in the usual manner, no fewer than 
four successive treatments with the alkylating mixture being given. 
The indefinite boiling point of the product indicated, however, 
that several compounds were present, and, even after prolonged 
fractionation, analysis of the purest specimen gave figures corre- 
sponding with a mixture of 80 per cent. of dimethyltriethyl manni- 
tol with 20 per cent. of dimethyldiethyl mannitol. As the material 
at our disposal at this stage wa3 less than 3 grams, the reaction 
was of necessity abandoned, but the result shows that the prepara- 
tion of a hexa-substituted mannitol by this method of ethylation is 
quite impossible. 


Oxidation of Peniamethyl Mannitol. 


A 12 per cent. solution of pentamethyl mannitol, prepared from 
ydeé--tetramethyl mannitol, in nitric acid (D 1°:184) was heated at 
75° until the dextrorotation, which at first increased, began to 
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diminish from the maximum value. This operation lasted one 
hundred and sixty-five minutes, and the subsequent treatment was 
as already described in the preceding paper for the isolation of 
dimethyl or tetramethyl mannonic acid. The final product was a 
colourless, acid syrup, soluble in water, alcohol, or ether, which 
was purified by fractionation in a high vacuum (b. p. 
110°/0°18 mm.). 

Found: C=50°21; H=8°61. 

C,,H,,0, requires C=49°62 ; H=8-27 per cent. 
0°1253 gram required 0°0231 gram of sodium hydroxide. 
C,,H..0, requires 0°0204 gram of sodium hydroxide. 
My =1°4409; [a]? in ethyl alcohol +13°3°. 

The same form of pentamethyl mannonic acid was produced on 
subjecting the pentamethyl mannitol obtained from Byeé-tetra- 
methyl mannitol to oxidation, and, in this case also, although the 
boiling point and optical constants were in good agreement with 
those quoted above, the carbon values obtained on combustion 
showed a tendency to be too high. This is doubtless to be 
attributed to the difficulty of fractionating the small quantities of 
material which work of this nature of necessity involves. 


The expenses of this, and the preceding investigation, have been 
partly defrayed by research grants received during the past three 
years from the Carnegie Trust, and the authors desire to express 
their indebtedness for this assistance. 
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LXXXVIIIl—The Constitution of Carbamides. Part I. 
The Preparation of isoCarbamides by the Action 
of Methyl Sulphate on Carbamides. 


By Emit ALPHONSE WERNER. 


HitTHERTO, carbamide, in contrast to its sulphur analogue, has not 
been found to yield by any direct reaction derivatives of the so- 
called iso- or w-carbamides; thus, whilst thiocarbamide and the 
alkyl haloids interact readily to form compounds of the type 
HN:C(SR):NH,, the corresponding oxygen derivatives have, so 
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far, been obtained from the direct union of cyanamides and alcohols. 
The simplest member of the group, methylisocarbamide, 
HN-:C(0°CH3;):NH,, 

was originally prepared by Stieglitz and McKee (Ber., 1900, 33, 
1518) from the union of cyanamide and methyl alcohol in the 
presence of hydrogen chloride; several derivatives of the types 
HN:C(OR)-NH,, RN:C(OR)-NH,, and RN:C(OR)-NHR have since 
been obtained by analogous reactions, sodium ethoxide being used 
in some cases to bring about the changes (Stieglitz and Noble, 
Ber., 1905, 38, 2243; Bruce, J. Amer. Chem. Soc., 1904, 26, 419, 
449). 

It has recently been suggested by the author (T., 1913, 108, 
2281) that carbamide, during its decomposition by heat, probably 
does assume the isocarbamide configuration ; in the hope of obtain- 
ing direct evidence on this point the experiments described below 
were carried out, and the results have furnished strong support in 
favour of the author’s views on the constitution of carbamide and 
its immediate derivatives. 

It is now shown that methylisocarbamide and its N-alkyl deriv- 
atives of the different types may be readily obtained by the direct 
action of methyl sulphate on carbamide and its alkyl substituted 
derivatives; the change which takes place may be represented by 
the general equation : 

+ (CH,),80, = ENOCH 

Methylisocarbamide methyl hydrogen sulphate, 

HN-C(0-CH;)-NH,,CH;*HSO,, 
is formed from carbamide and methyl sulphate at 112°; if the 
reaction is allowed to become violent (see experimental part), the 
isocarbamide salt is decomposed, with the production of methyl- 
ammonium hydrogen sulphate, methylammonium methyl sulphate, 
cyanuric acid, and V-methylcyanuric acid. Whilst the main change 
may be represented by the equation: 


CH,'NH,CH,-HS0, 


«ao NH,,CH,HSO, = 
HN-OSG.0H, HN:CO 
ms (Portion polymerising to H,C,N;0,). 


the formation, in relatively large quantity, of N-methylcyanuric 
acid must originate either from the production of methyl cyanate, 
which condenses with cyanic acid, thus: 


NH,,.CH,*HSO 
ome. Ty 
3 OH,-OON —> CH,-NCO. 


<i SN a a Tebfitaribaus 2 
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or an interchange in position may occur between the methyl group 
and the imide hydrogen atom of the isocarbamide salt, which then 
decomposes, with the direct formation of methyl cyanate (keto- 
form) and ammonium methyl sulphate. Since no ammonium salt 
could be detected, the latter must undergo isomeric change* into 
the more stable methylammonium hydrogen sulphate. 

The yield of methylamine in the above decomposition was so 
satisfactory, that the method may be recommended for the rapid 
preparation of the amine on a small scale; two-thirds of the total 
methyl content of the ester can be obtained as methylamine. 

Methylethylisocarbamide methyl hydrogen sulphate, 

C,H,;-N:C(OMe)-N H,,CH,°HSO,, 
and phenylmethylisocarbamide methyl hydrogen sulphate, 
C,H,;°N:C(OMe)-NH,,CH,*HSO,, 
prepared from ethylcarbamide and phenylearbamide respectively, 
did not yield a trace of either cyanuric acid or its V-methyl deriv- 
ative when decomposed by heat, thus proving the absence of the 


group HN:C-0-CH, in the products from these two carbamides. 
The production of methylaniline from the phenyl derivative 
indicates a migration of the methyl group from oxygen to nitrogen, 
as already suggested in the case of methylisocarbamide itself. The 
tsocarbamide salts prepared from as-dipropylcarbamide and from 
piperidine-l-carboxylamide (C;H,,N°CO-NH,, usually, although in- 
correctly, called piperidylearbamide) both yielded cyanuric acid and 
its N-methyl derivative when decomposed by heat, from which it 
follows that these compounds must have the constitution 

HN-C(OMe)-N(C;H,),,CH,*HSO, 
and 

HN:C(OMe):NC;H,,,CH,*HSO, 
respectively. The action of methyl sulphate on several other 
carbamides has been examined qualitatively, and in every case 
evidence was obtained of the formation of an isocarbamide. The 
experimental results just described have supplied sufficient material 
to discuss their theoretical bearing on the main problem under 
consideration. 


Theoretical Discussion of the Results. 


The view that the carbamide molecule may possibly assume a 
tautomeric form corresponding with the isocarbamide structure 
HN-C(OH)-NH, has hitherto been considered little more than a 
theoretical speculation, based, perhaps, mainly on the analogy of 


* This change has been confirmed with a specimen of ammonium methy] sulphate 
which, after heating to fusion for a short time, gave methylamine in quantity on 
boiling with sodium hydroxide solution. 
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the compound to thiocarbamide. The theory that carbamide when 
heated must, in addition to dissociation, be capable of assuming 
the isocarbamide configuration, has already been suggested by the 
author (loc cit.) in explaining the mechanism of the formation of 
biuret; * this theory has now been brought within the domain of 
experimental fact, since carbamide and the substituted derivatives 
examined must have assumed the isocarbamide structure in their 
reactions with methyl sulphate. The constitutions of the iso- 
carbamides obtained from the two monosubstituted carbamides 


prove that the latter assume the configuration RN:C<) 2, and not 


HN: C<on NHR fact which supports the cyclic formula 


N 
RN:C d Hs ; 
now suggested by the author for the constitution of such carbamides 
in the static condition. If the change in structure is considered to 
be derived from a carbamide having the constitution RHN-CO-NH,, 
there appears no a priori reason why the configuration 


‘ vH 
RN:0<op7? 
should be assumed rather than RHN-C<H , particularly when 


the carbamides examined, R’,N-CO-NH, and R’”N-CO-NH,, which 
can san — in one direction, assume the configurations 


R’,N° och and RIN-C<AH , just as easily as the monosubsti- 


tuted derivatives. 

So far, only one form of monosubstituted carbamides are known 
in which the radicle is in direct union with nitrogen; to this fact 
is to be ascribed one of the chief reasons for the general use of the 
otherwise unsatisfactory “diamide”’ formula to explain the constitu- 
tion of carbamide. That such isomerides have not hitherto been 
obtained would appear to be a serious objection to the acceptance 


of either the formula HN:C<On 2 or the cyclic formula 


HN:0<}" 
proposed by the author (Joc. cit.). 


A consideration of the mechanism which, according to the 
author’s theory (T., 1913, 103, 1010), underlies the isomeric trans- 


* An interesting confirmation of this view is supplied by some results obtained by 
Brace (Joc. cit.), who has shown that methylisocarbamide cyanate readily undergoes 
transformation into a methylbiuret, a fact of which the present author was not 
aware when the suggestion referred to above was made. 
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formation of ammonium and all amine cyanates into carbamides, 
shows that the above objection is more apparent than real. It 
may be taken as a fundamental principle that when two (or more) 
groups of atoms unite to form a more or less complex molecule, the 
tendency will be ultimately to produce that configuration which 
represents the most stable state of equilibrium. If this principle 
be applied to the isomeric transformation of an amine cyanate, the 
mechanism of the change will be as follows: when ethylamine and 
cyanic acid (HO-CN) unite at a low temperature, a very unstable 
salt is formed, which has the constitution C,H,-NH,-OCN. The 
first step which marks its transformation into ethylcarbamide is 
dissociation, and since this is a change towards the attainment of 
more stable equilibrium, the products of dissociation will be 
ammonia and ethyl cyanate (which changes at once to the stable 
form C,H,*NCO) rather than ethylamine (less stable than ammonia) 
and the very unstable cyanic acid. Ethylearbamide then results 
from the union of ammonia and the cyanic ester (keto-form), and 


will therefore have the constitution OH yc} in the static 
condition, and capable of readily changing to the isocarbamide con- 
figuration CHy Niche 2, The decomposition of ethylcarbamide 


by heat, with the production of ammonia and diethyl cyanurate, 
and only a trace of ethylamine (Wiirtz, Rep. Chim. Pure, 1862, 
199; Leuckart, J. pr. Chem., 1880, [ii], 21, 1), is in perfect agree- 
ment with this structure. 


EXPERIMENTAL. 


The general plan adopted in all the experiments was as follows: 
A mixture in equal molecular proportions of methyl sulphate, and 
the particular carbamide in fine powder, was gradually heated in a 
wide-mouthed test-tube (12 cm. long by 3 cm. wide) immersed in a 
bath of glycerol to such an extent that the surface of the mixture 
was just level with the glycerol outside. The mixture was occasion- 
ally stirred with a thermometer held in the tube by means of a 
loosely fitting cork. The heating was maintained at such a rate 
that the thermometer did not show an average rise of more than 
about 4—5° per minute; by this means the first reaction, that is, 
the formation of an isocarbamide, was not liable to be overstepped. 


I. Carbamide and Methyl Sulphate. 


A mixture of carbamide (6 grams) and methyl sulphate (12°6 
grams) was heated as described above. At 80° the carbamide 
melted rapidly, but did not mix with the ester; at 112° the liquids 


3P2 
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became suddenly miscible, and the temperature rose rapidly to 
about 170°, when the tube containing the reaction product was 
quickly removed from the source of heat and cooled under a stream 
of cold water. The viscous product was soluble in water or alcohol 
in all proportions. The aqueous solution gave an immediate pre- 
cipitate with picric acid; this was purified by crystallisation from 
a solution in hot water, from which it separated in thin, glistening 
yellow needles, melting and decomposing at 184°: 

0°15 gave 28°2 c.c. N, at 9° and 770 mm. N=22°92. 

C,H,ON,,C,H,0,N requires N =23°10 per cent. 

A platinichloride separated in small, orange-red cubes on adding 

chloroplatinic acid to the aqueous solution of the reaction product: 


0°165 * gave 0°0576 Pt. Pt=34°90. 
(C,H,ON,).,H,PtCl, requires Pt =34°94 per cent. 

A specimen of methylisocarbamide prepared from the interaction 
of cyanamide and methyl alcohol according to the method of 
Stieglitz and McKee (Joc. cit.) gave a crystalline picrate which 
melted and decomposed at the same temperature as that mentioned 
above. 

In order to realise the production of the isocarbamide only, it 
was necessary to check the rise in temperature, and this could only 
be done with certainty when the amounts of carbamide and methyl 
sulphate used were not greater than those specified above. If the 
source of heat was maintained while the first change was in progress 
a violent reaction occurred, quickly followed with considerable rise 
of temperature (to about 220°), and the isocarbamide salt was 
decomposed. 


Examination of the Products of Decomposition of Methyliso- 
carbamide Methyl Hydrogen Sulphate. 


The united product from three experiments, in which the reaction 
was allowed to become violent, was dissolved in 60 c.c. of boiling 
water; the presence of cyanuric acid in the crystalline material 
which separated on cooling was readily proved by the preparation 
of the characteristic violet-red copper salt. The accompanying acid, 
which constituted the chief product, was easily purified and freed 
from cyanuric acid by two crystallisations from hot water, in which 
it is much more freely soluble: 

0°1888 * gave 46°7 c.c. N. at 9° and 758 mm. N=29°68. 

C,H;O,N, requires N = 29°37 per cent. 

0°2554* required for neutralisation 17°9 cc. W/10-NaOH 

(phenolphthalein as indicator). 


* Diied at 110°. 
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Assuming the compound to behave like cyanuric acid, as a meno- 

basic acid, this result gives M.W.=143°05. 
C,H;O,N, requires M.W.=143. 

0°5 Gram, when heated in a sealed tube with concentrated hydro- 
chloric acid to 100°, remained unchanged; at 170°, after four 
hours it was almost completely hydrolysed, with the production of 
carbon dioxide, ammonia, and methylamine, thus proving the acid 
to be an N-methyl derivative. It crystallises from water in thin, 
semi-transparent, rhomboidal prisms, which have the composition 
CH;°H,C,;N,03,2H,0O : 

0°1904 * lost 0°0378 at 110°. H,O=19°85. 

C,H;0O,N;,2H,O requires H,O=20°11 per cent. 

A characteristic reaction of the acid is the production of a very 
gelatinous precipitate on addition of ammoniacal silver nitrate 
solution. The aqueous solution, from which the mixture of acids 
had separated, was distilled with excess of sodium hydroxide solu- 
tion; the evolved gas was absorbed in an excess of hydrochloric 
acid ; on evaporation of the latter to dryness, methylamine hydro- 
chloride was obtained in considerable quantity. The presence of 
some dimethylamine hydrochloride was indicated by the analysis of 
the products when fractionally crystallised from alcohol, but no 
ammonium chloride could be detected. 


II. Ethylcarbamide and Methyl Sulphate. 


A mixture of ethylcarbamide (m. p. 92°; 4°4 grams) and methyl 
sulphate (6°3 grams) was gradually heated; at about 70° the 
carbamide dissolved rapidly in the ester; at 80° there was a brisk 
evolution of gas, and the temperature rose quickly to 120°; the 
product was at once removed from the source of heat and rapidly 
cooled. 

The colourless and odourless viscous liquid obtained was readily 
and completely soluble in water; the solution gave no precipitate 
on the addition of barium chloride. 

A picrate prepared from the solution was obtained in thin, 
glistening, deep yellow needles, melting at 147°: 

0°1802 gave 32°2 c.c. N. at 16° and 759 mm. N=20°94. 

C,H,,ON,,C,H,0,N; requires N=21°14 per cent. 

A platinichloride was prepared in the form of stout, tetragonal, 
deep orange-red, anhydrous prisms, melting at 142°: 

0°31 gave 0°098 Pt. Pt=31°61. 

(C,H,,ON,).,H,PtCl, requires Pt=31°75 per cent, 


* Air-dried, 
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Examination of the Products of Decomposition of Methylethyliso- 
carbamide Methyl Hydrogen Sulphate. 


At 170° the isocarbamide salt decomposed, with sudden evolution 
of much pungent vapour of methyl cyanate (keto-form), and the 
temperature rose rapidly to 220°; there was no very violent reaction 
as in the case of ordinary carbamide. The viscous product was 
readily dissolved in a small quantity of warm water, from which 
solution not a trace of either cyanuric acid or its V-methyl deriv- 
ative could be obtained. 

The solution was boiled in an excess of sodium hydroxide, and 
the evolved gases were absorbed in hydrochloric acid; on evapora- 
tion of the latter, a crystalline residue of amine hydrochloride was 
obtained, which was very deliquescent: 


0°0968 required 11°3 c.c. V/10-AgNO,. Cl=41°44. 
C,H,N,HCl requires Cl=43°55 per cent. 


The low result obtained was probably due to the presence of some 
methylethylammonium chloride, as the portion analysed was 
previously heated to 120° for more than an hour to expel all 
moisture. 


III. Phenylcarbamide and Methyl Sulphate. 


A mixture of phenylcarbamide (6°8 grams) and methyl sulphate 
(6°3 grams) was gradually heated; at 85° the carbamide melted 
and dissolved in the ester, whilst the temperature rose rapidly to 
110°. The product was an almost colourless and odourless viscous 
liquid, which dissolved completely in water; the solution gave no 
precipitate on addition of barium chloride. 

A platinichloride was prepared from the solution; it separated 
in clusters of fine, orange-red, elongated prisms, which decomposed 
at 180° without melting: 


0°2054* gave 0°056 Pt. Pt=27°26. 
(CsH,,ON,)2,H,PtCl, requires Pt=27°46 per cent. 


A picrate was obtained in microscopic, yellow needles, melting at 
162°, but was not analysed. 

The free base, phenylmethylisocarbamide, was precipitated from 
the solution of the reaction product by sodium hydroxide as a 
viscous oil. 


* Dried at 110°. 
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Examination of the Products of Decomposition of Phenylmethyliso- 
carbamide Methyl Hydrogen Sulphate. 


The tsocarbamide salt decomposed at 175°, a gas being evolved, 
having the pungent odour of phenyl cyanate (keto-form), and the 
temperature rose rapidly to 205°. 

A clear, glass-like solid of a pale garnet-red colour was formed, 
which was completely soluble in a small quantity of warm water. 
No trace of cyanuric acid or its methyl derivative could be detected. 
The solution on distillation with sodium hydroxide gave some 
aniline, but chiefly methylamine and methylaniline, the latter being 
identified by the preparation of the nitroso-derivative. 


IV. Piperidine-\-carborylamide and Methyl Sulphate. 


A mixture of piperidine-l-carboxylamide (6°4 grams) and methyl 
sulphate (6°3 grams) was heated gradually; at 55° the carbamide 
melted ; at 65° it dissolved rapidly in the ester, and the temperature 
rose to 115° without any visible change in the liquid; after a few 
moments the temperature commenced to fall. The clear, viscous 
product was readily soluble in water, and the solution gave no pre- 
cipitate with barium chloride. 

A platinichloride was prepared from the solution; it separated in 
stout, orange-red prisms, which melted at 144°: 


0°348 gave 0°0982 Pt. Pt=28°21. 

(C,H,,ON,)2,H,PtCl, requires Pt=28°09 per cent. 

A picrate, melting at 158°, was prepared, but not analysed. 

The free base was obtained in the usual manner as a clear, nearly 
colourless oil, which did not solidify at —10°. 

The action of heat on piperidyliminomethyl methyl ether methyl 
hydrogen sulphate, HN:C(O-CH;):NC;H,),CH,*HSO,, showed this 
salt to be much more stable than those already examined. At 
about 130° the evolution of the vapour of methyl cyanate (keto- 
form) commenced, and the temperature was raised to 210° without 
any evidence of sudden decomposition ; a quiet evolution of gas was 
noticeable throughout the process, whilst the liquid became dark 
brown. The product, when treated with water, gave a micro- 
crystalline precipitate, which was proved, by the tests already re- 
ferred to, to be a mixture of cyanuric acid and its N-methyl deriv- 
ative. The basic products formed were not examined so far. 


Note on Piperidine-1-carborylamide. 


When preparing this substance by the interaction of potassium 
cyanate and piperidine sulphate, it was found advisable to heat the 
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crude product to about 130°, to ensure complete isomeric trans- 
formation of the piperidine cyanate. The substance was best 
purified by crystallisation from chloroform, from which solvent it 
separated in large, transparent, oblong, rectangular prisms con- 
taining one molecule of chloroform of crystallisation; the crystals 
are quite stable when kept in a closed vessel. For analysis the 
crystals were quickly drained and pressed between bibulous paper, 
and then heated for one hour at 90°: 


0°574 lost 0°274 CHCl, =47°72. 
C,H,,ON,,CHCl, requires CHCl,= 48°28 per cent. 


V. as-Dipropylcarbamide and Methyl Sulphate. 


A mixture of as-dipropylcarbamide (7'2 grams) and methyl 
sulphate (6°3 grams) was heated gradually ; the carbamide dissolved 
rapidly in the ester; at 80° gas was slowly evolved, and there was 
a slight rise in temperature. As the chief object was to examine 
the decomposition products of the isocarbamide salt formed, the 
heating was continued ; at 140° there was sudden evolution of the 
vapour of methyl cyanate (keto-form), and the temperature rose 
very rapidly to 270°. The viscous residue obtained after cooling 
was dissolved in a small quantity of hot water, and after a short 
time a crystalline precipitate separated, which consisted of a mixture 
of cyanuric acid and its V-methyl derivative, as proved by the tests 
already mentioned. 

A portion of the product obtained at 80° was used for the pre- 
paration of a platinichloride, which crystallised in deep orange-red, 
quadratic prisms: 

0°144 gave 0°0379 Pt. Pt=26°32. 

(C,H,,ON,).,H,PtCl, requires Pt = 26°85 per cent. 

The basic products of the decomposition of the isocarbamide 
methyl hydrogen sulphate have not. yet been examined, for want of 
material. 


UNIVERSITY CHEMICAL LABORATORY, 
TRINITY CoLLEGE, DuBLIN. 
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LXXXIX.—Condensations of Cyanohydrins. Part II. 
The Condensation of Chloralcyanohydrin with 
Chloral Hydrate and with Bromal Hydrate. 


By Horace Lestiz CrowTHEr (Priestley Research Scholar of the 
University of Birmingham), Hamitton McCompiz, and THomas 


Haroitp Reape. 


In 1874 Wallach (Annalen, 1874, 173, 297) showed that by the 
action of potassium cyanide on chloral there was produced, not 
only the normal cyanohydrin, which melts at 61°, but also a colour- 
less solid, which melts at 123°. This substance was produced by 
the action of potassium cyanide on chloral hydrate in either benzene 
or water, the chloral hydrate being present in excess of that re- 
quired for the production of the normal cyanohydrin. Wallach 
found that this second compound was insoluble in water (whilst the 
normal cyanohydrin is readily soluble), and that it was unchanged 
after treatment with boiling water. By dry distillation of the 
substance, chloral and chloralide (I) were obtained. Strong acids 
decomposed the compound completely, and steam distillation had 
CCl CH< OP? >CH-CCl,, 
(I.) 

the same effect. When the substance was heated with sodium 
hydroxide, chloroform and ammonia were produced. The mean of 
the analytical figures obtained for the substance was in fair agree- 
ment with the formula C,H;O,NCl,, although the discrepancies 
between the individual analyses were quite considerable. 

Cech (Ber., 1876, 9, 1020) criticised these analytical results, show- 
ing that either of the formule C,H;O,NCl, or C,H,O,;NCl, would 
agree equally well with Wallach’s figures; and, finally, as the result 
of his own analyses, Cech adopted the second formula, and gave 
the compound the name trichloralcyanohydrin, (CCl,-CHO),HCN. 
Beyond the work of these two investigators, no attempts seem to 
have been made to elucidate the constitution of this compound. 
Its further investigation was undertaken because it was considered 
not unlikely that its constitution might be somewhat similar to 
those of the dehydration products of anisaldehydecyanohydrin and 
cinnamaldehydecyanohydrin, described by McCombie and Parry 
in Part I of this series (T., 1909, 95, 584), 

It was evident from the researches of Wallach that the com- 
pound was not a true cyanohydrin, for it was unchanged by boil- 
ing with water, and did not yield the corresponding amide or acid 
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under any known conditions. Hence the presence of a cyanogen 
group in the molecule was scarcely conceivable, and all formule 
containing such a group were rejected. For similar reasons, all 
formule representing the substance as an amide had to be 
abandoned. 

By the action of strong mineral acids on this compound, complete 
decomposition took place (Wallach, loc. cit.), the products being, 
presumably, chloral and the ammonium salt of the mineral acid. 
It was found, however, that, if the compound was boiled vigorously 
for ten minutes with a mixture of concentrated kydrochloric acid 
and glacial acetic acid, and the solution then cooled in ice, chloral 
hydrate and chloralide (I) were obtained. Thus the compound 
must be related to chloralide in some simple way, and this con- 
clusion finds further support in Wallach’s observation that chloral 
and chloralide are produced on distillation. 

Whereas this method of degradation showed that the chlorine 
atoms were still present in the form of three trichloromethyl groups 
(CCl), and also accounted for all three oxygen atoms of the com- 
pound, it threw no light on the state of combination of the nitrogen 
atom. Some information on this point was obtained from the acyl 
derivatives of the compound. It became a matter of great import- 
ance to determine whether the acyl group was attached to an 
oxygen atom or to a nitrogen atom. Sodium carbonate in the 
presence of water and alcohol had no action on these acyl deriv- 
atives, and hydrolysis in the presence of mineral acids did not 
result in the elimination of the acyl group. The conclusion that 
the acyl group has displaced a hydrogen atom attached to the 
nitrogen atom is therefore unquestionable. Moreover, only one 
atom of hydrogen in the molecule is capable of being displaced by 
acyl groups, all attempts to prepare polyacyl derivatives, even when 
a large excess of the reagent was employed, resulting in the forma- 
tion of the monoacy! derivative alone. 

All these experimental facts connected with this compound can 
find complete expression only by a heterocyclic ring formula, in 
which the nitrogen atom and two of the oxygen atoms are present 
as members of the ring, the three trichloromethyl groups forming 
side-chains attached to three of the carbon atoms in the ring. 
Further, since in chloralide one oxygen atom is united to an atom 
of carbon to form a carbonyl! group, and the other two oxygen atoms 
form part of the ring, it seems reasonable to adopt a similar dis- 
position of the oxygen atoms in the compound C,H,O,;NClh. 
Theoretically, the following three formule become possible as com- 
plying with these conditions: 
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CCl,-CH-CO-NH CO-CH(COl,):NH 
I 1 
O o 
I 
OCI, CH-O—CH-CCl, CCl,-CH-——O——CH-CCI, 
(II.) (III.) 
0——CO—NH 
| 
CCl, CH 
i 
0-CH(CCI,)-CH-CCl, 
(IV.) 


These three formule all explain the formation of monoacyl deriv- 
atives, and also the production of chloralide, although formula II 
explains that reaction better than either III or IV. 

If the compound were represented by formula III, then it 
would be a secondary amine; but all attempts to obtain a nitroso- 
amine failed, and all efforts to prepare salts of the substance with 
acids resulted in decomposition and the formation of the ammonium 
salts of the acids employed. These reactions led to the rejection of 
formula ITI. 

Formula IV is rejected also, because it seems impossible to ex- 
plain the formation of such a compound by the action of potassium 
cyanide on chloral hydrate. The authors are led, therefore, to the 
adoption of II as the formula of the compound produced when 
potassium cyanide acts on excess of chloral hydrate. With regard 
to the name of this compound, it has been decided to call the parent 


CH,:CH,-NH ; 
substance, 10 , 1:3: 5-dioxazseptan. 

2 CH,—O—CH, 4 
The seven-membered heterocyclic ring in this case is indicated by 
the word “septan,” since heptane is reserved for those seven- 
membered rings in which there are seven carbon atoms. If this 
nomenclature be employed, compound II would be called 6-keto- 
2: 4: 7-tri-(trichloromethyl)-1 : 3: 5-dioxazseptan. 

The reaction between potassium cyanide and excess of chloral 
hydrate is explained as follows: normal chloralcyanohydrin is 
formed first; this then condenses with two molecules of chloral 
hydrate to give rise to the dioxazseptan derivative. The momentary 
formation of trichlorolactamide, NH.*CO-CH(CCI,)-OH, is assumed 
as an intermediate step, but it may be that this intermediate com- 
pound is not produced, but that the cyanohydrin condenses 
immediately with two molecules of chloral hydrate to form the 
cyclic compound II. A good example of a similar condensation is 
furnished by the formation of chloralbenzamide, 

CCl,-CH(OH)-NH-COPh, 
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by the action of hydrogen chloride on a mixture of chloral hydrate 
and benzonitrile (Pinner and Klein, Ber., 1878, 11, 10). In 
favour of this explanation of the reaction between potassium 
cyanide and chloral hydrate is the experimental fact that chloral- 
cyanohydrin in the presence of excess of chloral hydrate and 
potassium hydroxide gave a 50 per cent. yield of the crude dioxaz- 
septan compound. This method of preparation has also been ex- 
tended to the condensation of chloralcyanohydrin (1 mol.) with 
bromal hydrate (2 mols.), resulting in the formation of 6-keto-7- 
trichloromethyl-2 : 4-di-(tribromomethyl)-1: 3: 5-dioxazseptan (V). 
By hydrolysing this compound with acid, there resulted the tri- 
bromoethylidene ester of trichlorolactic acid (VI). From this it 

CCl,-CH:CO-NH 

0 CCl CH<CO2 SCH-CBr, 
CBr,-CH--O—CH:CBr, 
(V.) (VI.) 

follows that the carbon atom of the cyanogen group has remained 
attached to the chloral residue. 

It is interesting to notice that no condensation product could be 
obtained from normal bromalcyanohydrin and excess of chloral 
hydrate in the presence of potassium hydroxide. Further, bromal 
hydrate, when treated with potassium cyanide, even when the 
bromal hydrate was in considerable excess, gave only the normal 
cyanohydrin. 

The formulation of the product produced by the action of 
potassium cyanide on chloral hydrate as 6-keto-2: 4: 7-tri-(trichloro- 
methyl)-1: 3: 5-dioxazseptan received further support when the 
benzoyl derivative was subjected to the hydrolysing action of hydro- 
chloric acid in alcoholic or acetic acid solution. The parent sub- 
stance, by this reaction, yields chloralide and chloral hydrate, but 
the compound is rendered much more stable when the hydrogen 
atom attached to the nitrogen is replaced by the benzoyl group, 
yielding VII. When this compound is hydrolysed by hydrochloric 


7 
CCI,CH-CO-NBz 
- OCI, CH-CO-NBz-CH-COl, 
; I 
CCl, CH-O—CH-COl, " oa 
2 3 4 
(VII.) (VIIL.) 


acid, the change which takes place can be represented by the 
following equation : 
C,H,0,;NCl,°CO-C,H; + 2H,O = CCl,-CH(OH), + 
C;H,O,NCl,°CO-C,H,. 
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One molecule of chloral hydrate was removed from the molecule, 
and the benzoyl group remains in the portion which contains the 
other six chlorine atoms. The union between carbon atoms 6 and 7 
seems to be a very stable one, and, taking this into consideration, on 
examining formula VII it is seen that there are two ways in which 
a chloral residue may be eliminated from the compound, namely, 
by removing the chloral residue which contains carbon atom 2 or 
carbon atom 4. In the former case there should result a com- 
pound (VIII) in which there are two hydroxyl groups; in the 
latter case there would be produced a compound (IX) in which 
there is only one hydroxyl group. The compound which was 
actually produced by the hydrolysis was found to be unstable, 
and the analytical figures obtained from it were inconsistent, 


OCI, CH-0-CH(CCl,)-CO-NHBz 
OH 


(IX.) 


but if the substance was converted into an acetyl or a 
benzoyl derivative stable compounds were obtained, which were 
found to be monoacyl derivatives. Further, all attempts to pre- 
pare diacetyl or dibenzoyl derivatives failed. From this it follows 
that the product of hydrolysis of the benzoyl derivative of 6-keto- 
2:4: 7-tri-(trichloromethyl)-1: 3: 5-dioxazseptan is B-trichloro-a-(A’- 
trichloro-a/-hydroxyethoxy)-propionobenzamide (IX). On_ treat- 
ment with sodium carbonate or sodium hydroxide this compound 
dissolves, and, on acidification, a substance is precipitated, the 
analysis of which corresponds with the formula C;H,O,NCl;. The 
action of sodium hydroxide can be represented by the following 
equation : 
C;H,O,N-CO-C,H, + 3NaOH = C,H;"CO.Na + 
NaCl +3H,0 + C;HO,NCI1,Na. 

The net result of this action is the removal of the benzoyl group 
and the elimination of the elements of hydrogen chloride and of 
water. The resulting compound, C;H,O,NCI;, is stable towards 
bromine or permanganate; hence there is no double bond present 
in the molecule. On examining formula IX to see how hydrogen 
chloride could be eliminated so that a saturated derivative results, 
it is seen that there are present two CCl,groups from which 
chlorine could be eliminated in the form of hydrogen chloride, and, 
in order to determine which of these groups lost a chlorine atom, 
recourse was had to the condensation product of chloralcyano- 
hydrin with bromal hydrate (V). This compound was converted - 
into the benzoyl derivative, the latter was hydrolysed with hydro- 
chloric acid, and the product was treated immediately with sodium 
carbonate; the resulting compound, on analysis, was found to have 
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the formula C,H,O,NCI,Brz, that is, hydrogen chloride, and not 
hydrogen bromide, had been eliminated. From this result, by 
analogy, it follows that from compound IX chlorine has been 
eliminated from the CCl,-group, which is attached to the carbon 
atom adjacent to the CO-group; in other words, the compound 
resulting must have the constitution X, namely, 4: 4-dichloro-3: 5- 
oxido-5-trichloromethyl1-2-pyrrolidone, 


CH CH 
ag i “oo ae Noo 
OC Col, | OC CCl, | 

| NH | /NH 

a SE? 

C C 

| | 

CCl, CBr, 

(X.) (XI.) 


and the analogous compound prepared from the bromal derivative 
must have the formula XI. Both these compounds (X and XI) 
are easily dissolved by alkalis, and this ready solubility must be 
ascribed to the presence in the molecules of an NH-group between 
a CO-group and a carbon atom to which are attached strongly 
electronegative groups. 

A further interesting reaction of 6-keto-5-benzoyl-2: 4: 7-tri- 
(trichloromethyl)-1: 3: 5-dioxazseptan is the effect of dilute 
alcoholic potassium hydroxide on it. Under these conditions it was 
found to lose one molecule of hydrogen chloride very readily, giving 
rise to a stable, saturated compound melting at approximately the 
same temperature. Since, theoretically, chlorine in the form of 
hydrogen chloride could be eliminated from any one of the three 
trichloromethyl groups, the action of potassium hydroxide on the 
condensation product of chloraleyanohydrin and bromal hydrate 
(VII) was investigated. Under the same conditions, a similar com- 
pound was obtained, the analysis of which proved it to have the 
empirical formula C,,H,O,NCI,Br,, that is, hydrogen chloride, and 
not hydrogen bromide, had been eliminated. From this it follows 
by analogy that the chlorine in both cases must have been 
eliminated from the trichloromethyl group adjacent to the 
CO-group. 

EXPERIMENTAL. 


6-Keto-2:4: 7-tri-(trichloromethyl)-1: 3 : 5-dioxazseptan (II). 


Varying yields of this compound up to 30 per cent. were obtained 
by adding slowly 100 grams of powdered chloral hydrate to 
14 grams of powdered potassium cyanide in 200 c.c. of benzene; 
the containing vessel was shaken well and kept cool. After the 
mixture had been allowed to remain for three hours, the solution 


aA A OO 


es 
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was filtered from the tarry matter produced, the benzene evaporated 
off in a draught at room temperature, and the solid recrystallised 
from benzene. 

A better method of preparation consisted in adding slowly, with 
repeated shaking, a saturated, aqueous solution containing 14 grams 
of potassium cyanide to a saturated, aqueous solution of 100 grams 
of chloral hydrate. After about half an hour the dioxazseptan 
derivative was precipitated as a white powder. The mixture was 
allowed to remain for about twelve hours; the solid was then 
separated, washed thoroughly with water, and recrystallised from 
benzene. The yield was 30—40 per cent. of the theoretical, and 
the substance melted and decomposed at 123°. 

The same compound can be prepared also by adding slowly a 
50 per cent. aqueous solution of potassium hydroxide to a con- 
centrated, aqueous solution containing 12 grams of chloral hydrate 
and 6 grams of chloralcyanohydrin. When the product was re- 
crystallised from benzene the yield was 6 grams. 

This compound is soluble in water, sparingly so in light petro- 
leum, moderately so in pyridine or toluene, readily so in methyl, 
ethyl, and amyl alcohol, and very easily soluble in glacial acetic 
acid or acetone. It can be recrystallised from benzene or ether, 
but, as it shows a very marked tendency to undergo decomposition 
when boiled in a solvent, it is inadvisable to recrystallise the sub- 
stance. For many of the experiments described here, the material 
used consisted of the crude product, which was washed thoroughly 
with water. 

When the compound was heated above its melting point or was 
distilled in a vacuum it decomposed into ammonia, chloral, and 
chloralide. When the substance was heated in a sealed tube with 
water at 180°, there resulted a mixture of acid products which 
yielded chloroform and ammonia on being warmed with potassium 
hydroxide. 

The dioxazseptan derivative was heated for seven minutes with 
a mixture of hydrochloric acid and glacial acetic acid, and the 
mixture was cooled in ice, when crystals separated which, when 
recrystallised from ether, melted at 114°. This was identified as 
chloralide. (Found, Cl=66°3. Calc., C1l=65°9 per cent.) 


6-Keto-5-ethylearbonato-2 : 4: 7-tri-(trichloromethyl)-1 : 3: 5- 
dioxazseptan. 


To 10 grams of 6-keto-2: 4: 7-tri-(trichloromethy]l)-1: 3: 5- 
dioxazseptan, dissolved in a mixture of pyridine and toluene, excess 
of ethyl chloroformate was added, and the flask cooled. After the 
mixture had remained for eighteen hours it was poured into dilute 
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hydrochloric acid, the toluene layer separated, the aqueous portion 
extracted twice with toluene, and the united toluene solutions were 
evaporated to dryness in a draught at room temperature. The 
solid, when crystallised from ethyl alcohol, separated in colourless 
prisms, which melted at 152°. The yield was 8 grams: 


0°1439 gave 0°3441 AgCl. Cl=59°2. 
C,>H,0O;NCl, requires Cl=59°0 per cent. 
This compound was insoluble in water, sparingly soluble in 
methyl alcohol, readily so in benzene or light petroleum, and very 
easily so in chloroform or ether. 


6-K eto-5-acetyl-2: 4: 7-tri-(trichloromethyl)-1 : 3: 5-dioxazseptan. 


This preparation was similar in detail to that of the ethy]l- 
carbonato-derivative, acetyl chloride in a cold mixture of pyridine 
and toluene being employed. The substance, after three recrystal- 
lisations from methyl alcohol, separated in colourless, prismatic 
needles, forming radiating clusters, which melted at 161°. The 
yield was 60 per cent. of the theoretical. Attempts to prepare this 
derivative by means of acetic anhydride and sodium acetate gave 
only traces of the compound: 


0°1446 gave 0°3641 AgCl. Cl=62°3. 
0°3722 ,, 895 c.c. N, at 16°5° and 7485 mm. N=2°76. 
C,H,O,NCl, requires Cl=62°4; N=2°74 per cent. 

This compound was insoluble in water, moderately soluble in 
ethyl alcohol, readily so in benzene or ether, and very readily so in 
chloroform. It can be recrystallised from light petroleum or from 
methyl alcohol. 


6-K eto-5-benzoyl-2 : 4: 7-tri-(trichloromethyl)-1 : 3: 5- 
dioxazseptan (VII). 


This compound is produced by the Schotten-Baumann reaction, 
but the yield is only about 5 per cent. of the theoretical. It was 
prepared in pyridine and toluene solution in a manner similar to 
that described for the ethylcarbonato-derivative; the yield was 
70 per cent. of the theoretical. The substance, when recrystallised 
from absolute alcohol, separated in small, prismatic needles, which 
melted at 142°: 


0°1433 gave 0°3232 AgCl. Cl=55°8. 
0°4605 ,, 99 c.c. Nz at 18°5° and 738mm. N=2°46. 
C,,H,O,NCl, requires Cl=55°7; N=2°45 per cent. 


This benzoyl derivative was insoluble in water, moderately soluble 
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in light petroleum, readily so in benzene, very readily soluble in 
ether or acetone, and extremely so in chloroform. When this com- 
pound was heated on a water-bath for two and a half-hours with 
alcoholic potassium hydroxide it yielded, on acidification, a con- 
siderable quantity of benzoic acid. It remained, however, entirely 
unchanged when heated in alcoholic solution with aqueous sodium 
carbonate. 

When this benzoyl derivative was heated with hydrochloric acid 
in either alcoholic or glacial acetic solution, the ring was opened, 
one of the chloral residues was eliminated, and the compound pro- 
duced was §-trichloro-a-(A/-trichloro-a/-hydroxyethoxy)-propiono- 
benzamide (IX). 

When attempts were made to reduce the benzoyl derivative with 
hydrogen in the presence of colloidal palladium (Paal’s method) it 
was found that hydrogen was absorbed slowly and steadily, but no 
product except the usual degradation products could be isolated. 

The effects of oxidation were next tried. Hydrogen peroxide had 
no action whatever on the compound in acetic acid solution. The 
oxidation was then attempted by means of chromic acid in glacial 
acetic acid. A vigorous reaction took place, and the chromic acid 
was reduced. On isolating the product, by pouring the mixture 
into water, it was found to be identical with the one obtained by 
acid hydrolysis of the benzoyl derivative, and on treating with 
sodium carbonate solution, the same pyrrolidone derivative was 
obtained. Thechromic acid simply oxidised away one of the chloral 
residues to trichloroacetic acid. 


C,,H,0,NCl, +H,0+0 —> CCl,-CO,H+C,,H,0,NCI, (IX.) 
| NagCOs 
O,H,U,NCI, 
(VIL) (X.) 


Action of Potassium Hydroxide on 6-Keto-5-benzoyl-2: 4: 7-tri- 
(trichloromethyl)-1: 3: 5-dioxazseptan (VII). 


Preparation of the Compound C,,H,O,NCl,. 


This compound was obtained by adding very slowly about 1 gram 
of potassium hydroxide, dissolved in a small quantity of water and 
alcohol, to an alcoholic solution of the above benzoyl derivative 
(1 gram), which was heated on a water-bath. The solution gradu- 
ally became brown, and, after about half an hour, potassium 
chloride crystallised from the alcoholic solution. The mixture was 
then poured into dilute hydrochloric acid, and the solid which 
separated was crystallised from ethyl alcohol, when it was obtained 
in needles, melting at 124—125°: ' 

VOL. CV. 3 Q 
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0°2110 gave 0°4530 AgCl. Cl=53°11. 

071814 ,, 495 mgms. No. N=2°73. 

C,,H,O,NCI, requires Cl=52°89; N=2°61 per cent. 

This compound was insoluble in dilute acids or alkalis. It was 
decomposed by concentrated potassium hydroxide, with the forma- 
tion of benzoic acid. It dissolved in concentrated sulphuric acid, 
giving a pale green colour; this coloration disappeared on warming 
the solution gently, and the compound was decomposed, with the 
formation of chloral and benzoic acid. It was stable towards 
bromine and permanganate. The substance appeared to be hydro- 
lysed by hydrochloric acid in glacial acetic acid, similarly to the 
original benzoyl derivative. The mixture was poured into water, 
and the precipitated solid, when washed free from benzoic acid, 
consisted of a fairly pure compound, which melted at 112—113°: 


0°0864 gave 0°1461 AgCl. Cl=41'8. 
C,.H,O,NCI, requires Cl=43°6 per cent., whilst C,.H,,O;NCl, 
requires Cl=41°7 per cent. f 

Owing to the unstable nature of this compound, a pure specimen 
could not be obtained by recrystallisation. The substance was 
extremely soluble in alcohol or acetone, and moderately so in light 
petroleum. 

Many attempts were made to convert this substance into the 
pyrrolidone derivative (X), but all attempts proved unsuccessful, 
owing to the ease with which the compound suffered complete de- 
composition. It dissolved very readily in dilute sodium carbonate, 
and was completely decomposed, only benzoic acid being recovered 
when the solution was poured into acid. Dilute alkalis or 
ammonium hydroxide decomposed it in a similar manner. No 
benzoyl derivative could be obtained, decomposition probably 
taking place. 


B-Trichloro-a-(B!-trichloro-a'-hydroxyethoxy)-propiono- 
benzamide (IX). 


This compound was obtained by heating 4 grams of the benzoyl 
derivative with a mixture of 20 c.c. of hydrochloric acid and 80 c.c. 
of glacial acetic acid, and extracting the cold solution with chloro- 
form. <A better method of preparation was found to consist in 
heating 4 grams of the benzoyl derivative with a mixture of 10 c.c. 
of hydrochloric acid and 90 c.c. of absolute alcohol on a water-bath 
for two hours. The solution was then evaporated to dryness in a 
draught at room temperature or poured into water, and the result- 
ing solid crystallised from benzene, from which it separated as a 
white powder, melting at 166°. The yield was 1°6 grams. In spite 
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of many recrystallisations, this substance could not be obtained 
pure, as it seemed to undergo partial decomposition : 

0°1340 gave 0°2579 AgCl. Cl=47°6.* 

0°3598 ,, 9°95 c.c. Np at 16°6° and 746 mm. N=3'16. 

C,.H,O,NCl, requires Cl=47°9; N=3:16 per cent. 

This compound was sparingly soluble in water or light petroleum, 
readily so in ethyl alcohol or ether, and very readily so in pyridine. 
It behaved as a saturated compound towards bromine, and was not 
altered when heated with hydrochloric acid for four hours. 

When this compound was boiled with alcoholic potassium 
hydroxide or with sodium carbonate, a clear solution was obtained, 
which, on acidification with dilute acid, yielded a mixture of benzoic 
acid and 4: 4-dichloro-3: 5-oxido-5-trichloromethyl-2-pyrrolidone 

The acetyl derivative, CH(CCl,)(OAc)-O-CH(CCI,)-CO-NHBz, 
was formed by warming the substance for three hours with acetic 
anhydride and a trace of acetyl chloride. A better method of pre- 
paration consisted in dissolving half a gram of the substance in a 
mixture of pyridine and toluene, cooling in ice, and adding acetyl 
chloride. After the mixture had been allowed to remain for 
eighteen hours, it was poured into dilute hydrochloric acid, the 
toluene portion being separated and evaporated to dryness in a 
draught at room temperature. The resulting solid, after three re- 
crystallisations from a mixture of alcohol and water, melted at 
167°. The yield was 0°25 gram: 

0°1761 gave 0°3114 AgCl. Cl=43°8. 

C,,H,,0;NCl, requires Cl=43°8 per cent. 

This derivative was insoluble in water, sparingly soluble in light 
petroleum, and readily so in benzene. 

The benzoyl derivative, CH(CCl,)(OBz)-O-CH(CCl,)-CO-NHBz, 
was prepared by the action of benzoyl chloride on the propiono- 
benzamide derivative (IX) dissolved in a mixture of dry acetone 
and pyridine. When the mixture had remained for a few hours it 
was poured into acid, and the solid which separated was crystal- 
lised from ethyl alcohol, when it melted at 168—169°: 

0°1951 gave 0°3042 AgCl. Cl=38'57. 

Ci9H,,0;NCl, requires Cl=38°87 per cent. 


4: 4-Dichloro-3: 5-oxido-5-trichloromethyl-2-pyrrolidone (X). 


Two grams of  §-trichloro-a-(8/-trichloro-a’-hydroxyethoxy)- 
propionobenzamide were heated under reflux with alcoholic 


* Analyses of different specimens gave Cl =46°3, 48°6. 
3Q 2 
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potassium hydroxide on a water-bath for eight minutes, and the 
mixture was poured into water, when a clear solution resulted. No 
odour of ammonia or of chloroform could be detected. The solu- 
tion was acidified with nitric acid, and the solid, after being washed 
with water, was crystallised from light petroleum or dilute 
alcohol, when it was found to melt at 209°. The yield was 
0°4 gram: 

0°1491 gave 0°3741 AgCl. Cl=62°1. 

0°2182 ,, 91 c.c. Ng at 13°8° and 752°2 mm. N=4'86. 

0°2012 ,, 103°2 cc. CO,+N, at 14°3° and 672°4 mm., which 

gave 80 c.c. N, at 11° and 765 mm. C=20°85; N=4°78. 
C;H,O,NCl, requires Cl=62°1; N=4°91; C=21'1 per cent. 

This substance was very sparingly soluble in water, and readily so 
in alcohol, benzene, or chloroform. It was readily soluble in excess 
of dilute ammonium hydroxide, sodium carbonate, or sodium 
hydroxide, and on the addition of acids to these solutions it was 
recovered unchanged. The compound was stable towards bromine 
and towards potassium permanganate, but on boiling with concen- 
trated potassium hydroxide it was decomposed, with evolution of 
ammonia. By means of a solution of hydrobromic acid in glacial 
acetic acid, attempts were made to open the ring, but the com- 
pound was recovered unchanged. On treating the substance with 
methyl] sulphate, a methyl derivative was obtained. 

The methyl derivative, C,H,O,NCI;, was prepared by heating the 
compound with methyl sulphate in the presence of sodium 
hydroxide. Excess of methyl sulphate was destroyed, and the white 
solid which separated was crystallised from dilute alcohol, when it 
was obtained in silky needles, melting at 119°. Other methods of 
alkylation were tried, for example, treating the sodium salt with 
alkyl iodides, but these proved unsuccessful : 

0°1183 gave 0°2832 AgCl. Cl=59°23. 

C,H,O,NCl, requires Cl=59°26 per cent. 

This methyl derivative was readily soluble in all the usual organic 
solvents, but, unlike the parent substance, it possessed no acid 
properties. It was decomposed completely by concentrated 
potassium hydroxide. 


6-Keto-7-trichloromethyl-2 : 4-di-(tribromomethyl)-1: 3: 5- 
dioxazseptan (V). 


This compound was prepared by adding very slowly, at room 
temperature, a concentrated solution of potassium hydroxide to a 
concentrated solution of chloraleyanohydrin (7 grams) and bromal 
hydrate (24 grams). A precipitate was produced, which was 
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washed thoroughly with water and dried. Attempts to crystallise 
this compound were unsuccessful, because it was found to decom- 
pose rapidly in hot organic solvents. The yield was 12 grams, and 
the product melted at 132°: 


0°1424 gave 0°3002 AgCl+ AgBr. 

C,H,O,NCI1,Br, requires AgCl + AgBr=0°3012. 

This substance was insoluble in water, somewhat soluble in cold 
toluene, and readily so in pyridine. On treatment with acetyl 
chloride or benzoyl chloride it yielded an acetyl or a benzoyl 
derivative respectively. 

When 1 gram of this substance was boiled for seven minutes 
with 80 c.c. of glacial acetic acid and 20 c.c. of hydrochloric acid, 
and the flask cooled in ice, crystals separated out, which melted at 
149°. These were recrystallised with difficulty from absolute ether, 
and were identified, by analysis and properties, as the tribromo- 
ethylidene ester of trichlorolactic acid. (Found, 0°0913 gave 0°1977 
AgCl+AgBr. Calc., 0°1988.) This compound was described 
previously by Wallach (Annalen, 1878, 198, 53). 


6-K eto-5-acetyl-T-trichloromethyl-2 : 4-di-(tribromomethyl)- 
1: 3: 5-dioxazseptan. 


This preparation was similar to that of the acetyl derivative of 
the corresponding chloral compound. The solid was crystallised 
from ethyl alcohol, in which it is fairly soluble, and melts and 
decomposes at 158°. The yield was 50—60 per cent. of the 
theoretical : 

0°1286 gave 0°2590 AgCl+ AgBr. 

C,H,O,NCI,Br, requires AgCl + AgBr=0°2574. 

This compound was insoluble in water, moderately soluble in 

benzene or ether, and readily so in chloroform. 


6-K eto-5-benzoyl-1-trichloromethyl-2 : 4-di-(tribromomethyl)- 
1: 3: 5-dioxazseptan. 


This compound was prepared by the action of benzoyl chloride in 
a mixture of pyridine and toluene. When recrystallised from ethyl 
alcohol, in which it is sparingly soluble, it melted at 163°. The 
yield was 60 per cent. of the theoretical : 

0°1381 gave 0°2551 AgCl+ AgBr. 

07174 ,, 10°2 cc. No at 11°8° and 737° mm. N=1°64. 
C,,H,O,NCI,Br, requires AgCl+ AgBr=0°2559; N=1°63 per cent. 

This benzoyl derivative was insoluble in water, sparingly soluble 
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in hot ethyl alcohol, moderately so in ethyl acetate, and readily so 
in chloroform, ether, or acetone. 


4: 4-Dichloro-3 : 5-oxido-5-tribromomethyl-2-pyrrolidone (XI), 
C;H,O,NCI1,Br,. 

This preparation was similar to that of the corresponding 
trichloromethyl derivative (X). The 2-keto-5-benzoyl-7-trichloro- 
‘methyl-2: 4-di-(tribromomethyl)-1: 3: 5-dioxazseptan was hydro- 
lysed by means of a 10 per cent. alcoholic solution of hydrogen 
chloride on a water-bath for several hours. The mixture was then 
poured into water, and the product, which separated after some 
time, was washed with water. Like the corresponding trichloro- 
derivative, it was unstable, and no attempt was made at further 
purification. The substance was then boiled for about a minute 
with a solution of sodium carbonate, when most of it dissolved, any 
solid remaining being removed by filtration. The solution was 
acidified, and the white solid which separated was washed with hot 
water to free it from benzoic acid, and was recrystallised two or 
three times from dilute alcohol or from light petroleum, when it 
melted and decomposed at 225°. The yields throughout were very 
poor. An estimation of both chlorine and bromine was obtained 
by converting the mixed haloids into silver chloride by passing a 
stream of chlorine through the crucible containing the haloids, 
which were heated just to the point of fusion: 

0°0722 gave 0°1468 AgCl+AgBr, which gave 0°1237 AgCl after 

conversion. Cl=16°82; Br=57°52. 
C;H,O,Cl,Br, requires Cl=16°95 ; Br=57°28 per cent. 


Action of Dilute Alcoholic Potassium Hydroxide on 2-Keto-5- 
benzoyl-1-trichloromethyl-2 : 4-di-(tribromomethyl)-1: 3: 5- 


dioxazseptan. 
Preparation of the Compound C,,H,0,NCI1,Brg. 
a waite ae /CH:-CO'N Bz 
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\C—O—CH-CBr, \CH-O-C-CBr, 
| l 
CBr, CBr, 


This compound was obtained by adding slowly an alcoholic solu- 
tion of potassium hydroxide to the benzoyl derivative dissolved in 
ethyl alcohol, and heated on a water-bath (compare the preparation 
of the compound C,,H,O,NCI,). The mixture was poured into 
dilute acid, and the solid which separated was crystallised from 
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ethyl alcohol, in which it was only sparingly soluble. It formed 
fine needles, which melted at 163°: 
0°0842 gave 0°1468 AgCl+ AgBr. 
C,,H,O,NC1,Br, requires AgCl + AgBr=0°1480. 
CHEMICAL DEPARTMENT, 


THe UNIVERSITY, EDGBASTON, 
BIRMINGHAM. 


XC.—The Connexion between the Dielectric Constant 
and the Solvent Power of a Inquid. 


By Wit.iam Ernest STEPHEN TURNER and CRELLYN COLGRAVE 
BISSETT. 


In an interesting series of investigations on the factors which 
influence the solvent power of a liquid, Walden (Zeitsch. physikal. 
Chem., 1906, 55, 683) drew the conclusion that a connexion exists 
between the dielectric constant of the solvent and its solvent 
power, in that the solvents of high dielectric constant usually have 
a greater solvent action on a normal electrolyte than those with a 
low dielectric constant. The relationship thus found was developed 
more fully by him in a subsequent investigation (¢bid., 1908, 61, 
633), when he demonstrated that, using tetraethylammonium 
iodide as the solute, solubility could be linked up with the 
dielectric constant of the solvent used in such a way that the 
expression €/*/u had a constant value, ¢ representing the dielectric 
constant of the solvent, and » the molecular percentage solubility 

nm x 100 
of the salt, defined by es 
cules of solute and solvent respectively in the solution. Thirteen 
solvents, of dielectric constants varying from 78 to 5°3, were used, 
and the values of the “constant” ranged from 42°8 to 54°8, with 
a mean value of 48. To tetrapropylammonium iodide, Walden 
believed that this expression also applied. 

The expression is wholly empirical, but it has some resemblance, 
as Walden pointed out, to other, theoretically deduced, formule, 
as that of Malmstrém (Zeitsch. Hlektrochem., 1905, 11, 797) and 
Baur (ibid., 1905, 11, 936; 1906, 12, 725), namely, ation 

2 2 
connecting the ionic concentrations of an electrolyte distributed 
between two liquids of dielectric constants €, and €,. The equation 
has also a clear resemblance in form to the exponential adsorption 


n and WN being the number of mole- 
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formula, and could it be established as of general applicability 
might furnish a clue to the process of solution. From the results 
obtained in a previous investigation, however (Peddle and Turner, 
T., 1913, 103, 1202), we had reason to suspect that the expression 
did not hold, and further work was carried out (Turner and 
Bissett, ibid., 1913, 103, 1904), partly with a view to make a 
further test. 

For the purpose of testing the validity of Walden’s formula, we 
have worked up three sets of solubility data. The first set is 
derived from the results obtained by Peddle and Turner (loc. cit.) 
dealing with the solubilities in water and in chloroform of a large 
number of salts of organic ammonium bases. The results, as will 
be evident from the table below, are wholly unfavourable to the 
truth of the expression. Were it valid, then for any particular 
salt the values of ¢/ 3/ ought to be the same for both solvents. 
This is not the case, there being nowhere an approach to equality. 
Although but eight examples have been included in the table, 
results with fourteen other salts reveal at least as great a dis- 


agreement. 


Me €/2/u. 

Substance. H,0. CHCI,. H,0. CHCl.,. 
8 fo == 38-21 0-25 23-14 8-16 
i eee 27-57 24-30 25-80 1-77 
PEE wsccvascccsccsccces 15-21 13-09 31-5 2-18 
|. en 13-31 5-60 32-9 2-89 
PERRIER «ccccceseseesses 26-71 26-53 26-1 1-72 
DERE a BEE 6 icscssiecesicseses 25-26 29-83 26-6 1-66 
BERERUEEE hcacnsccsacesiscocsses 19-30 12-44 29-1 2-22 
SHEEEED sdntnentesscnseresocccce 3-06 0-72 53-7 5-73 


The second set of data was furnished by the recently deter- 
mined solubilities of eight alkali haloids in methyl, ethyl, propyl, 
and tsoamyl alcohols, determinations carried out by ourselves 
(Turner and Bissett, Joc. cit.). The similarity in character of the 
solvents was much more favourable to the application of the ex- 
pression, and we found that there was a parallelism between solvent 
action and dielectric constant. Here again, however, the quanti- 
tative expression was found unsatisfactory, and, indeed, invalid. 
The most favourable results were obtained in the case of lithium 
chloride, as follows: 


Solvent. €. Mh e/2/u. 
ME inicdideicckstnccsandsdacsensccsossoese 77-95 26-02 26-30 
Methyl] alcohol .............cccccscesseees 31-2 24-24 10-78 
TERRE DERGRGE  cccccceccccccccccccoscscoese 25-8 21-92 9-22 
EE ENNIS ‘ncccccocessccnssvocceecsess 22-2 18-68 8-37 
tsoAmy] alcohol...........ssscessesseees . 16-0 15-81 6-52 


The values of € are those at a temperature of 20°; for water, 
the value is that used also by Walden (loc. cit.), and for 
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the alcohols, those found by Abegg and Seitz (Zeitsch. physikal. 
Chem., 1899, 29, 242). 

The results with sodium iodide are very similar, but in other 
cases the values are still less concordant. 

As a final test, we investigated more fully the case of tetra- 
propylammonium iodide. Walden stated that this substance 
provides another instance where the expression €/ 3/u is valid, but 
based this statement on the results with five solvents only. In 
an earlier investigation (Zeitsch. physikal. Chem., 1906, 55, 683) 
he himself provided data on the solubility of the salt in a number 
of solvents, and this we have utilised for the calculation, adding 
also Peddle and Turner’s data for water and chloroform. The 
results, employing the same values of e as Walden, are as follows: 


Solvent. €. Me €/R/u. 
WORE ocenttisictsnesiesencesnctientasnsete . 77-9 1-07 76-2 
TIO 650 cccecccessscccnccsssseconee 53-36 4-473 32-38 
40-4 — 24-52 
RARRIEITD. certessscccecsonsnscnsimecssi . 36-4 3-52 23-9 
INMIPODONTONG occcccsecccccccssccsscceseces 32-2 1-983 25-64 
Methyl] alcohol .........sccccceccssessecees 31-2 11-26 13-92 
TGhayE GEOG ...ccccccccsccccccccccescccece 27-4 4-275 16-89 
25-8 -- 15-90 
PUMIIIND 60cccccscscoccrccccascccsssocce 27-2 1-977 21-7 
TRIO o ccccccncccscescecssscessscesec 26-0 2-91 18-2 
PRIN a si caiciccnbwccasessscatseessnnetenes 21-9 0-895 22-7 
TEE MIND snctscncssacnnectetiovensesees 17-7 0-181 31-29 
BemmebdeagGs  .ccccccccsccccccscccccsesecs 16-9 3-376 11-27 
14-5 = 9-67 
Methyl malonate ............ccccccseseees 10-3 0-1198 20-89 
TERNS ROSEN 6 cccsciccccccseccccsesessees 9-7 0-0651 24-1 
8-9 — 22-1 
TRUS CORNES ccccccscccccovesccsccoccsesess 5-85 0-001969 46-68 
6-5 --- 53-07 
COMAPIEIIEE. cowscsrsscsnsvcrccssecsscastionss 5-14 17-22 1-99 


The five solvents on which Walden based his belief in the 
constancy of the expression ¢€/ %/u are aceto-, propio-, and butyro- 
nitriles, acetone, and ethyl bromide, for which a constant of mean 
value 23 was deduced. In our extended table of fifteen solvents, 
only two others give results reasonably near 23, namely, nitro- 
benzene and methyl malonate. The apparently concordant result 
with nitromethane must be excluded, on the ground that when 
tetraethylammonium iodide is the solute, concordant results are 
only obtained by employing the higher value of the dielectric 
constant. Not only is the quantitative expression invalid, but 
even the order of solubilities is not strictly parallel with that of 
dielectric constants. Water, with the highest dielectric constant, is 
by no means the best solvent, first place in this respect being taken 
by chloroform, the dielectric constant of which is lowest. The 
application of the formula in such a successful manner to tetra- 
ethylammonium iodide appears, therefore, in the nature of a 
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fortunate chance. At least, this substance cannot be accepted as 
typical. There was the possibility, however, that the more general 
formula e=ks|rmight hold, where & and p are constants, and s is 
nx 100 

N 
the number of molecules of the solute, and WV that of the pure 
solvent in the solution. 

Applying this formula to the solubility data for the several 
alkali salts dissolved in water, methyl, ethyl, propyl, and ssoamyl 
alcohols, the best results were obtained in the case of lithium 
chloride and potassium iodide as solutes. 


the molecular percentage solubility defined as , where n is 


Lithium chloride, Potassium iodide, 
p=0-9. p=8. 

_—_—_—_——_——, a Tn, 

Solvent. r® 8. k. 8. k. 
MES cxcossvadsisedsrce 77-95 35:42 1-48 16-10 55-1 
Methyl alcohol ....... 31-2 31:96 0-66 3-481 26-7 
Ethyl alcohol .......... 25-8 28-13 0-63 0-5978 27-4 
Propyl alcohol ......... 22-2 22-97 0-66 0-1568 28-0 
tsoAmyl alcohol ...... 16-0 18-77 0-62 0-0519 23-2 


One interesting point may be noted, namely, that the value of 
k obtained when water is solvent is always about twice as great 
as that derived for the other solvents, sodium chloride and iodide, 
potassium chloride and bromide, and rubidium chloride, in addition 
to the two cases above, all yielding similar results. 

With these last five salts as solutes, the values of p in each series 
vary greatly. Thus, the six possible values deduced from sodium 
chloride range from 13°9 to 4°3, although, despite this, when the 
mean value of the values is employed, & varies only between 30°3 
and 36°0. Whereas the formula can reproduce with fair accuracy 
the solubility of a substance like lithium chloride, where p has a 
small value, the calculated and experimental results differ widely 
when p has a high value. 

We therefore conclude that a relationship between dielectric 
constant and solvent power cannot be expressed generally by an 
equation of the form shown. Indeed, from experiments carried 
out in this laboratory, we believe that no general relationship of 
any kind can be found, since in many cases solvent action does not 
follow the order of the dielectric constant. Thus, whilst nitro- 
benzene, of dielectric constant 36°8, dissolves tetraethylammonium 
iodide to an extent which fits in with Walden’s formula, its solvent 
action on propylamine, isobutylamine, diethylamine, and triethyl- 
amine hydrochlorides, tetraethylammonium chloride and bromide 
is exceedingly slight at the same temperature. On the other hand, 
chloroform, bromoform, diphenylamine, ptoluidine, acetic acid, 
and aniline, all of low dielectric constant, readily dissolve these and 
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other similar salts. Even Walden’s results for potassium iodide in 
a variety of solvents (Zeitsch. physikal. Chem., 1906, 55, 683) 
indicate a number of exceptions to the rule. Solubility, we find, 
depends as much on the nature of the solute as on that of the 
solvent. 

The recent determinations of the solubility of pnitrobenzyl 
chloride and triethylamine made by Halban (Zeitsch. phystkal. 
Chem., 1913, 84, 129) in a series of solvents enables us to test 
whether there is any connexion between dielectric constant and 
solvent power when the solute is a non-electrolyte. Rothmund 
(Zeitsch. phystkal. Chem., 1898, 26, 433), who first made the 
suggestion of the probable influence of the dielectric constant, did 
so on the basis of the solubility of a large number of organic sub- 
stances in water, and drew the conclusion that the substances of 
high dielectric constant were the ones most soluble. There were, 
however, notable exceptions. Halban’s solubility data for the 
temperature 25°, together with the values of the dielectric constants 
at about this temperature, drawn from Landolt and Bérnstein’s 
tables mainly, in one or two instances from Walden’s work (Zeitsch. 
physikal. Chem., 1910, 70, 569), are as follows, A being the 


coefficient of solubility : 
p-Nitrobenzyl 
chloride. Trimethyl- 
Grams per 100 amine. 


Solvent. €. grams of solvent. A. 
Nitromethane ............c.seeeeeeseeeees 40-4 68-8 56-5 
POBEOTNETTD 6 oncsiccscsccecccsccccsccoscess 36-4 96-6 63-7 
NiGPODENTONE .......0...cccccccsoccccscoses 35-5 57-8 53-1 
Methyl alcohol ............sc.cssesesereees 31-2 8-87 711-0 
o-Nitrotoluene . 27-7 51-1 54-7 
Ethyl] alcohol 25-8 7-10 471-0 
Acetone ............06- 25-0 107-0 76-7 
Propyl alcohol 22-2 5-70 472-0 
Butyl] alcohol 20-0 21-5 a= 
Acetophenone 18-6 63-1 57-9 
Ethyl nitrate 18-3 51-2 oo 
Paracetaldehyde ...........s.sseeeeeseees 14-6 24-9 —_— 
Bromobenzene ..........seeeeeseeeeeeeees 9-82 32-0 —_ 
MI I acensSehs cs ctaccisticasecsssiieses 9-7 18-1 — 
tsoAmy] bromide  ..........seseeeeeeeeees os 12-5 — 
Benzyl] chloride. .............seeseeeeeeeees 7-1 45-3 —_ 
Ethyl acetate ...........cccceccsceeseeseees 6-11 57-8 84-5 
Ethyl benzoate ..........seseceeeeeeeeees 6-03 43-3 76-2 
a-Bromonaphthalene .................+. 5:17 31-7 47-0 
GENEID scescccescnseccnssiveceotnisnsees 5-14 47-6 598-0 
BOONE 6 Savers tndssecscdiitnawdsceeenscusecass 4-3 96-6 53-3 
BOD: cckstarssanipencvcsssarsscccnessencs 2-3 69-7 109-0 
Carbon tetrachloride ..............+.000+ 2-24 6-05 =e 
B-Methylbutane ..............seseeeeeerers 0-49 —_— 


gb cs nchbhiiraiacibeteneiienson 1-88 1-30 75-0 


As will be seen from the table, there is here no parallelism 
between solvent action and dielectric constant. 
A similar conclusion must be arrived at when gases are the 
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solutes employed. An extensive investigation on the solubilities of 
carbon dioxide, hydrogen, nitrogen, and carbon monoxide in 
organic solvents was carried out by Just (Zeitsch. physikal. Chem., 
1901, 37, 342), forty-four solvents being tested with carbon dioxide, 
and seventeen or eighteen with each of the other gases. A con- 
sideration of the data shows not the slightest sign of an approach 
to parallelism between dielectric constant and solvent action. 

On the whole, the dielectric constant of the solvent appears to 
exert an influence only when the solute is an electrolyte, and even 
here is by no means the controlling factor in producing solution. 


CHEMISTRY DEPARTMENT, 
THE UNIVERSITY, SHEFFIELD. 


XCI.—The Action of Sulphur on Amines. Part II. 
Aniline. 
By Hersert Henry Hopcson and ALFRED GILBERT Drx. 


Tue following paper deals with part of an extended investigation 
on the action of sulphur on aniline under varying conditions. 
Although this reaction has not received attention recently, past 
efforts reveal a multitude of apparently discordant results which 
can only be explained as due to the different conditions employed ; 
for example, K. A. Hofmann (Ber., 1894, 27, 2807) found that 
when sulphur was heated alone with aniline for twelve hours at 
170—180°, a di-o-thioaniline was obtained, whilst he noted the much 
greater celerity of the action when hydrochloric acid was present, 
with the formation, however, of a di-p-thioaniline. Hinsberg (Ber., 
1905, 838, 1130) found the last reaction to be not quite so simple 
as stated by Hofmann, but, under the conditions observed by the 
latter author, to give at least four substances, namely, diphenyl- 
amine, dithioaniline, Merz’s thioaniline, and a new thioaniline. 
Again, Hofmann (Ber., 1894, 27, 3321) found that when aniline, 
sulphur, and hydrochloric acid are heated together in certain pro- 
portions, first for an hour at 170° and then for a further five hours 
at 200°, the principal products are thiodiphenylamine and phenyl- 
diaminopheny! disulphide (Cs5H,-NH-C,H,°S:S:C,H,-NH,). 

In a previous communication (T., 1912, 101, 1693) one of the 
authors found that in the case of o-toluidine a quantitative yield 
of a trithio-o-toluidine was obtained under conditions similar to 
those which Hofmann, and later Hinsberg, employed for aniline. 
This has led to an investigation of the influence of the methyl group 
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in directing the position in which the sulphur enters, the results 
of which will be given in a subsequent paper. In like manner the 
principal product formed in the aniline reaction appears to be a 
trithioaniline, and failure on the part of previous investigators to 
isolate this compound appears to be due to the methods of purifica- 
tion employed. It is noteworthy that in all cases the major part 
of the product has been formerly rejected as a complex, resinous 
mass, whilst in the opinion of the present authors only secondary 
products have hitherto been isolated. 

When this resinous mass is dissolved in dilute hydrochloric acid, 
and sulphuric acid added, followed by aqueous sodium hydroxide 
drop by drop, care being taken to preserve the acidity of the 
solution, a large yield of a yellow solid is obtained, which analyses 
indicate to be the sulphate of a trithioaniline. The same result 
may be otherwise attained by dissolving the tarry mass in hot dilute 
sulphuric acid, and allowing the filtered solution to cool. The 
former process, however, is more rapid. 

The primary product of the action of sulphur on aniline in the 
presence of hydrochloric acid thus appears to be a trithioaniline, 
and the various products isolated by other investigators are prob- 
ably due to secondary reactions between this trithioaniline and 
sulphur and aniline under the particular conditions observed. The 
latter phase is at present under investigation. 

As in the case of trithio-o-toluidine, the dyestuffs obtained by 
diazotising trithioaniline sulphate and coupling with such com- 
ponents as a-naphthol-4-sulphonic acid, exhibit marked affinity for 
wool, and give shades of similar fastness, thereby confirming the 
observation previously recorded that the property of conferring 
fastness appears to be a fundamental characteristic of the whole 
series of bases. 

Iodine appears to exert the same catalytic influence as hydro- 
chloric acid. 

On reduction, the trithioaniline is converted into pp-dithioaniline, 
but the yield of the latter is so small that the whole question of 
the reduction of trithioaniline, as well as of trithio-o-toluidine, is 
receiving attention. 

Irregularities in the results obtained when trithioaniline is con- 
densed with m-nitrobenzaldehyde, and also when diazotised and 
coupled with 8-naphthol in alkaline solution, seem to indicate that 
one of the sulphur atoms is more loosely combined than is the case 
in trithio-o-toluidine, as a loss of sulphur is apparently entailed. 
More work, however, is required to clear up this point, and also 
to elucidate the mode of union of the three sulphur atoms in the 
molecule. 
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EXPERIMENTAL. 
Trithioaniline Sulphate, 83(Cg,H,°NH,).,H,SO,. 


For the preparation of this compound, 50 grams of aniline, 
25 grams of aniline hydrochloride, and 25 grams of sulphur are 
heated together at 185—190° for three to four hours. Further 
extension of the heating period is unnecessary in view of the almost 
quantitative character of the yield. The fusion is then rendered 
faintly alkaline by means of sodium hydroxide, and steam passed 
through until all the unchanged aniline is removed. The contents 
are then diluted to about 200 c.c., and after neutralisation are 
heated on the water-bath with about 50 c.c. of concentrated hydro- 
chloric acid (D 1°15), when the bulk of the product passes into 
solution. The liquid is then filtered, excess of sulphuric acid added 
to the filtrate, and to the cooled solution aqueous sodium hydroxide 
added drop by drop so long as a precipitate forms. It is essential, 
however, that the final condition of the solution be feebly acidic. 
The yellow-coloured product, which is almost pure, is further puri- 
fied by repeating the last operation. The yield is 71 grams. 

When iodine was used as catalyst, in place of hydrochloric acid, 
the same results were recorded. 

The substance, which has a yellow colour when first precipitated, 
gradually turns green with age. It is almost insoluble in cold, but 
more soluble in hot, water; in hot alcohol it is sparingly soluble, 
but dissolves readily in hot dilute hydrochloric acid. Analysis 
indicates it to be the sulphate of a trithioaniline. 

On diazotisation the sulphate readily forms a soluble, yellow 
bisdiazo-compound, which is capable of uniting with the usual 
components to form dyestuffs possessing an exceedingly fast char- 
acter. In particular that formed by coupling with a-naphthol-4- 
sulphonic acid gives on unmordanted wool a scarlet shade of great 
brilliance and stability towards the usual tests of milling, bleach- 
ing, storing, potting,* acids, alkalis, and light: 

0°2644 gave 0°6553 BaSO, S=34°04. 

C,.H,,N,83,H,SO, requires S=33°86 per cent. 

When this trithioaniline sulphate is reduced by means of zinc 
dust and hydrochloric acid, a violent reaction occurs, hydrogen 
sulphide being copiously evolved, and p-aminothiophenol formed. 
The latter substance was isolated as its oxidation product, pp-dithio- 
aniline, by rendering the solution alkaline with dilute sodium 
hydroxide (10 per cent.), whereby the bulk of the reaction products 
remained in solution. After filtration, the solution, on keeping, 


* The term “potting,” which has a varied industrial significance, is here 
restricted to the action of hot and cold water on the dyed fabric. 
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deposited a crystalline substance, the formation of which was 
accelerated by bubbling air through the solution or by addition of 
mild oxidising agents. After recrystallisation from dilute alcohol, 
this substance proved to be pp-dithioaniline. 


Trithioaniline, S3(C,H,NH)>. 


The free base is liberated from its sulphate as a resinous mass, 
and all attempts to obtain it in solid condition have hitherto failed. 
This unsatisfactory result is also recorded by Schmidt (Ber., 1878, 
11, 1170), who attempted to prepare the free base from trithio- 
acetanilide, which latter he obtained as one of the reaction products 
when acetanilide is heated with sulphur chloride at 100°. 

Whereas benzoylation of the base may be readily accomplished, 
acetylation either with acetic anhydride or acetyl chloride produced 
a resinous mass which could not be induced to solidify. This result 
recalls the difficulties encountered in the acetylation of trithio-o- 
toluidine, and both these cases are still under investigation, as also 
an abnormal behaviour on diazotisation and on condensation with 
m-nitrobenzaldehyde. 


Trithtoaniline Hydrochloride, 83(C,H,°NH,).,2HCI. 


The hydrochloric acid extract of the sulphur fusion on prolonged 
keeping yielded first of all a small amount of a yellow substance, 
which was collected and crystallised from alcohol. It then melted 
at 225° (corr.), and on analysis appeared to be the hydrochloride 
of a dithioaniline. Owing to the small amount obtained, however, 
further purification was impossible : 

0°1816 gave 0°2512 BaSOQ,. S=19°0. 

CipH,.N.S.,2HCl requires S=19°9 per cent. 

On further keeping the solution deposited a green, resinous mass, 
which was readily soluble in alcohol, but from which crystals could 
not be obtained. After numerous failures, the resin was found to 
solidify when allowed to remain for a long time in water weakly 
acidified with hydrochloric acid. The green solid so obtained could 
be readily powdered, and if dissolved in very slightly warmed 
alcohol it separated on keeping in granules possessing a green 
tinge. The solid showed a great tendency to revert to the resinous 
condition. Analysis indicated this compound to be the hydro- 
chloride of a trithioaniline: 

0°1914 gave 0°3848 BaSO,. S=27°61. 
C,,Hj.N.S83,2HCl requires S = 27°19 per cent. 
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Trithioaniline Oxalate, 8;(C,H,NH,)2,C,;H,O,. 


This compound was prepared by dissolving the purified sulphate 
in warm, very dilute hydrochloric acid, and filtering the cooled 
solution into one of oxalic acid in water. Aqueous sodium hydroxide 
was then added drop by drop when the oxalate of trithioaniline 
was precipitated. After purification by several reprecipitations 
from dilute oxalic acid solution, the substance was obtained in a 
white, crystalline condition, sparingly soluble in cold, but more 
readily in hot, water or hot alcohol, and insoluble in benzene: 


0°1220 gave 0°2326 BaSO,. S=26°18. 
C,.H.N,S;.C,H,O, requires S= 26°19 per cent. 


Benzoyl Derivative of Trithioaniline, 8,(C,H,;NHBz),. 


This derivative was prepared by adding a benzene solution of 
benzoyl chloride to one of the base, together with a few drops of 
pyridine, and gently warming to start the reaction. 

The dark-coloured product was washed successively with dilute 
sodium hydroxide, hydrochloric acid, and water to remove any 
unused benzoyl chloride, and then dissolved in alcohol, the solution 
filtered, and resinous impurities removed by the gradual addition 
of water. After several recrystallisation from alcohol, the substance 


melted at 192—193° (uncorr.) : 


0°1268 gave 0°1788 BaSO,. S=19°36. 
C,H )0,N,8, requires S=19°65 per cent. 


The preliminary stages of this work were carried out in the 
Research Laboratory of the Bradford Technical College, whilst 
the dyestuffs have been patented by the Bradford Corporation. 

For valuable assistance during the Bradford period one of the 
authors desires to thank Mr. W. A. Bell. 


NoRTHERN POLYTECHNIC INSTITUTE, 
Lonpon, N. 


si 


cast Mii reo LEN AST EW Nt tea, 


mT 


ee er 


oe.) eee 


i i ed 


- 


TAO MBE SE Sok Ae 


- 


STUDIES OF THE CONSTITUTION OF SOAP SOLUTIONS. 957 


XCII.—Studies of the Constitution of Soap Solutions: 
The Alkalinity and Degree of Hydrolysis of Soap 
Solutions.* 


By James WiLL1am McBain and HerBert Ernest Martin. 


Tue first result that was established through the studies of soap 
solutions in this laboratory was that these solutions, which were 
generally considered to be simple colloids in concentrated solutions, 
were shown to be excellent conductors of electricity. Further, the 
values of the conductivities of sodium palmitate were established 
beyond reasonable doubt, and found to give rise to anomalous 
curves exhibiting a maximum and a minimum as in certain interest- 
ing non-aqueous solutions; thus there has been in the last few years 
a general re-opening of the question as to the nature of soap 
solutions. 

The present communication records the second chief advance in 
our study of soap solutions, in that it describes for the first time 
quantitative measurements of the degree of hydrolysis and the true 
alkalinity of these solutions. A third communication, shortly to be 
communicated, will contain vapour-tension data, which, taken in 
conjunction with our previous work, give an idea of the nature of 
some of the constituents of these solutions and their approximate 
amounts. All these results differ widely from any theory hitherto 
put forward in connexion with soap solutions. 

The literature bearing on the determination of the true alka- 
linity or hydrolysis of soap solutions has recently been reviewed by 
F. Goldschmidt (Ubbelohde-Goldschmidt, ‘Handbuch der Oele 
und Fette,” Bde. III., 1910, p. 405—412). Goldschmidt concludes 
his summary with the words: “ Die quantitative Bestimmung der 
Seifenhydrolyse ist noch immer ein ungeléstes Problem,” and points 
out that the chemical methods hitherto adopted fail, since they 
destroy the equilibria they are attempting to study. 

The method we have used is the measurement of electromotive 
force, employing a hydrogen electrode. Owing to the low values 
found for the concentration of hydroxyl ions, even if the error 
in their determination amounts to several millivolts, the proportion 
of soap hydrolysed is measured with an accuracy of 0°1 per cent. in 
most cases. 

The results are much more accurate, or at least reproducible, 
than we hoped in advance, and if even greater care were taken in 


* For reference to previous papers see this vol., p. 417. 
VOL, CV, 3.R 
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the preparation of the soap solutions the results might still be 
slightly improved. 

The catalytic method of determining hydroxyl-ion concentrations 
discovered by Francis using nitrosotriacetonamine (T., 1912, 101, 
2358; 1913, 108, 1722) has already given results which confirm 
the essential trustworthiness of the present data in dilute solution. 
This catalytic method is being applied in this laboratory to various 
problems connected with soap solutions. 


EXPERIMENTAL. 


The cells first measured were of the type: 
Pt,H, | NaOH | 0-1N-KCl | 0-1N-KCl | HgCl,Hg. 
90°, 234 mm. 90° 90° 16° 16° 


Having thus established standard values for a series of known 
concentrations of hydroxyl ion, soap solutions were substituted for 
the sodium hydroxide. By this means all effects of difference of 
temperature were wholly and accurately eliminated, and a direct 
comparison was obtained between soap solution and sodium hydr- 
oxide at 90°. The soap solutions were made from palmitic acid 
“ Kahlbaum,” and sodium hydroxide, prepared from conductivity 
water and sodium, and the precautions described in previous papers 
were observed. 

The form of electrode used is shown in Fig. 1; it is a modifica- 
tion of that of Lorenz and Mohn (Zeitsch. physikal. Chem., 1907, 
60, 425). The platinised platinum electrode b is corrugated verti- 
cally in order to keep it from bending or rolling up; this precau- 
tion is essential if the ground-in joint at a is omitted. The advan- 
tage of the ground-in joint at a is that the electrode may be taken 
out for cleaning, etc; a minor disadvantage is the increase in dead 
space to be flushed out with hydrogen. The U-tube at c eliminates 
effects due to evaporation during the measurements if it be filled 
with some of the same solution. The tube at f was connected 
to a small wash flask, to prevent air getting in and to relieve 
excess of pressure. The bend at d was for the purpose of intro- 
ducing more hydrogen without admitting air or disturbing the 
apparatus; it was used only in the earlier experiments. The open- 
ing at e was kept closed with a ground-in stopper, except during the 
actual measurement. 

Eight electrode vessels were used, and no difference between the 
results obtained with different vessels or with different quantities 
of solutions in any one vessel could be observed. When not in use 
the electrodes were kept immersed in water. 

All the measurements were made with the gas electrodes com- 
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pletely immersed in a bath at 90°, the calomel electrode being 
kept at room temperature (16°). This temperature was chosen in 
order that the results might be directly comparable with the other 
data obtained in this laboratory. A glass-walled thermostat was 
vsed, so that the solutions could be constantly under observation. 
This is necessary, not only while filling the electrodes with hydrogen, 
but afterwards for keeping the levels of the liquids adjusted. 

In order to carry out an experiment, the vessels were half filled 
with solution. Hydrogen prepared 


from zine (free from arsenic) and Fic. 1, 
dilute hydrochloric acid, and washed 
with alkaline permanganate solution, J\ 


was then slowly bubbled in through « | | 
e ja f 


for at least half-an-hour, the excess 
escaping through the trap c, which was 
filled with more of the same solution. 
If sufficient time is not allowed for 
complete removal of the air contained 
in the soap solution, the potential 
difference is too low, and even if at 
first normal, it falls off rapidly within 
the next few hours. Possibly some of 
the results given below for 0°05/V- to 
0°2N-sodium palmitate may be some- 
what affected for this reason. 

Connexion between the electrode 
vessel at 90° and the decinormal 
calomel electrode at room temperature 
was effected as follows: A large test- 
tube containing 0°1N-potassium chloride 
was immersed in the thermostat at 
90°0°. This was connected with the 
electrode vessel by a capillary siphon 
of about 1 mm. diameter, drawn out UL-—tL—t_-i 1 tt i 
to a fine capillary at each end and The hydrogen electrode. 
dipping into e. This siphon was 
filled with fresh 0°1N-potassium chloride solution and placed in 
position just before each reading was to be taken, and removed 
again immediately afterwards. The test-tube was connected with 
the calomel electrode at room temperature by means of a siphon 
6 mm. in diameter, also filled with 0°1N-potassium chloride; thus 
the whole of the temperature gradient was contained in the 
0°1N-potassium chloride solution. 

The voltage of the cell was measured by the compensation 

3R 2 
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method, using a closed capillary electrometer as null instrument, 
and referring the results to a normal Weston element which had 
been standardised by the Reichsanstalt. . On placing the electrodes 
in the thermostat the value of the #.4/./. was for a short time not 
constant. Generally the electromotive force showed a continuous 
change in one direction or the other (that is, increase or decrease) 
for half-an-hour or so, and then became fairly constant for the 
next five or six hours. The voltages set out below are the mean 
values of several measurements taken during a period of about 
two hours after the electromotive force had become steady. The 
deviation from the mean of the individual values was not more 
than one or two millivolts, and was frequently less than one 
millivolt. 

Since the hydrogen electrode was at 90°, and consequently the 
vapour pressure of the solution very considerable, the partial 
pressure of the hydrogen was only about 234 mm. (760 mm., minus 
the vapour pressure of water at 90°0°), and even this depends on 
the barometric pressure. All results given below, except where 
specially noted, have been corrected to this partial pressure of 
hydrogen of 234 mm. by means of the formula for gas-concentration 


cells: 
kT, 234 
= n 


a= oP p? 
where p is the partial pressure of hydrogen under barometric 
pressure. Fortunately, the correction is small, and the observed 
voltage of the cell has to be increased by only 1°4 millivolts for 
a barometer reading of 740 mm., and decreased by 0°7 millivolt 
for one of 770 mm. Again, the effect of dissolved substances in 
lowering the vapour pressure of the solution in no case produced 
an error of more than 0°2 millivolt, using sodium hydroxide, or of 
0°6 millivolt in the case of soaps. Had the results in the table 
been corrected to 760 mm. instead of 234 mm., partial pressure of 
hydrogen, they would all have been greater by 18°8 millivolts. 
The results in the tables below are expressed in volts, and are 
all negative in sign; no single potentials are there given. In every 
case at least two entirely independent solutions were measured, 
and sometimes each of these in duplicate. The concentration of 
soap solutions is expressed in weight-normality (gram-molecules per 
1000 grams of water), that of V/10-potassium chloride in volume- 
normality at 18°, that of sodium hydroxide and of hydroxyl ion 
always in volume-normality at 90°, OH’,, and sometimes also in 
volume-normality at 18°, and in weight-normality, OH’,. The 
data for ionic mobilities and degree of dissociation at 90° are taken 
from the last communication (loc. cit.). 
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Sodium Hydroxide. 


The sodium hydroxide solutions prepared from sodium and con- 
ductivity water were made up exactly to round concentrations at 
16°, so that the volume-normality at 90° given in the first column 
of table I is smaller by 3°4 per cent. The second column gives the 
hydroxyl-ion concentration in volume-normality at 90°, OH’,; the 
third the number of entirely separate determinations on different 
solutions; the fourth, the mean of the observed voltages, F,,,, 
corrected for p=234 mm; the fifth, the diffusion potential in milli- 
volts, Fay; the sixth, the voltage corrected for diffusion poten- 
tial, Z,,,,.; atid the last column the difference in millivolts between 
this final corrected result and that predicted as below. 

The diffusion potential between the sodium hydroxide and the 
0°1N-potassium chloride, both at 90°, was calculated from the 
Henderson formula; it is opposed to the total voltage of the 
cell. 

Since in the next to the last column of the table we are dealing 
solely with changes of the hydrogen electrode potential (with 
change in concentration of hydroxyl ion, diffusion potential and 
all other effects having been eliminated, the results obtained 
should change with concentration according to the formula: 


0-079 (OH’), 
E a (0H), 07200 108 (OH),’ 
where (OH’), is a definite fixed concentration of hydroxyl ion, 
chosen as reference point. In other words, without as yet discuss- 
ing the single potential or absolute values of the voltage, we can 
see if our corrected voltages when plotted against the logarithm of 
the concentration of the hydroxyl ion, lie on a straight line as 
they should, and, further, whether the slope of this line agrees 
with the value 0°07200 for a ten-fold increase in concentration. 
The “ predicted voltage” is simply the straight line having this 
slope which best fits the results given in the last column but one. 
The deviations from this line of theoretical slope as given in the 
last column are irregular in sign and small in amount. 

It is therefore evident that our results change with concentra- 
tion exactly in accordance with theory, and further that most of 
them have been determined within a fraction of a millivolt. The 
average value from these twelve points (fifty-one measurements) 
probably fixes the absolute position of the straight line within one 
or two millivolts.* Two millivolts correspond with an error of 


a Any effect due to the deviation of ions from the gas laws falls far below this 


(compare G, N. Lewis, J. Amer. Chem. Soc,, 1912, 34, 1633). 
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+7 per cent. on the value of the coucentration, 1 millivolt to 
+3°4 per cent. 


TABLE I. 
Sodium Hydroxide at 90°. 
Bovs. Bais. Beorr, A. 
NaOH. OH’,. Number. Volts. Millivolts, Volts. Millivoits. 
0-0004833 0-0004720 4 0-9035 0-5 0-9040 +2-5 
0-0009666 0-0009390 7 0-9226 1-0 0-9236 +0-7 
0-001933 0-001861 6 0-9408 1-6 09424 —2-8 
0-002900 0-002777 6 0-9552 2-0 0-9572 +03 
0-003866 0-003690 3 0-9629 2-5 0-9654 —0-3 
0-004833 0-004594 5 0-9695 2-8 0-9723 —0-4 
0-00725 0-00684 2 0-9818 3-8 0-9857 +0-5 
0-009666 0-00906 3 0-9884 4-7 0-9931 —0-7 
0-01353 0-01260 2 0-9963 6-2 1-0025 —2-5 
0-02900 0:02643 3 1-0168 9-3 1-0261 —0-9 
0-04833 0-04328 8 1-0311 12-3 1-0434 +0-8 
0-09666 0-0841 2 1-0476 17-1 1-0647 +2-1 


The results given in table I lead to a value for the dissociation 
of water at 90°, if the temperature-coefficient of the hydrogen 
electrode is allowed for, and if it is assumed that there is no 
thermo-electric effect produced within the potassium chloride 
solution. The well known paper of T. W. Richards on the tem- 
perature-coefficient of the calomel electrode is based upon the latter 
assumption (Zeitsch. physikal. Chem., 1897, 24, 39; compare 
Duane, Ann. Phys. Chem., 1898, [iii], 65, 374, ete.). 

Any point on the final “ predicted” curve may be taken, since 
the straight line itself is the final average of all the measurements 
and its slope is accurately known from theory; thus for the 
0°0004720N-hydroxyl-ion solution the “ predicted” value is 0°9015 
volt; on increasing this by 18°8 millivolts in order to refer it to 
760 mm. pressure of hydrogen, it becomes 0°9203; and on adding 
0°5 millivolt for the thermo-electric force of mereury-copper, which 
is opposed in sign to the total voltage of the cell, it becomes 0°9208 
volt. A further 0°2850 volt must be subtracted to bring it to the 
standard hydrogen potential. 

This value of 0°2850 is arrived at as follows: Richards (loc. cit.) 
found the temperature-coefficient of the decinormal calomel elec- 
trode to be 0°79 millivolt per 1° between 0° and 30°, which would 
amount to 58°5 millivolts for the interval 90—16°. Bjerrum 
(Zeitsch. physikal. Chem., 1905, 58, 428; also Auerbach, Zeitsch. 
Elektrochem., 1912, 18, 13) found the potential of the decinormal 
calomel electrode against the normal hydrogen electrode of the same 
temperature to be 0°3366 at 0°, 0°3367 at 25°, and 0°3315 for 75°, 
whence follows 0°3299 volt for the neighbouring temperature of 
90°, which is 6°8 millivolts less at 90° than at 16°. Hence the 
potential of the normal hydrogen electrode at 90° against the dect- 


ees 
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normal calomel electrode at 16° is —0°3367 +58°5 —6°8 = —0°2850 
volt. That is, the hydrogen electrode, on the assumption men- 
tioned above, changes its absolute potential by something like 
51°7 millivolts over the range 16—90°; in spite of this, Nernst and 
Auerbach (loc, cit.) urge that it should be taken as zero at each 
temperature. 

After subtracting 0°2850 from 0°9208 volt, we have: 

0:0004720 

z 
where ¢, is the concentration of hydroxyl ion in a solution where 
the concentration of the hydrogen ion is 1°0V at 90°. From this it 
follows that c,;=69°7 x 10-14, and hence the ionic product of water 
at 90°= K,=69°7 x 10-4. 

Lorenz and Béhi’s value (Zeitsch. physikal. Chem., 1909, 66, 733) 
at 90° is 52°3 x 10-14, a difference of 9 millivolts, but the value is 
very uncertain, since Heydweiller’s values at 50° (5°7 x 10-14) and 
at 100° (58°2 x 10-14) indicate a result about 20 per cent. less, and 
Noyes’s value of 48 x 10-4 at 100° (Zeitsch. physikal. Chem., 1910, 
78, 20) corresponds roughly with about 33 x 10-" at 90°. 

Conversely, were the dissociation-constant of water at 90° known 
with any accuracy, the present data could be utilised in evaluating 
the temperature-coefficient of the standard electrodes and the 
thermo-electric force of potassium chloride solution between 30° 
and 90°. It will be noted that the only essential extrapolation in 
the discussion above was the assumption that the temperature- 
coefficient of the calomel electrode and of the thermo-electric effect 
in the potassium chloride solution was the same over the range 
16° to 90° as between 0° and 30°; this assumption could then be 
quantitatively corrected within a few hundredths of a millivolt 
per degree. There is no experimental difficulty involved in always 
confining temperature differences to potassium chloride solutions 
inserted in the cell when referring results, say, to the hydrogen 
electrode at 18°. 


0°6358 = 0:07200 log 


Pure Soap Solutions. 


Forty-four experiments were carried out on various solutions of 
pure sodium palmitate. These are summarised in table II. The 
diffusion potential has been assumed to be less than the experi- 
mental error in the case of pure soap solutions. 

The question as to how to allow for diffusion potential is of 
vital importance, since Donnan in a very important paper (Zettsch. 
Elektrochem., 1911, 17, 572) has shown that membrane potentials 
may acquire quite enormous values, altering even the order of 
magnitude of the results obtained when it is neglected, In the 
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first place, no membrane is present in our cells. In the second 
place, we hold that the carriers of the negative current in our 
solutions are highly mobile, possessing an equivalent conductivity 
comparable with that of, say, the acetate ion; thus the conditions 
which give rise to membrane potentials are entirely absent. 

It seems probable that the values of the diffusion potentials 
for pure sodium and potassium palmitate solutions are negligible, 
for the voltages here observed lie within a range of concentration 
of hydroxyl ion for which in the case of sodium hydroxide above 
the diffusion potential only amounts to between 0°7 and 1°9 milli- 
volts. Again, if the disparity in the mobilities of the sodium ions 
and the palmitate micelles is not great, the diffusion potential must 
almost vanish, and it is probably opposed in sign to that due to 
the free alkali present; thus we believe that the results here 
presented are substantially correct, although since diffusion poten- 
tial increases rapidly with concentration the values in the most 
concentrated solutions may be affected.* 

In tables II and III the first column gives the weight-normality 
of the palmitate solution; the second, the number of independent 
experiments; the third, the voltage #; the fourth and fifth, the 
hydroxyl-ion concentration in volume-normality at 90° and in 
weight-normality; and the last column, the proportion of soap 
hydrolysed. The hydroxyl concentrations are read from the 
“predicted curve” for sodium hydroxide described above. The 
results given in brackets are an earlier series of determinations, in 
which it is not certain that sufficient care was taken to saturate 
the solutions with hydrogen. 


TaBLeE II. 
Sodium Palmitate at 90°0°. 
Hydrolysis 

NaP,,. Number. JZ. OH’,. OH’,,. per cent. 
0-:996N 2 0-9555 0-00265N 0-00200N 0-20 
0-749N 6 0-9574 0:00282N 0:00225N 0-30 
0-4994N 8 0-9497 0-00221N 0-00187N 0:37 
0-:2996N 4 0-9416 0-00168N 0-00150N 0-50 
0-1999N 4 (0-9305) (0-00118N) (0-00108N) (0-54) 
0-1000N 4 (0-9263) (0-00106N) (0-00100N) (1-00) 
0-1000N 4 0-9348 0-00136N 0-00128N 1-28 
0-0500N 4 (0-9259) 0-00104.N 0-00099N (2-0) 
0-0500N 4 0-9294 0-00L15N 0-0011LN 2-22 
0-01000N + 0-9129 0-000675N 0-00066N 6-6 


* The study of the results with nitrosotriacetonamine has not yet completely 
established the reason for tiis catalytic method giving a lower result for the most 
concentrated solutions, whilst it confirms the data for V/10- and N/20-soap solutions, 
This may lead to a determination of the mobility of the palmitate micelle. 
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Tasie ITI. 
Potassium Palmitate at 90°0°. 
Hydrolysis 
KP,. Number. Z. OH’,. OH’. per cent. 
1-007N 2 0-9262 0-00104N 0-00078N 0-08 
0-754N 2 0-9593 0-00298N 0-00236N 0-31 
0-502N 2 0-9665 0-00375N 0-00316N 0-63 
0-2003N 2 0-9357 0:00140N 0-00128N 0-64 
0-1001N 2 0-9340 0-00133N 0-00125N 1-25 
0:0500N 2 0-9266 0:00106N 0-00101N 2-02 
0-02000N 2 0-9294 0-00116N 0-001LLIN 5-6 
0-01000N 4 0-9139 0-00069N 0-00068N 6-8 


The most noticeable feature of tables II and III is the low 
concentration of free alkali hydroxide over the whole range of soap 
solutions. The true alkalinity of these palmitate solutions is found 
to be about V/1000 in dilute solutions and only a few times greater 
in concentrated solutions; thus the hydrolysis of soap solutions 
above V/10 is only a fraction of 1 per cent., and it is not very 
different for the sodium and potassium salts. 

Most authors since Kahlenberg and Schreiner (Zettsch. physikal. 
Chem., 1898, 27, 552) have, as a matter of course, ascribed the 
conductivity exhibited by soap solutions largely to free alkali 
hydroxide. In previous papers from this laboratory the same 
tentative suggestion was made, but it was each time clearly stated 
that it was only a working hypothesis until these experimental data 
should be ascertained. Now it is certain that the conductivity of 
soap solutions is only to a very minor extent due to hydroxy] ions. 

Further, on account of the fact that the rise of boiling point 
in certain soap solutions is practically all required to account for 
the sodium ions alone (McBain, Trans. Faraday Soc., 1913, 9, 99; 
Kolloid. Zettsch., 1913, 12, 256) the conductivity cannot be wholly 
ascribed to simple palmitate ions. The suggestion we made is that 
we have here a new type of aggregate or micelle the mobility of 
which, owing to the reasons given in the paper cited, is comparable 
with that of a true ion. Of course, further investigations are 
proceeding in this laboratory in order to bring this to the test of 
direct experiment. Incidentally, the above shows, further, that 
undissociated soap is present chiefly or entirely in colloidal form. 

The conductivity data already published for these palmitate 
solutions may now be corrected for the effect of the free alkali 
hydroxide present. This is done in table IV, where are given: 
first, the conductivity due to free alkali hydroxide, calculated from 
the value for infinite dilution deduced in the previous communica- 
tion; second, the equivalent conductivity of the palmitate after 
this amount has been subtracted; and lastly, the ratio between 
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this value and the conductivity of the corresponding acetate at 
the same concentration. 


TaBLe IV. 


Corrected Conductivity of Palmitate Solutions at 90°00°. 


Sodium palmitate. Potassium palmitate. 
MNaOH. Hvar. NaP/NaAc. MKOH. exe. KP/KAc. 

1-ON 1-10 83-6 0-644 0-46 123-7 0-699 
0-75N 1-65 85-8 0-619 1-87 126-0 0-685 
0-5N 2-1 87-4 0-568 38 123-2 0-627 
0-3N 2-7 84-3 0-499 _ —_— — 
0-2N 3-0 79-4 0-444 3-8 107-2 0-496 
0-1N 7-0 75-5 0-387 7-5 99-5 0-421 
0-05.N 12-2 76-4 0-368 12-1 98-7 0-396 
0-02N — —— = 33-5 99-7 0-380 
0-01N 36-0 101-7 0-446 40-6 131-0 0-485 


The results in this table are very interesting. The conductivity 
really due to sodium and potassium palmitates as such is seen to 
pass through an even more decided minimum than that which the 
gross conductivity exhibits. The position of the minimum is 
decidedly displaced towards more dilute solutions. In the case of 
the sodium salt, the minimum in the total conductivity was V/5; 
now the true value is at V/10 at least. Similarly, the minimum 
for the potassium salt has been displaced from V/10 to V/20. 

Again, this rise in conductivity in dilute solutions is significant. 
F. Goldschmidt (Zettsch. Licktrochem., 1912, 18, 392) has hazarded 
the opinion that this rise in dilute solution would prove to be due 
to the free alkali formed by progressive hydrolysis. This view is 
seen not to be correct, for the corrected conductivity rises by no 
less than one-third of its value in both cases between V/20- and 
V/100-solutions. It seems now more likely that this may be found 
to be due to increasing formation of simple palmitate ions on 
dilution, but direct experimental evidence for this has still to be 
obtained. 

Even in comparison with the behaviour of the acetates this rise 
in conductivity in dilute solution is abnormally great, for between 
the concentrations V/20 and V/100 the conductivities of both soap 
solutions increase by one-third, whilst in the case of the correspond- 
ing acetate the increase is less than 10 per cent. Reychler (Kolloid. 
Zeitsch., 1913, 12, 277) has now observed a similar behaviour in 
the case of hexadecylsu!phonic acid, where hydrolysis cannot occur. 

The ratios which the corrected results bear to the conductivities 
of the sodium acetate solutions possess very decided minima for 
the V/20- and V/50-palmitate solutions. Only in solutions above 
N/2 is the conductivity greater than one-half that of the acetate. 
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The lowest ratio for the sodium salts is 0°368 in V/20-solution, but 
this rises by no less than 60 per cent. to a ratio of 0°644 in 
1:0N-solution. Similarly, the minimum ratio for potassium palmi- 
tate, 0°380 in W/50-solution, rises by 85 per cent. to the value 
0°699 in 1°0W-solution; thus, again, potassium palmitate shows 
itself more abnormal than sodium palmitate, since the conductivity 
is very great in concentrated solution, and the minimum is observed 
in very dilute solution. In Figs. 3 and 4 of the last communication 
the position of the corrected curve for the palmitates is indicated 
for V/100-solutions, the point being marked by the letter P on the 
diagram. 

It should be pointed out that there is no apparent connexion 
between the alkalinity and the anomalous form of the conductivity 
curves. The alkalinity curve for sodium palmitate is quite smooth, 
although that for potassium palmitate exhibits a maximum in 
N /2-solution ; but the concentration of the free alkali is much too 
low for this to have any appreciable direct effect upon conduc- 
tivity. 

Lower Soaps, 


For purposes of orientation a few measurements were carried out 
on 0°5016N-solution (weight-normality). The results are given in 
table V. Two electrodes were used in each case. The value for 
NV /2-potassium acetate, which is given for comparison, was obtained 
by assuming the dissociation constant of acetic acid to be 1°2 x 10-° 
and K, to be 49x 10-". The degree of hydrolysis falls off rapidly 
as the homologous series is descended. 


TABLE V. 


Alkalinity of N[/2-Potassium Salt Solutions. 


Hydrolysis 
E. OH’,. OH’... per cent. 
Palmitate (C,,)...... 0-9665 0-00375N 0-00316N 0-63 
Myristate (C,,) .... 00-9609 — 0-00315N 0-00270N 0-54 
Laurate (C,.) ....... 0-9472 0-00204N 0-00177N 0-35 
Decoate (C,,) ....... 0-8987 0-00043N 0-00038N 0-08 
Octoate (C.) ....... 0-8963 0-00040N 0-00036N 0-07 
Acetate (C.,) ......... _- 0-00014N —- 0-03 


Commercial Soaps. 


Results for a few commercial soaps are given in table VI. The 
data refer to solutions at 90° prepared by dissolving 20 parts by 
weight of commercial soap in 80 parts of water; these solutions 
were. solid at room temperature. The list includes some of the 
best known soaps of each type. 
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Tasie VI. 

Alkalinity of Some Commercial Soaps at 90°. 

Soap. OH’,. Remarks. 
(1) Household..............00e000 0-00019N e 

0-00059N 

(2) Household ................65. 0-00099N Constant 
(3) Household .................4. 0-00024N < 
DURES Sparccsencessceesestaedce 0-00012N < 
EE I, Sccccsisarveccedececscces 0-0011N Constant 
EE cnt nicunscnseabdcoagedsctas 0-0019N Constant 
: Sa apecerrerceres 0-0019N Constant 
(8) Shaving Stick ............... 0-0020N Constant 


Not too much weight may be placed on these data, on account 
of the effect of admixtures, and particularly the presence of unsatur- 
ated acids. As F. Goldschmidt (Joc. cit.) pointed out in advance, 
the values must be in many cases too low, owing to reduction 
proceeding at the electrode. In the cases marked < in the table 
the voltage increased during five hours, which shows that the values 
must be inaccurate. The increase in the case of (1) was exception- 
ally great, amounting to 35 millivolts. 

At all events the data are of interest in showing that all soap 
solutions are alkaline, that this alkalinity is less than that of 
sodium palmitate, and that toilet soaps are more alkaline than 


household soaps. 


Sodium Palmitate with Excess of Palmitie Acid. 


The addition of the slightest excess of acetic acid to a solution 
of sodium acetate has a profound effect on the alkalinity of that 
solution; thus an V/10-sodium acetate solution formed at room 
temperature by taking exactly equivalent quantities of sodium 
hydroxide and acetic acid has normally an alkalinity of 
0°000008N-hydroxyl ion. This is reduced ten-fold if an excess of 
only one-twentieth of a per cent. of acetic acid is taken; half a 
per cent. excess makes the solution just neutral, whilst 100 per 
cent. or one equivalent excess gives an acidity of 0°00002N-hydro- 
gen ion, being a total reduction in hydroxyl-ion concentration of 
about sixteen thousand-fold. 

This is altogether different from the behaviour of sodium palmi- 
tate, as shown below in table VII and in Fig. 2. In all cases all 
palmitate colutions are alkaline, even where there is present one 
whole equivalent excess of palmitic acid. 

In table VII two series of experiments are given, one with 
N /20- and the chief series with V/10-sodium palmitate. The con- 
centrations of sodium and palmitic acid radicle are given in weight- 
normality in the first two columns; the excess of palmitic acid is 
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calculated as a percentage deficiency of sodium hydroxide in the 
next column, whilst the other columns have their usual significance. 
No correction was made for diffusion potential. The extreme 
divergence between any duplicate results was 1°5 millivolts, except 
in the cases of the solution with 33°3 per cent. excess, where it was 
4 millivolts, and of V/10-sodium palmitate plus W/10-palmitic 
acid, where both results are given. The hydroxyl-ion concentration 
of pure water at 90° is about 7 x 10-71. 
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of alkali. 
Alkalinity of N/10-sodium palmitate with excess or deficiency of palmitic acid, 


TaBLE VII. 
Effect of Palmitic Acid on Alkalinity of Sodium Palmitate at 90°. 


Deficiency. 

Na. P. Per cent. Number. Voltage. OH’,. 
0-0500N 0-0500N 0- 4 0-9294 0-0011L5N 
0-0495N 0-0500N 1-0 4 0-9260 0-00104N 
0-1000N 0-1000N 0-0 4 0-9348 0-00136N 
0-0990N 0-1000N 1-0 4 0-9274 0-00109N 
0-0950N 0-1000N 5-0 0-9108 0-00063N 
0-1000N 0-1167N 16-7 2 0-8832 0-00026N 
0-1000N 0-1333N 33-3 4 0-8788 0-00023N 
0-1000N 0-2000N 100-0 1 0-8016 0-000024N 
0-1000N 0-2000N 100-0 1 0-8179 0-000040N 


These results constitute a somewhat surprising confirmation of 
the data of McBain and Taylor (Joc. cit., p. 201, footnote 2). 
Entirely from conductivity data for acid sodium palmitate, and 
palmitic acid, and for intermediate mixtures, these authors were 
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led to the result, at that time unwelcome, that such mixtures 
gave a solution containing about 0°002N-dissociated palmitate plus 
000003N-free sodium hydroxide. The last value, obtained for 
N /10-acid sodium palmitate and its mixtures with excess of palmi- 
tic acid, is the average of the two results obtained for this solution 
in the present table. 

The term acid soap, as was explained by McBain and Taylor 
(loc. cit.), does not mean in practice a definite chemical compound 
of constant composition. On the contrary, as Chevreul, Krafft, 
Reychler, and others have shown, a series of amorphous solids is 
obtained, containing less sodium than corresponds with sodium 
palmitate. It may possibly be that such a compound itself exists 
(but see Donnan and White, T., 1911, 99, 1679), but even if so, 
sorption plays so prominent a réle that precipitates may have almost 
any intermediate composition. It is probable that the chief factor 
here is the formation of solid solutions. Sorption thus accounts 
for the conductivity of these mixtures not being quite constant 
or independent of the total amount present. 

It appears from the table that the addition of palmitic acid 
merely means the formation of so much acid soap, and that such 
acid soap alters continuously from the composition of sodium palmi- 
tate to beyond that of sodium acid palmitate ; thus the fundamental 
equation for soap is written: 


Soap + water — acid soap +alkali hydroxide. 


The “solutions” themselves vary from a nearly clear solution 
of the normal salt to a white paste in the case of the decinormal 
acid sodium palmitate. This paste is not much more viscous at 
room temperature than at 90°. 


Sodium Palmitate with Excess of Sodium Hydroxide. 


In calculating the measurements with excess of sodium hydroxide 
it was decided to make allowance for diffusion potential, using the 
value which the sodium hydroxide taken by itself would have 
exhibited. In most cases this amounts to only a few millivolts. 
In table VIII the results are given for three series of measurements, 
of which the chief is again V/10-sodium palmitate; see also Fig. 2. 
The headings of the columns correspond with those of previous 
tables. 


na 


OF SOAP 


CONSTITUTION SOLUTIONS. 


Tanir VITTI. 
Alkalinity in Mixtures with Facess of Sodium Hydroxide. 


Excess. Num- 
Na. P. Per cent. ber. Biv. Bain. EK. rreet. OH’. 


0-0500N 0-0500N 0 4 0-9294 — — 0-00115N 
0:0505N 0-0500N 1 4 0-9328 0-5 0-9333  0-00130N 
0-1000N 0-1000N 0 4 0-9348 — —_ 0-00136N 
0: L010N 0-1000N 1 4 0-9424 1-0 0-9434  0-00188N 
0-1020N 0-1000N 2 2 0-9498 1-6 0:9514 0-00234N 
0:1030N 0-1000N 3 2 0-9535 2-0 0-9555  0-00265N 
0-1060N 0-1000N 6 2 0-9726 3°3 0-9759 0-00512N 
0-1100N 0-1000N 10 2 0-9842 4:8 0-9790 0-00780N 
0-2000N 0-1000N 100 4 1-0461 16-9 1-:0630 0-0828N 

0-4994N 0-4994.N 0 8 0-9497 — — 0-00187.N 
0-5046N 0-4994N 1 2 0-9811 3-3 0-9844 0-00666N 


The significance of these results becomes more apparent when 
they are evaluated as in table IX. Here is given in the fourth 
column for direct comparison the original alkalinity of the sodium 
hydroxide; but it is expressed in volume-normality at 90°, which 
in the presence of V/10-sodium palmitate solution is only 93°89 per 
cent. of the same concentration expressed in weight-normality. 
This divergence is due to the altogether abnormal density of these 
solutions, to which attention has already been directed. The fifth 
column is the observed alkalinity taken from table VIII. The sixth 
column is the alkalinity predicted for the sodium hydroxide in the 
mixture by making allowance for the probable effect of the sodium 
ions of the soap; this has been done with ample accuracy for the 
present purpose by assuming that sodium hydroxide has a dissocia- 
tion constant of 0°5733 and by taking the sodium ions supposed 
to be due to the soap present as 0°05 ; thus for the last column 
the percentage of hydrolysis could be calculated from the difference 
between the fifth and sixth columns. 

Of course, the degree of hydrolysis calculated in this way becomes 
very inaccurate for large additions of sodium hydroxide, for there 
it is a small difference between large numbers; for instance, the 
observed alkalinity of a mixture of ’/10-palmitate and WV /10-hydr- 
oxide is 7 per cent. larger than that of the added hydroxide; this, 
however, could be accounted for by an error of 2 millivolts, which 
would suffice to explain away the 0°54 per cent. hydrolysis caleu- 
lated. For this reason these results were not continued into regions 
of higher alkalinity, although results at much higher concentra- 
tions, both of soap and hydroxide, will be published later. 
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TaBLe IX. 
Mutual Influence of Sodium Palmitate and Sodium Hydrozide. 
Hydro- 
Excess OH’ OH’, OH’ lysis. 
Na. P. Percent. NaOH. observed. predicted. Per cent 
0-0500N -0-0500N — 0-00115 0-0 2-22 
0-0505N 0-0500N 0-00130 0-00130 0-00044 1-88 
0-1000N 0-1000N — 0-00136 0-0 1-28 
0-1010N 0-1000N 0-00091 0-00188 0-00086 0-96 
0-1020N 0-1000N 0-00181 0:00234 0-00172 0-58 
0-1030N 0-1000N 0-00270 0-00265 0-00258 0-07 


0-00537 0-00512 0-00526 ( 
0-00879 0-00780 0-00856 (—0-71) 
0-00815 0-00828 0-00770 ( 

— 0-00221 0-0 0-37 
0-00390 0-00666 0-00357 0-44 


0-1060N 0-1000N 
0-1100N 0-1000N 
0-2000N 0-1000N 1 
0-4994N 0-4994N 
0-5046N 0-4994N 

Table LX shows at once that three or four per cent. excess of 
sodium hydroxide is necessary in order to drive back the hydrolysis 
completely. Further addition of sodium hydroxide has no further 
effect. This result is of interest owing to the former belief in the 
existence of basic soaps; the present data show that they cannot 
exist in appreciable amounts even in presence of excess of free 
alkali. Possibly a small amount of alkali may be sorbed by the 
colloids present, but this is the only sense in which basic soaps can 
be said to exist, and even this can occur only to the extent of a 
few per cent. Corroboration of this view is afforded by the results 
with W/2-sodium palmitate. Here, where the amount of colloid 
present is very great, the effect of added alkali is least evident, 
for it is quite outweighed in this case by experimental error, a 
number of the determinations for the V/2-sodium palmitate alone 
having given low voltages (but see below). 

We are now in a position to appreciate the effect on the alkalinity 
of an error of 0°l per cent. in measuring out sodium hydroxide 
solution to neutralise the weighed palmitic acid. If 0°1 per cent. 
too much is taken for the acid used, the result is that just about 
one-half of this amount of extra hydroxide will be present. This 
is an error of about 0°8 per cent. for an V/100-solution, +4 per 
cent. for an V/10-solution, +12 per cent. for an V/2-solution, and 
+18 per cent. for a NW(sodium)-palmitate solution. These errors 
must then be incurred if the sum of the error in standardising the 
alkali, the error due to imperfect drying of or presence of a higher 
fatty acid or impurity in the palmitic acid, and the error of 
manipulation add up to 0°1 per cent. Neglect of vacuum correc- 
tions in this work would have amounted to much more than this. 

On the other hand, an error of 0°1 per cent. in the opposite 
direction would have much less effect, as shown by table VII, for 
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the effect would be only one-half as great, which is not very serious. 
The solution acts as a so-called “ buffer” or auto-regulating solu- 
tion mainly in the one direction. This behaviour could not have 
been predicted in advance. For this reason, since each separate 
solution was made up specially, although frequently from the same 
materials, there must be a distinct tendency towards high results 
in concentrated solutions. 

Of course, these errors exist quite apart from the measurement 
of the alkalinity, and they must be incurred. In the last resort 
there is no other method of preparation of, say, sodium palmitate, 
for it cannot be crystallised from any solvent without some decom- 
position (see "McBain and Taylor, Joc. cit.), and the proportions in 
which the constituents are put together have to be based on the 
results of analysis. Hence we should regard the falling off in 
hydroxyl concenttation in JV-solutions of the pure potassium 
palmitate as real. As already pointed out, it is for most purposes 
quite sufficient to have merely an approximate measurement of the 
true alkalinity, since its absolute value is only one- or two-tenths 
of a per cent. of the total concentration. 

It is, of course, abnormal for the absolute value of the alkalinity 
to decrease with concentration in this way, although it is a common 
error, for example, in the literature on soap, to state the opposite. 
This arises from a confusion between the percentage hydrolysis 
and the concentration of the hydroxyl ion. The former decreases, 
whilst the latter in the case of electrolytes increases with increase 
in concentration, in the same way as degree of dissociation decreases 
on concentration whilst the concentration of the ions themselves is 
increasing. 

We desire to take this opportunity of emphasising that it is no 
louger possible, in the light of the above results and those of 
McBain and Taylor, to assume the presence of measurable amounts 
of free fatty acid in soap solutions, as many authors have done. 
Palmitic acid is not very weak, but it is extremely insoluble 
(McBain and Taylor, loc. cit.) ; thus a very minute amount formed 
as such would constitute a saturated solution. We have now proved 
by these two methods that palmitic acid cannot exist as such in 
saturated solution unless the alkalinity of the solution has fallen 
to 0°00002N at 90°, or to lower values at lower temperatures. 
Hence it is necessary to suppose that all fatty acids resembling 
palmitic acid which are formed must exist in the form of acid 
soap, and not in the free condition, except for an immeasurably 
small amount. In other words, they must be all dissolved in solid 
solution, adsorbed or chemically combined. 
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Effect of Addition of Sodium Chloride. 


The effect of adding a chloride to a soap solution is first to 
decrease the viscosity. This passes through a minimum, and then, 
on further addition, increases to very high values, as has been 
shown by Farrow (T., 1912, 101, 347) and by F. Goldschmidt 
(loc. cit.). It was of interest to ascertain what is the effect on the 
hydrolysis. 

For this series of experiments a specimen of palmitic acid, 
recovered from residues, but not properly dried, was used; from 
electromotive force measurements at several concentrations it was 
deduced that the soaps made from it contained an excess of about 
0°2 per cent. of free alkali. The series, however, probably suffices 
to exhibit the effect of the addition of salt to soap. Table X 
contains the results obtained with WV /4-sodium palmitate solutions. 
The diffusion potential, 7 «.., allowed for is that corresponding with 
the concentration of sodium chloride present. 


TaBLE X. 


Sodium Palmitate (0°2498N-Na+0°2493N-P) with Sodium 
Chloride at 90°. 


NaCl. 

NaCl. Per cent. Number. Eos Bair. | ier OH’... 
00 0-0 4 0:9493 0-0 0-9493 0:00210N 
0:0757N 30-2 2 0-9367 3:4 0-940] 0 00162N 
0-1105N 44:-] 2 0:9392 41 0-9433 0-00180N 
(-1486N 59-3 3 0-9231 4-7 0-9278 0-00L10N 
0-2900N 115-8 2 0-9054 6-3 0-9117 0-00065N 
0-3517N 140-4 2 0-9119 6-8 0-9187 0-00082N 
0-6155N 245-7 2 0-928] 8-3 0-9364 0-00144N 


Even where the alkalinity observed is least, it is still appreciably 
greater than the excess of sodium hydroxide present, so that 
hydrolysis is never entirely eliminated. 

The concentration where the minimum alkalinity occurs is 
0°29.V-sodium chloride, or 116 per cent. of the concentration of the 
sodium palmitate. This bears no relation to the minimum in the 
viscosity curve, which is found at a concentration four or five times 
smaller. 


Alkalinity at Room Temperature. 


The disadvantage of working at the ordinary temperature is that 
the time factor is of predominant importance. On the other hand, 
it is instructive and even essential to elucidate the nature of these 
changes with the time. A further point which must not be forgotten 
is that even V/20-potassium palmitate solution can no longer be 
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regarded as a solution at room temperature; it is not appreciably 
homogeneous much below 40° (see last communication, loc. cit.). 

For the experiments at 16° to be described, V/10- and 
N /5-potassium palmitate solutions, which had been measured in 
duplicate at 90°, were allowed to cool down in the electrodes, thus 
admitting some air. Seventeen hours later hydrogen was passed in, 
and, an hour later still, readings were commenced. 


TaBLe XI. 


Alkalinity of Potassium Palmitate at Room Temperature. 


N/10. N/5. 


Time in " 


hours. Voltage. OH’,. Voltage., OH’,. Voltage. OH’, Voltage. OH’. 


18-0 0-94 _ 0-91 _ 0-92 _ 
19-8 0-979 000070 -—- _ 0-975 _ 0-990 — 
20-5 0-986 0-00093 0-90 —_ 0:985 0-00089 0995 U-00134 


21:7 0-989 0-00108 0-943 0-00016 0-994 0-00128 0-998 0-00154 
23-8 0-994 0-00128 0-991 0-00114 0-998 0-00154 0-999 0-00158 
40-0 1-004 0-00194 1-003 0-00184 1-003 0-00184 1-002 0-00178 
46-0 1-007 0-00218 1-008 0-00226 1-007 0-00218 1-005 0-00201 
65-0 1-009 0-00235 1-010 0-00244 1-007 0-00218 1006 0-00209 
110-0 1-010 0-00244 1-014 0-00285 1-009 0-00235 1-007 0-00218 
115-0 1-012 0-00264 1-014 0-00285 1-007 0-00218 1-008 0-00226 


The hydroxyl-ion concentrations were evaluated, making use of 
a determination for a cell with 0°1034V-sodium hydroxide at 16° 
which gave a value 1°072 volts; this had to be increased by 
19°6 millivolts to allow for diffusion potential. 

The result given by table XI is that after five days the alkalinity 
of the V/10-paste if potassium palmitate is 0°0027V, and that of 
NV/5 is 0°0022NV. These values, of course, refer to the enmeshed 
liquid phase, and show that it is more alkaline than the corre- 
sponding solution at 90°. These results agree with the direct 
analytical data for sodium palmitate of Krafft and of Reychler 
(loc. cit.), for the liquid phase was found to be composed almost 
entirely of sodium hydroxide, and it contained almost no palmi- 
tate. 

How much of the change observed after, say, twenty-four hours 
is due to change in the soap, and how much is due to very greatly 
retarded attainment of equilibrium with the hydrogen in the 
platinum electrode, it is difficult to estimate, but probably most of 
the increase observed is a real increase of alkalinity with time. 
In a previous paper it was found that the conductivity decreased 
with time, but this may be a mechanical effect due to the solids 
present (compare Kahlenberg and Schreiner, /oc. cit.). This point 
is receiving further attention by the nitrosotriacetonamine method. 

Tt would be misleading to conclude that the alkalinity of the 
38 2 
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solution increases with falling temperature, for the opposite is 
the case; data will be published later. 


Washing Power. 


We cannot refrain from pointing out that the low value obtained 
here for the alkalinity of soap solutions is a further sign that the 
detergent action of soaps is not a direct chemical action, but is, on 
the contrary, physical in nature. The saponification of fatty 
matter is not a fast reaction even in boiling alkali. Striking 
further proof, if such were needed, is afforded by the existence of 
detergent action in the case of Reychler’s (/oc. cit.) “hydrogen 
soap,” hexadecylsulphonie acid. 


Summary. 


(1) From electromotive-force determinations the dissociation 
product of water at 90° is calculated to be 69°7 x 10-"4; this result 
is chiefly of interest in discussing the high real temperature-coeffi- 
cient of the hydrogen electrode which is ignored by recent conven- 
tion. 

(2) The hydrolysis and true alkalinity of soap solutions has been 
quantitatively determined for the first time. In concentrated 
solutions hydrolysis amounts to only a fraction of a per cent., 
and even in 0°01N-sodium or potassium palmitate it only amounts 
to 6°6 per cent., and thus the high conductivity of soap solutions 
is definitely shown not to be due to free alkali. The novel sugges- 
tion is advanced that it may be due to highly-charged aggregates 
or micelles exhibiting even an equivalent conductivity comparable 
with that of ordinary ions (see McBain, loc. cit.). This suggestion, 
if confirmed, may apply to such diverse cases as protein salts, dyes, 
and certain non-aqueous solutions.* 

(3) In the presence of even one equivalent of free palmitic acid 
soap solutions are still appreciably alkaline. On the other hand, 
the alkalinity of solutions containing an excess of alkali is practi- 
cally that of the added alkali. There is thus no measurable 
sorption or formation of basic soap in the presence of 0°1N-alkali. 

(4) Sodium chloride at first decreases, but in larger amounts 
again increases the alkalinity of soaps, in accordance with the 


* The point which has been rendered probable is the existence of heavily 
hydrated ionic complexes of high valency and good conductivity ; whether these 
should be called colloidal ions or not may be a matter of opinion. We ask for a 
reasonable time in which to obtain direct measurements of the concentration of 
sodium ions present in these solutions. 
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suggested rule that any influence tending towards coagulation 
increases the alkalinity of these solutions. 


In conclusion, we desire to express our thanks to the Colston 
Society of the University of Bristol for a generous grant towards 
the purchase of materials and apparatus. 
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XCIII.—Syntheses with Phenol Derivatives Containing 
a Mobile Nitro-group. Part VI. Substituted 
Alkyl- and Aryl-phenylamines : Colour in Relation 
to Tautomerism. 

By RapuHaEL MELpoLa and WILLIAM Francis HOoL.ety. 


In former communications relating to the above series of syntheses, 
the last of which was published in 1911 (Meldola and Kuntzen, 
T., 99, 2034), attention has been concentrated mainly on the 
formation of iminazoles and iminazolium compounds and their 
isomeric carbinols by the action of amines on trinitroacetylamino- 
phenol.* Throughout this series of researches the latter compound 


* The effective trinitro-compound employed in all our former researches was the 
2:3: 6-trinitro-p-aminophenol (formerly regarded as the 2 : 3 : 5-trinitro-compound), 
Attempts ha.« been made from time to tim» to obtain trinitro-derivatives of o- and 
m-aminophenol, but hitherto without success. The nitration products of diacetyl- 
m-aminophenol have recently been re-investigated by Reverdin and Widmer (Ber., 
1914, 46, 4066), who have also failed to obtain trinitro-derivatives. These authors 
state that they have been unable to prepare 6-nitro-m-acctylaminophenol as one 
of the products of nitration of diacetyl.m-aminophenol by the method described by 
one of the authors and F. C, G. Stephens in 1906 (T., 89, 925). This compound is 
more soluble, and separates more slowly, than the isomeric 4-nitro-compound which 
is simultaneously formed. If the mother liquor is too dilute og allowed to remain 
for an insufficient time, the 6-nitro-compound may easily be overlooked. That we 
actually had the 6-nitro-compound in hand is proved by our having obtained from 
it the 6-nitro-m-aminophenol, of m. p. 158°, identical with that obtained by Reverdin 
and Widmer by the hydrolysis of the acetyl derivative prepared by their method of 
nitration (Joc. cit., p. 4069). We have repeated the preparation of the two isomerides 
by the original method, and have obtained the same results as before, both as regards 
products and melting points. The discrepancy in the melting points of the mono- 
acetyl derivatives requires clearing up, but the discrepancy of results is possibly due 
to the nitration being carried out by our process at a higher temy erature, namely, in 
an ice-bath instead of in a freezing mixture of ice and salt. Under the latter condi- 
tions both acetyl groups are retained, and the sole product (according to the description 
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has been considered to be the 2:3:5-trinitro-derivative, but later 
evidence (Meldola and Reverdin, T., 1913, 108, 1484) has been 
adduced which has rendered necessary a revision of this formula 
so far as concerns the third nitro-group, which has now been shown 
to be in position 6. We may take the present opportunity, there- 
fore, of pointing out that this revision necessitates a corresponding 
revision of the formulz of the various derivatives as shown below: 


NO, N-X NO, N-X NO, N-X 
“IWS ZNS1 PS r 
HOZ : 20. Y HO, vd 2 VY HO, ’ ) : c<* 
NOK A3 4 NOR 6A wy NO. .ir3;, “OH 
Vw A Vl Ve 
N N N 
/ Z 
HO Z 
5 :7-Dinitro-iminazoles 5 : 7-Dinitro-iminazolium 5:7-Dinuitro-carbinols in- 
instead of 4 : 7-dinitro- compounds instead of stead of 4 :7-dinitro-deriv- 
derivatives. 4 : 7-dinitro-derivatives. atives. 


These formule become of special interest in connexion with the 
colour of certain iminazolium bases (see T., 1911, 99, 1286, 1293), 
of which the hydrated forms are red. The colour of these com- 
pounds is thus seen to be connected with the “quinole”’ structure 
assigned to the coloured hydrates of the quinone-ammonium com- 
pounds (T., 1912, 101, 918), the parallelism between the two series 
being now complete: 


HO OH HO OH 
J i 
NO, \NO, or NO, \:NO-0 
i % e 
N(CH,), N(CHs)5- 
Quinone-ammonium hydrate. 

NO, N-X NO, N-X 
HOL/\/\ HON /\/\ 
HO | OY “3 HO | OY 

NO dy, ff O-ON: 
Ni | \/\A 

\ ¥ 

Z Z 


. "Yn anal 
Iminazolium hydrate. 


given in the Berichte) is the 6-nitro-compound. If, as seems probable, at a somewhat 
higher temperature the nitration is accompanied by the removal of the O-acety] 
group, as so frequently happens in such cases, both isomerides may be formed, as in 
our original process. We are able to confirm the statement of Reverdin and Widmer 
that the nitro-derivatives of m-anisidine cannot by any ordinary process be carried 
to a trinitro-stage. The research in this field is, however, in the hands of M. 
Reverdin and his colleagues. 
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Further researches on the quinone-ammonium compounds, which 
are now in progress, will enable us to deal with this part of the 
subject more fully in a future communication. 

In the formation of iminazoles from 2:3: 6-trinitroacetylamino- 
phenol and amines the intermediate products are substituted alkyl- 
or aryl-phenylamines (T., 1906, 89, 1940; 1908, 98, 1660). In 
some cases these intermediate products have been isolated, but 
since with all primary amines the final product is invariably an 
iminazole, the mobile nitro-group is, as shown in former communi- 

’ cations, in position 3: 


OH OH 
NO, wo, 5 NO, NNO, 
*NO sei NH:R 
We / 
NH-CO-CH, NH-CO-CH, 
Intermediate compound. 
O-CH, 0-CH, 
/ no, as /\NE-R 
NO, /NO, NOx /NO, 
WH-CO-CH, NH-CO-CH, 
, It has also been shown (Meldola and Reverdin, T., 1913, 108, 


1490) that in 2:3:5-trinitroanisidine the 2-nitro-group is mobile 
under the influence of amines, and the acetyl derivative of this 
compound might accordingly be expected to give rise to a series of 
substituted alkyl- or aryl-phenylamines under similar conditions 
(see above formule). If in the acetyl derivative it is also the 
2-nitro-group which is mobile, no iminazole formation would be 
possible, and the results made known in the present paper prove 
conclusively that this inference is correct. It will be observed 
from the above formule that in both isomerides the mobile nitro- 
group (marked *) is in the position of maximum instability, 
namely, ortho with respect to one nitro-group, and para with 
respect to the other, thus conforming with the general rule which 
regulates mobility (T., 1906, 89, 923; 1907, 91, 1474). 


} 
Colour in Relation to Tautomerism. 

The chief interest attaching to the present series of compounds 
is the evidence of tautomerism associated with change of colour, 
which is distinctly shown by the substance resulting from the 

\ reaction between 2:3:5-trinitroaceto-p-anisidide and aniline, The 


evidence in this case appears to us to point to the conclusion that 
the groups concerned in this tautomerism are the 3-nitro-group and 
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the 2-phenylamino-group. The reasons which have led us to adopt 
this view are given below: 


0-CH, O-CH, O-CH, 
/\NE-O,H, /\NE-C,H, * iene 
>0 
No, Jo, NOJ_:NO,H No 80 
NH-CO-CH, W-CO-CH, NH-CO-CH, 
(1.) (II.) (III.) 


The compound in question is phenolic in character, as, in fact, 
are all the compounds resulting from the replacement of the 
2-nitro-group by amine residues. This property might be attri- 
buted to the replaceability of the H atem (marked *) in the 
acetylamino-group (formula I). The original trinitroacetoanisidide 
is, however, also phenolic, dissolving in alkaline solutions with a 
deep yellow colour, and being precipitated unchanged by acids.* 
As the original trinitro-compound is colourless and its salts are 
yellow, a structural change on salt-formation probably takes place, 
the configuration shown in formula II being assumed in presence 
of alkali, and the configuration I resumed on acidification (see 
paper by one of the authors and J. T. Hewitt, T., 1913, 108, 881). 
Since the substitution of the phenylamino-group for the 2-nitro- 
group does not interfere with the phenolic character, it is evident 
that the nitro-group in question is not concerned in the production 
of this property of the substance, and formula II may therefore 
be assigned to the compound in alkaline solution, which solution 
is of a deep orange colour. The presence of the phenylamino-group 
in position 2, however, brings in a new character, namely, the 
capability of existence in two distinct coloured forms in the solid, 
crystalline state. As will be seen from the experimental data, the 
free compound can be obtained in ochreous needles or deep red 
scales, the two forms being interconvertible. In accordance with 
all analogies, we consider the highly-coloured red form to possess 
the inner salt structure (III), and the light ochreous form in the 
free state the constitution shown in formula I, both forms probably 
assuming configuration IT in alkaline solution. 

Experimental evidence in favour of this interpretation of the 
observed tautomerism is given in the subsequent part of this 
paper ; thus the disappearance of colour when the hydrogen of the 
phenylamino-group is replaced by acid radicles may be ascribed 
to the destruction of the salt-forming capacity of this group by 


* M. Reverdin, to whom we are greatly indebted for the supply of trinitroaceto-p- 
anisidide used in this research, informs us that the phenolic character of this 
compound has also been observed by himself and M. Bosshard in their laboratory. 
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the suppression of its basic character. The acetyl and nitroso- 
derivatives, which are colourless and respectively identical from 
whichever of the two forms they are prepared, have no doubt the 
normal structures: 
O-CH, O-CH, 
Ff \wacc, H, ff NN(N0)-C,H, 
NO NO, NO NO 
Ps gi 
NH-CO:CH, NH-CO-CH, 
: (IV.) (V.) 
O-CH, 


/ \w(Ac or NO):C,H 


NO, :NO,H 
V7 


‘N-CO-CH, 
(VI.) 

Since these compounds are also phenolic and dissolve in dilute 
alkaline solutions with a yellow colour, it is most probable that 
under these conditions salt formation takes place with the assump- 
tion of configuration VI, as in the case of the unsubstituted pheny]- 
amino-derivatives. 

Another observation recorded in this paper may perhaps be 
regarded as giving additional support to the inner nitrolic salt 
constitution of the red form. It has been found that the trinitro- 
anisidine condenses with monomethylaniline with the elimination 
of the methyl group and the formation of the same compound 
(phenylamino-derivative) as that resulting from the direct action 
of aniline. The details are given in the experimental part, but 
‘ the interpretation is attempted here. 

Supposing the reaction to take a normal course, the product 
would be as shown in formula VII, which represents the compound 


Saas 


' 


O-CH, O-CH, 
/ \N(CH,):C,H; /\:N(CH,)*U,H, 
| NO, 7° 
NO, }NO, DJs :NO 
NH:CO-CH, NH:CO-CH, 
: (VIL) (VIII). 
, as a derivative of methyldiphenylamine. The demethylation takes 


place under the ordinary conditions of formation of the condensa- 

tion product, namely, on heating the trinitroanisidine with excess 

of monomethylaniline at 100°, the reaction being: 
Substituted-phenyl-nucleus-N(CH3;)°C,H, + C;H;"NH°CH;= 
‘ substituted-phenyl-nucleus-NH-C,H,; + C;H,;*N(CHs)>. 
Since the removal of methyl from methyldiphenylamine deriy- 
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atives containing the group -N-CH,°C,H, cannot, under ordinary 

conditions, be effected by simply heating with bases to 100°, it 

seems probable that the nitro-group exerts a loosening influence 

by forming an inner salt, the intermediate compound having the 

formula (VIII) above. The compound would then contain the 
CH, 

group :N-C,H,, from which methyl might be expected to be more 
O- 

readily eliminated. If this interpretation of the reaction between 

the trinitroanisidine and monomethylaniline is correct, the inner 

salt structure suggested receives further confirmation. 

In connexion with the foregoing suggested interpretation of the 
tautomerism observed, we may point out that the methoxy-group 
appears to play an essential part in the production of the pheno- 
menon, since the corresponding compound containing hydroxyl in 
place of the methoxy-group shows no indication of tautomerism. 
It appears also that the phenyl radicle (by virtue of its weight or 
other character?) is specifically concerned in favouring the tauto- 
merism, all the compounds of similar constitution containing 
radicles other than phenyl] existing, at least visibly, in one form 
only. Whether tautomerism is possible in these other cases might 
be decided by a study of the absorption spectra. 


EXPERIMENTAL. 
Action of Aniline on 2: 3: 5-Trinttroaceto-p-anisididc. 


The replacement of the 2-nitro-group takes place on boiling the 
trinitro-compound for three to four hours in alcoholic solution with 
three molecular proportions of aniline. The same product is 
obtained by dissolving the trinitro-compound in excess of aniline 
and keeping the solution at 100° for an hour. The reaction takes 
place also at the ordinary temperature of the air, the transforma- 
tion under this condition requiring several days for completion. 
Whichever process is adopted, the excess of aniline is removed by 
extraction with hydrochloric acid, and the residue washed with 
water until the washings are no longer coloured by aminoazo- 
benzene, the latter compound being formed by the action of the 
eliminated nitro-group on the aniline. The compound crystallises 
from glacial acetic acid in ochreous needles, and from alcohol in 
the same form, or, from more dilute solutions, as a mixture of 
ochreous needles and red prisms. It was this last observation 
which led us at first to suspect that two distinct compounds were 
formed, and each form was examined separately, with the result 
that they were found to be identical in composition and intercon- 


‘ 
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vertible, and could accordingly be regarded as tautomerides. The 
compound is phenolic, dissolving in aqueous alkali with an orange 
colour, and being precipitated unchanged by acids. The phenolic 
character is best shown by dissolving the compound in a little 
dilute alcoholic sodium hydroxide and then diluting with a large 
quantity of water. The substance remains in solution under these 
conditions, and on acidifying (preferably with acetic acid) separates 
slowly as the red modification, consisting of crystalline scales, 
which remain unchanged on drying. The red form is converted 
into the ochreous modification by rapid crystallisation from a 
concentrated alcoholic solution or, with greater certainty, by 
crystallisation from glacial acetic acid. At about 200° the red 
form is also transformed into the ochreous modification, so that the 
melting points of both modifications are practically identical, 
namely, 224—225°, with previous softening. Analyses of various 
preparations are given below, the results indicating that the com- 
pound is: 


3: 5-Dinitro-2-phenylaminoaceto-p-anisidide (=3 : 5-Dinitro-1- 
methoxy-4-acetylaminodiphenylamine) (Formule I, II, and III 
above). 


(1) Compound crystallised from glacial acetic acid; ochreous 
needles. 

(2) The above recrystallised from alcohol; ochreous needles 
separated from red prisms by selection. 

(3) Red modification separated from preceding. 

(4) Red crystals converted into ochreous form by crystallisation 
from acetic acid. 

(5) Red scales obtained from ochreous needles by dissolving the 
latter in alkali and precipitating by acid, as in the process described 
above : 


(1) 0°0786 gave 10°8 c.c. Nz (moist) at 18° and 776°4 mm. N=16°22. 
(2)0°0986 ,, 01878 CO, and 0°0364 H,O. C=51:94; H=4:10. 
(3)0°1820 ,, 24:5 c.c. N, (moist) at 17° and 778°2mm. N=16:00. 
(4)0°1002 ,, 0°1912 CO, and 0°0376 H,O. C=52°04; H=4°17. 
(5)0°1017 ,, 0°1944 CO, and 0:0370 H,O. C=52'13; H=4:04. 
0°1050 14°2 c.c. N, (moist) at 11° and 758°7 mm. N=16°10. 
C,,H,,0,N, requires C=52°0; H=4'08; N=16°19 per cent. 


The identity of the two forms is established by these results; the 
formule assignable to the two modifications, respectively, have been 
discussed in the introductory portion of this paper. 

Attempts to hydrolyse this acetyl derivative by acid or alkali 
proved that the acetyl group could not be easily removed without 
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more profound decomposition of the compound taking place. Could 
this hydrolysis be effected, the product would no doubt be the same 
as that produced by the action of aniline on the trinitro-anisidine, 
but the study of this series of derivatives does not come within the 
scope of the present research (Reverdin, Arch. sci. phys. nat., 1910, 
[iv], 29, 480). 

Compounds containing the 4-amino-group in place of the 
4-acetylamino-group do not appear to be so readily susceptible of 
tautomerisation. Some members of this series have been described 
in a former paper (Meldola and Reverdin, T., 1913, 108, 1490). 


3: 5-Dinitro-2-phenylacetylaminoaceto-p-anisidide (Formula IV). 


Both forms are readily acetylated and yield the same compound 
when dissolved in acetic anhydride containing a little concentrated 
sulphuric acid. The product, after precipitation by water and 
removal of the excess of acetic acid by washing, crystallises from 
dilute alcohol in small rosettes of very pale, ochreous needles, melt- 
ing at 240° with previous softening: 

0°0998 gave 12°2 c.c. N, (moist) at 17° and 761°7 mm. N=14°22. 

C,,H,,0;N, requires N =14°43 per cent. 


3: 5-Dinttro-2-N-nitrosophenylaminoaceto-p-anistdide (Formula V). 


The phenylamino-compound is suspended in cooled glacial acetic 
acid, and solid sodium nitrite added in small quantities until a 
clear solution is obtained. After standing for about an hour, the 
nitrosoamine is precipitated by the addition of water, collected, 
and washed and crystallised from dilute aleohol. The compound 
crystallises in nearly colourless scales, which have no definite melting 
point, but begin to decompose at about 140°, and fuse finally at 
158—166°: 
0°0945 gave 15°4 c.c. N, (moist) at 18°5° and 750°5 mm. N=18°54. 

C,;H,,;0;N,; requires N =18°67 per cent. 

An attempt was made to transform this nitrosoamine into a 
nitroso-derivative according to the well-known method of O. Fischer 
and Hepp: 

—N(NO)-C,H, —> -NH:-C,H,°NO. 

For this purpose, some of the compound was dissolved in alcohol 
saturated with hydrogen chloride, and the cooled solution allowed 
to stand for a day. The product proved to be the original pheny]- 
amino-derivative, so that in this case the alcoholic hydrogen chloride 
does not effect isomerisation, but simply removes the nitroso-group. 
The nitrosoamine dissolves in dilute aqueous alkali with a yellow 
colour, and is precipitated unchanged by acids. 
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The substitution of acid radicles (acetyl and the nitroso-group) 
for the hydrogen of the phenylamino-group thus completely changes 
the colour of these compounds, and prohibits tautomerism. The 
theoretical bearing of this fact and of the phenolic character of the 
acidyl derivatives has been discussed in the introductory portion 
of this paper. It appeared of interest at this stage to consider also 
the special influence of the acid radicle attached to the 4-NH-group 
on the tautomerism. For this purpose the phenylamino-compound 
from aniline and 2: 3: 5-trinitroanisidine (Reverdin, Arch. set. 
phys. nat., 1910, [iv], 29, 480) was benzoylated by treatment with 
benzoyl chloride with the object of obtaining the 4-benzoylamino- 
derivative. The product proved, however, to be a mixture of mono- 
and di-benzoyl derivatives, resulting from over-benzoylation, and 
the experiments in this direction have for the present been dis- 
continued for want of material. 


Action of Benzylamine on 2: 3: 5-T'rinitroaceto-p-anisidide. 


The reaction takes place on boiling the trinitro-compound in 
alcoholic solution with excess of benzylamine for two to three hours. 
The product is isolated by diluting the alcoholic solution with 
water, adding excess of hydrochloric acid, collecting and washing 
the precipitate, and purifying by crystallisation from alcohol. The 
substance crystallises in pale yellow, silky needles, melting at 
198—200°. Analysis proved the compound to be 3: 5-dinitro-2- 
benzylaminoaceto-p-anisidide : 


O-CH, O-CH, 
(NNH-CH,C,H, or in alkaline / \NH-CH,:C,H, 
BON - a NO NOM 
NH’CO-CH, N-CO-CH, 
(I.) (II.) 


0°1013 gave 0°1968 CO, and 0°0410 H,O. C=52°98; H=4'49. 
00774 ,, 10°4c.c. No (moist) at 19° and 7679 mm. N=15°61. 
C,gH,,O,N, requires C=53°30; H=4°48; N=15°56 per cent. 
So far as visible difference of colour reveals tautomerism, this 
compound appears to be homogeneous in the solid state, no modifi- 
cation being producible by different methods of crystallisation. Its 
phenolic character is shown by its dissolving in dilute alkali with 
a yellow colour, and being precipitated unchanged by acids. The 
change of colour in presence of alkali suggests for the “ phenolic” 
salt the constitution shown in the second of the above formule. 
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Action of p-Toluidine on 2: 3: 5-Trinitroaceto-p-anisidide. 


The trinitro-compound was dissolved in an excess of fused 
p-toluidine, and the solution kept at 100° for two to three hours. 
Purification was effected in the usual way, by dissolving out the 
excess of toluidine with hydrochloric acid and crystallising the 
residual product from alcohol. The compound crystallises in long, 
silky needles of an ochreous colour ; the melting point is 210—211°: 
0°1108 gave 14°7 c.c. N, (moist) at 16°5° and 773°38 mm. N=15°71. 

C,¢H,,0,N, requires N=15°56 per cent. 

The substance is accordingly 2: 3-dinitro-2-p-tolylaminoaceto-p- 

anisidide, and the usual constitutional formula may be assigned : 


O-CH, O-CH, 

/\NH-C,H,(p) sai \NE-C,Hi(p). 
NOL NO, NO, NOM 

NH:CO-CH, N-CO-CH, 


No tautomerism of the crystalline solid was observed in this case, 
the p-tolyl group apparently being incapable of conferring stability 
on the “inner salt’”’ (red) modification. The phenolic character is 
less pronounced than in the corresponding compound from aniline, 
as the compound does not dissolve so freely in aqueous alkali. It 
can, however, be brought completely into solution by means of a 
little alcoholic sodium hydroxide, and subsequent dilution with 
water. The alkaline solution is deep orange in colour, and the sub- 
stance is precipitated unchanged by acids. 

The acetyl derivative was prepared by the action of acetic 
anhydride and sulphuric acid in the usual way. It crystallises from 
alcohol in small, colourless prisms, melting at 154—155°: 

00671 gave 8 c.c. N, (moist) at 15° and 753°3 mm. N=13°86. 

C,,H,,0,N, requires N=13°93 per cent. 


The mobility of the 2-nitro-group under the influence of primary 
amines having been sufficiently established by the foregoing results, 
experiments were continued with secondary and tertiary amines. 
In the case of the latter, there was no reason to expect any action 
unless, as seemed improbable, the aromatic nucleus of the amine 
were directly attacked and substitution effected at the para-position, 
as when nitrous acid acts on tertiary amines containing an un- 
substituted aromatic nucleus. An experiment in which methyl- 
ethylaniline was used as a tertiary base showed that no action takes 
place in this case; the trinitro-compound was heated to 100° for 
many hours with excess of the base, but was recovered unchanged 
at the end of the process. If heated to a higher temperature, com- 
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plete decomposition takes place, with the production of indefinite 
resinous substances. With secondary amines, however, the reaction 
readily occurs, as shown by the following cases: 


Action of Dimethylamine on 2: 3: 5-Trinitroaceto-p-anisidide. 


The reaction was effected in precisely the same way as with 
benzylamine, and the product purified by similar treatment. The 
compound is 3: 5-dinitro-2-dimethylaminoaceto-p-anisidide : 


NH-CO-CH, 


It is phenolic in character, dissolving in dilute alkali with a 
yellow colour, and being precipitated unchanged by acids. It 
crystallises in yellow needles, melting at 204—205°: 
0°1029 gave 0°1662 CO, and 0°0438 H,O. C=44:05; H=4°73. 
01316 ,, 22 cc. N, (moist) at 19°5° and 750°3 mm. N=18'92. 

C,,H,,O,;N, requires C=44°27; H=4'73; N=18°79 per cent. 

There is no indication of tautomerism in the present case, the 
crystalline form remaining homogeneous under all conditions. In 
view of the facility with which demethylation takes place in the 
case of the methylphenylamino-compound from monomethylaniline, 
described further on, it became of interest to ascertain whether 
demethylation could be effected by the action of aniline on the 
above compound. Under no conditions, however, could one of the 
methyl groups be removed, the compound remaining unchanged 
even when boiled for a short time with aniline. The interpretation 
of this observation in terms of the hypothesis suggested is that the 
group *N(CHs), is less favourable to inner salt formation than the 
group ‘N(CH;)-C,H;. The absence of tautomerism in the present 
case is in harmony with the view that the compound exists only 
in the form shown in the above formula, a view which is com- 
pletely borne out by the colour, namely, yellow. 


Action of Piperidine on 2: 3: 5-Trinitroaceto-p-antisidide. 


The decomposition in this case was effected by dissolving the 
trinitro-compound in excess of piperidine, and keeping the solution 
at 100° for about an hour. Purification was effected by acid extrac- 
tion, as before. After crystallisation from dilute alcohol, the com- 
pound consists of minute, ochreous needles, which dissolve with a 
yellow colour in dilute alkali, but not so freely as the foregoing 
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compounds, the phenolic character being less pronounced. 
substance is 3: 5-dinitro-2-piperidylaceto-p-anisidide : 


NH:CO-CH, 
0°1140 gave 16°3 c.c. N, (moist) at 18°5° and 767°4 mm. N=16'63. 
C,,H,,0,N, requires N=16°57 per cent. 

This compound shows marked peculiarity on heating. It fuses 
at about 138°, and then partly solidifies again, melting finally at 
171—173°. It is possible that this behaviour on heating is con- 
nected with a tautomerisation which is not possible at lower 
temperatures, the crystals obtained from alcohol, etc., being always 
homogeneous. The phenomenon was equally pronounced in a speci- 
men specially purified by alkaline extraction, filtration, precipita- 
tion by acid, and crystallisation from alcohol. 


Action of Monomethylaniline on 2: 3: 5-Trinitroaceto-p-anisidide. 


A solution of the trinitro-compound in excess of monomethylaniline 
was kept at 100° for about three hours, the product being isolated 
by acid extraction in the usual way. On crystallising from alcohol, 
the first crops of crystals proved to be unchanged trinitro-com- 
pound, showing that the reaction was incomplete. The mother 
liquor after concentration was therefore diluted with water, the 
precipitate collected and washed, and then warmed for some time 
with dilute sodium hydroxide, so as to decompose any unchanged 
trinitro-compound which might remain in admixture with the pro- 
duct of the reaction.* The latter was recovered from the alkaline 
solution by precipitation with acid, and, after being collected and 
washed, purified by crystallisation from alcohol. A deposit of 
mixed crystals of ochreous needles and red scales was thus obtained, 
and it was at first concluded that the methylphenylamino-deriv- 
ative had the same property of tautomerism as the compound from 
aniline itself. Analysis and further examination showed, however, 
that the product was the same as that previously obtained by the 
action of aniline on the trinitro-compound, the identity being 
proved by the melting point, namely, 224°, and the transformation 


* The original trinitro-compound dissolves in cold dilute alkali without decom- 
position. If, however, the solution is warmed for some time decomposition takes place 
with the formation probably of an acetylamino-guaiacol derivative. The latter is 
soluble in water and is thus retained in the mother liquor when the main 
product is precipitated by acid. The reaction could, no doubt, be completed 
by longer heating of the solution of the trinitro-compound in monomethylaniline. 


DERIVATIVES CONTAINING A MOBILE NITRO-GROUP. 989 


of the red into the ochreous form at 200°. <A mixture of the 
crystals with some of the original aniline (phenylamino-) compound 
had the same melting point: 


0°0924 gave 12°8 c.c. N, (moist) at 17°5° and 764 mm. N=16'12. 
C,;H,,0,N, requires N=16'19 per cent. 


As it was thought probable that this result might be due to the 
presence of aniline in the methylaniline, the experiment was re- 
peated with a specially purified specimen of monomethylaniline, 
purification of the latter being effected by fractional distillation. 
The purity of the base was proved by acetylating a portion and 
taking the melting point of the acetyl derivative. The crystals 
obtained, without further purification, had the melting point of 
; methylacetanilide (101—102°), so that the specimen used was quite 
. free from aniline. The mechanism of the process of demethylation 
has been discussed in the introductory portion of this paper. We 
may add that an attempt to obtain a methylphenyl derivative by 
the direct methylation of the phenylamino-compound led to a 
negative result. 


Action of Aniline on 2: 3: 5-Trinitro-p-acetylaminophenol. 


The trinitro-compound was prepared by the method described in 
a former paper (Meldola and Reverdin, T., 1913, 108, 1492). As 
the yield is not very good, and the initial 3: 5-dinitrodiacetyl-p- 
aminophenol somewhat difficult to prepare, we have had but a small 
quantity of material at our disposal, and the results made known 
must be regarded as a preliminary contribution to this part of the 


subject. 
| The trinitro-compound is more sensitive towards bases than the 
F corresponding trinitro-anisidine, since heating with aniline to 100° 


for a short time results in complete decomposition, with the forma- 
tion of resinous products. A definite product was obtained by 
allowing aniline to act on the trinitro-compound at the ordinary 
temperature for some days, and then isolating the product by acid 
extraction, as before. The compound was further purified by solu- 
tion in dilute alkali, filtration, and precipitation by acid. It 
crystallises from dilute alcohol in orange prisms, melting and de- 
composing at about 214—216°: 


0°1293 gave 19°5 c.c. Nz (moist) at 19° and 7515 mm. N=17°'13. 
C,,H,,.O,N, requires N=16°87 per cent. 

The compound is distinctly phenolic, dissolving in aqueous alkali 

with a yellow colour. The chief interest attaching to this 
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3: 5-dinitro-2-phenylamino-p-acetylaminophenol, from the point of 
view of the present research, is that the substitution of hydroxyl 
for the methoxy-group appears to destroy the faculty of tauto- 
merisation. 


City AND GuILDs oF LONDON INSTITUTE ; 
FInsBuRY TECHNICAL COLLEGE. 


XCIV.—Menthyl Esters of Chloroacetic, Menthoxyacetic, 
and Methylanilinoacetic Acids. 
By Percy Farapay FRaNKLAND and FRED Barrow. 


In the investigation of the relationship between optical activity 
and chemical constitution the want is often felt of an optically 
active acid chloride which does not easily undergo racemisation. 
Although a few active acid chlorides are known, most, if not all, 
readily racemise. This is, no doubt, to be referred to the circum- 
stance that the asymmetric carbon atom is usually in the a-position, 
and, therefore, eminently predisposed to the occurrence of intra- 
molecular movements. It was thought that this difficulty might 
be overcome by the production of an active acid chloride in which 
the asymmetric carbon was more remote from the carboxyl group. 

In order to realise such an arrangement, attempts were made to 
prepare menthoxyacetic acid, C,)H,)°O°CH,*CO,H. Menthol itself 
is very stable, both towards acids and alkalis, and shows very little 
tendency to racemisation; thus we have found that on converting 
it into sodium menthoxide, by boiling its solution in toluene with 
metallic sodium, the menthol on regeneration is found to have 
suffered no loss of activity (compare the complete racemisation of 
amyl] alcohol by sodium, P. F. Frankland and T. S. Price, T., 1897, 
71, 256). It was, therefore, to be anticipated that this stability 
would be maintained in menthoxyacetyl chloride, 

C,,H,,0°CH,*COCI. 

In the first attempt to prepare menthoxyacetic acid, menthol in 
ethereal solution was converted, by means of magnesium ethyl 
bromide, into menthoxy-magnesium bromide, the latter being then 
heated with ethyl chloroacetate. The reaction did not, however, 
proceed as we had expected: 

C,)H,,0°MgBr + CICH,*CO,Et= 

C,,H,,0°CH,°CO,Et + MgBrCl, 


but yielded only menthyl chloroacetate. A similar result was also 


7 pa, 


= 


SRA LPN. 


x 
F 

i 
Pt 
| 
¥ 


if 
: 
2 
: 
4 
4 
q 
a 
8 
: 
4 
4 


wt etl Ses 


CHLOROACETIC, MENTHOXYACETIC, ETC., ACIDS. 991 


obtained by heating sodium menthoxide with ethyl chloroacetate. 
On the other hand, by acting on menthy! chloroacetate with sodium 
menthoxide, the desired result was obtained, menthyl menthoxy- 
acetate being formed: 

Cy 9H jy°ONa + CICH,*CO,°C,9H jg = 

C9 Hy9°O*CH,°CO,*C, 9H yy + NaCl. 

Menthoxyacetic acid itself was subsequently prepared by P. F. 
Frankland and H. H. O’Sullivan (T., 1911, 99, 2329), by whom a 
number of its derivatives were described. 

Menthy] chloroacetate also readily reacts with secondary amines, 
forming substituted aminoacetic esters (glycine esters) : 

2R,R.NH + CICH,*CO,°C,, Hy) = 

R,R,N*CH,°CO,°C,)H i) + NHR, R,,HCI. 

In this way we have prepared menthyl methylanilinoacetate from 
methylaniline and menthyl chloroacetate.* 

Further, owing to the great stability of menthyl esters, primary 
amines also react with menthyl chloroacetate, giving rise to mono- 
substituted aminoacetates: 

2RNH, + CICH,°CO,°C, 9H jg= 

RNH-CH,°CO,°C,)H 1) + NH,R,HCI. 

We have thus reacted with o-toluidine on menthyl chloroacetate. 

Menthoxyacetyl chloride, C,9H,,0*CH,*COCI, has been subse- 
quently prepared in this laboratory (P. F. Frankland and Gordon 
Smith) as a colourless, fuming, strongly levorotatory liquid, boiling 
at 128—131°/11 mm. The reactions carried out with it will be 


described later. 
EXPERIMENTAL. 


Action of Magnesium Ethyl Bromide on Menthol.—A solution of 
magnesium ethyl bromide was prepared from 5°5 grams of ethyl 
bromide, 1°2 grams of magnesium, and 20 grams of ether, and to 
this 7°0 grams of menthol dissolved in 20 grams of ether were 
slowly added, the mixture being kept cool with running water. A 
strong evolution of ethane took place, but no magnesium compound 
separated. After heating for half-an-hour on the water-bath, the 
liquid was poured into water, and dilute sulphuric acid added. The 
ethereal solution was separated, washed with water, and dried with 
potassium carbonate. On evaporation, 7 grams of menthol were 
recovered, of which 2°2804 grams dissolved in ethyl alcohol and 
made up to 20 c.c., gave: 

az —5°73°; 1=99°9 mm.; [a]? —50°3°; [M]> —78°5°. 
* Similarly, Einhorn and Jahn have prepared the compound 
N(CgH5)o°C Hy"CO,°C) 9 Hyg 
by the action of diethylamine on menthy! chloroacetate at the ordinary tempera- 
ture, but no rotation value is given (Arch. Pharm., 1902, 240, 644). 
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The activity of the menthol had thus suffered no change by trans- 
formation into and recovery from menthoxy-magnesium bromide. 

Action of Menthoxy-magnesium Bromide on Ethyl Chloroacetate. 
—A solution of menthoxy-magnesium bromide was prepared as 
above described, using 15°6 grams of menthol. To this solution 
12°25 grams of ethyl chloroacetate were slowly added, the mixture 
being afterwards heated to boiling for three hours. No visible 
reaction accompanied the addition of the ethyl chloroacetate. After 
distilling off the ether, the residue was heated for half-an-hour on 
the water-bath and then decomposed with dilute sulphuric acid. 
The oil which separated was extracted with ether and dried over 
potassium carbonate. After driving off the ether, the residual oil 
was fractionated, 9 grams, boiling at 137—-141°/14 mm., being 
obtained, and this solidified on seeding with a crystal of menthy] 
chloroacetate, which it resembled in every respect. It melted at 
38—40°, and had aj —37°80° (J=49°92 mm.) and —75°72° (J=1). 

Action of Sodium on Menthol.—Twenty grams of menthol, dis- 
solved in 60 grams of toluene, were heated to boiling with 3°5 grams 
of sodium wire for eight hours, when about two-thirds of the sodium 
had disappeared. The solution was then poured off from the excess 
of sodium into water. The toluene, containing the menthol in 
solution, was separated, and dried over potassium carbonate. On 
subsequent distillation, after the toluene had passed over, the 
menthol distilled at 108°/20 mm.: 


2°0536 grams, dissolved in ethyl alcohol to 20 c.c., gave ap’ —5°09° 
(L=99°9 mm., c=10°268) ; [a> —49°62°. 


Thus the menthol had undergone no racemisation by transforma- 
tion into and recovery from sodium menthoxide (see also Haller, 
Compt. rend., 1904, 138, 1665). 

Action of Sodium Menthoxide on Ethyl Chloroacetate.— 
3°5 Grams of sodium were heated for fifteen hours with a solution 
of 23 grams of menthol and 50 grams of toluene. The solution was 
poured off from the small quantity of undissolved sodium, and 
18 grams of ethyl chloroacetate were slowly added to it, after which 
the mixture was heated for six hours on the water-bath. On 
pouring into water, the toluene solution was separated, and dried 
with potassium carbonate. On distilling under reduced pressure, 
toluene and unaltered ethyl chloroacetate passed over first, then 
some menthol at 102—135°, and finally a small quantity of a colour- 
less oil at 135—140°/12 mm. The latter contained chlorine, and 
had the boiling point and characteristic odour of menthyl chloro 
acetate. 

Preparation of Menthyl Chloroacetate.—One hundred and twenty 
grams of menthol and 50 grams of chloroacetic acid were melted 


21 AAA AR MT ae Siesaasicn ge tml 


aE 


CHLOROACETIC, MENTHOXYACETIC, ETC., ACIDS. 993 


together and saturated with dry hydrogen chloride. After heat- 
ing for two and a-half hours on the water-bath, a small quantity of 
water formed in the reaction separated out. This was removed, and 
the mixture again saturated with hydrogen chloride, and heated for 
two hours. After separating a further small amount of water, the 
liquid was distilled, and the fraction boiling at 135—138°/12 mm. 
collected separately. On redistilling, 75 grams of menthyl chloro- 
acetate, boiling at 137°/12 mm., were obtained as a colourless oil 
possessing a menthol-like odour and rapidly solidifying to a white, 
crystalline mass. The ester, by crystallisation from alcohol, was 
obtained in colourless, flat prisms, melting at 39—41°. The rotation 
in methyl alcohol solution was: 
p=10°002 ; d 20°/4°=0°8191 ; 7=199°84 mm.; ap —12°77°; 
fa]? —78:00°; [M]> —181°4°. 

The rotation was also determined in the fused state. The follow- 
ing density determinations were made: 
d 38°2°/4° 1°0234; 258°5°/4° 1°0052 ; d67°5°/4° 0°9971; 

d@ 95°/4° 0°9735. 


Rotation of Menthyl Chloroacetate. 


(1=49°92 mm.) 
t. dt°/4°. a’. [a]. (Mj. 

13-5° 1-045 — 39-93° — 76-54° —178-0° 
22-3 1-036 39-33° 76-04 176-8 
33-0 1-027 38-78 75-64 175-9 
44-0 1-017 38-16 75-16 174-7 
57-0 1-006 37-55 74:77 173-8 
70-0 0-995 36-97 74-43 173-0 
99-5 0-969 35-63 73-66 1712 


Menthyl chloroacetate appears to have been first prepared by 
Einhorn and Jahn (Arch. Pharm., 1902, 240, 644), who found it 
to melt at 38°, but give no rotation value. It has also been 
prepared by Tschugaev (J. Russ. Phys. Chem. Soc., 1902, 34, 606), 
who gives d 20°/4° 1°0564 and [a]? —73°86°, |M]? --171°2°. 


Menthyl Menthoxyacetate, C,)H,ygO°CH,*CO,*C,)Hy9. 


A toluene solution of sodium menthoxide was mixed with the 
calculated quantity of menthyl chloroacetate dissolved in a little 
toluene ; after being boiled for thirty hours in an oil-bath, the liquid 
became dark in colour and sodium chloride separated as a jelly. 
On pouring into water, the toluene layer was separated, washed, 
and dried over calcium chloride. The toluene was distilled off, and 
the residue fractionated under reduced pressure. A mixture of 
menthol and menthyl chloroacetate passed over at 100—145°/ 
12mm. On raising to a higher temperature, decomposition began. 
The dark brown residue solidified on cooling, and, by fractional 
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separation from hot alcohol, it yielded small, colourless, flat prisms 
of menthyl menthoxyacetate, melting at 61°. 

This compound has been further investigated by Mr. Gordon 
Smith, who obtained the following figures: 


0°1374 gave 0°3778 CO, and 0°1445 H,O. C=74°97; H=11°68. 
Cy2H 4,03 requires C=75°00; H=11°36 per cent. 
Rotation in methyl-alcoholic solution: c= 2°208; /=2; a}—4°93°; 
[a]p—111°7°; [MJ], —393°2°. 


Menthyl Methylanilinoacetate, C,H;*N(CH;)*CH,*CO,*C, 9 Hyp. 


A mixture of 23°2 grams of menthyl chloroacetate and 21°6 grams 
of methylaniline (2 mols.) was heated for half-an-hour on the water- 
bath without any apparent reaction. On gradually raising the 
temperature of the mixture to its boiling point, a reaction took 
place which maintained the liquid in ebullition for some five 
minutes. A gentle heat was maintained for about ten minutes 
more. The mixture, which had separated into two layers, was 
poured while still warm into water, and a little hydrochloric acid 
added. The whole was gently heated for a few minutes on the 
water-bath in order to dissolve out the methylaniline hydrochloride. 
The oil which separated out was extracted with ether and dried over 
sodium sulphate. After evaporation of the ether, the amino-ester 
was obtained as a yellowish-green oil, which on standing and seeding 
with a nucleus from a previous preparation * partly crystallised. 
The crystals (15 grams) were filtered off from the oil, and recrystal- 
lised from alcohol. The menthyl methylanilinoacetate was thus 
obtained in small, colourless, square plates or octahedra, melting at 
83°5—84°5°. It becomes yellow on keeping, and is readily soluble 
in alcohol, light petroleum, chloroform, etc. 

The oil from which the first crop of crystals had been obtained 
was heated under reduced pressure (14 mm.) to 170° in order to 
remove unaltered methylaniline and menthyl chloroacetate. The 
residue on cooling was recrystallised from alcohol, a further crop of 
crystals (7 grams) being obtained. 

The rotation in methyl-alcoholic solution was: p=4°9996; 
1=199°84 mm.; d20°/4°=0°8089; af —4:15°; [a]? —51°35°; 
[M]p —155°6°. 

CHEMICAL LABORATORIES, 


UNIVERSITY, EpGBASTON, 
BIRMINGHAM. 


* In a preliminary experiment the ester, after evaporation of the ether, did not 
crystallise. It was distilled at 210°/11 mm., and the pale yellow oil thus obtained 
readily crystallised on standing. 
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XCV.—The Relative Strengths of Ammonium and the 
Substituted Ammonium Hydroxides, as Measured 
by their Action on a Pseudo-base. Part I. 


By Cuartes KennetH TINKLER. 


In a paper on the constitution of cotarnine (Dobbie, Lauder and 
Tinkler, T., 1903, 88, 598), it was shown that in the presence of 
water the colourless form of cotarnine (I) was converted into the 
yellow modification of the substance (II), and that under the 
influence of a soluble base this yellow modification is reconverted 
into the colourless form. 


—-- water . 

Com CH, ie C,H,0,< 082 ¢ He 
CH(OH)-NMe <__... CH=N Me:OH 
(I.) (IL) 

It was further shown by the same authors (T., 1904, 85, 121) 
that this reaction afforded a means of comparing the relative 
strengths of soluble bases, since it is possible to determine spectro- 
scopically the amount of change produced by a given concentration 
of soluble base. 

This conversion of ammonium base into carbinol was explained 
by means of the theory of the diminution of dissociation produced 
on mixing solutions of two electrolytes containing a common ion. 
On the addition of excess of a soluble base to a dilute solution of 
cotarnine, the dissociation of the ammonium form of the substance 
is diminished, and the substance then passes into the undissociated 
carbinol form, until equilibrium is restored. It is, however, 
immaterial for the present purpose what is the constitution of the 
pseudo-base, in either water alone or in the presence of excess of 
soluble base. The conversion of one form into the other depends 
on the presence or absence of hydroxyl ions, and if the concentra- 
tion of these ions is known for a given solution of a particular 
soluble base, it may be inferred that, where a solution of another 
base produces the same amount of pseudo-base transformation, the 
concentration of hydroxy] ions in the second solution of soluble base 
is the same as that in the first. 

In the work described in the present paper, certain modifica- 
tions of the previous procedure have been adopted. The base 
employed was the substance obtained by Pyman (T., 1909, 95, 
1266) by the oxidation of laudanosine, and represented by him as 


C,H,05 
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the open-chain aldehyde, 4: 5-dimethoxy-2-8-methylaminoethyl- 


benzaldehyde (IIT) : 
CH, 
Meo/ \“ Nou, 
ma A NHMe 
CHO 
(III.) 

For convenience, this substance is referred to throughout the 
present paper as the pseudo-base. From its close analogy to 
cotarnine and hydrastinine, and from a spectroscopic investigation 
of the substance, it was represented by the author as a closed- 
chain carbinol iy (T., 1912, 101, 1252): 

pul T. CH,°CH, 
CH, aan ‘NMe . HO On-NMe ‘OH 
iY.) (V.) 

The absorption spectra of the ammonium form of the substance 
(V), which are identical with those of the chloride (VI), are 
somewhat more complicated than those of the corresponding 
cotarnine compounds, and on this account the substance appeared 
to be more suitable for the investigation of the action of soluble 
bases. 

As in the case of hydrastinine, the solutions of the ammonium 
form of the substance and of the salts are fluorescent, and the 
disappearance of this fluorescence, as well as the agreement of the 
spectra with those of the corresponding hydro-compound (VII), is 
an indication of the total conversion of the ammonium form into 
the corresponding carbinol by the action of excess of soluble base: 


CH,°CH, CH, “CH, 
oa 00s OH—N MeCl CsH, s<ou. Me 
(VL) (VII. ‘ 


The absorption curves for the two forms of the pseudo-base are 
given in the paper referred to above. 

An iron-nickel spark was employed as the source of light in the 
present case instead of the cadmium-tin-lead alloy previously used, 
on account of the greater uniformity of the spectrum of the former. 
In the previous investigation, the layers of solution photographed 
were the same for all concentrations of the soluble base, but in the 
present case the thicknesses of layers were varied, the greater 
number of thicknesses of layer being photographed in the region 
where the maximum change in the spectra is apparent, the same 
thicknesses of layers, of course, being photographed for a com- 
parison mixture as were photographed for the particular concentra- 
tion of the soluble base. 
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The strength of the solution of pseudo-base employed was 
N / 2000. 

In drawing the curves representing the relation between the con- 
centration of soluble base and percentage of pseudo-base remaining 
in the ammonium form in the solution, the logarithms of the dilu- 
tion of the soluble base are plotted instead of the actual concentra- 
tion of the base, as, by the latter method, halving the concentration 
in the more concentrated solutions is represented by a greater 
difference in ordinate than in the dilute solutions, whereas by 
plotting the logarithms, halving the concentration is represented 
by the same difference in ordinate throughout the whole range of 
dilution. (Compare Baly’s method of plotting logarithms of thick- 
ness of layer photographed against wave-lengths in drawing 
absorption curves.) 

The solutions of pseudo-base containing soluble base were pre- 
pared by mixing aqueous solutions of the two substances, the result- 
ing solution of pseudo-base being V/2000. For the comparison 
plates for determining the amount of carbinol and ammonium 
forms present, hydrochloric acid solutions of the hydro-compound 
(VII), prepared by electrolytic reduction of the pseudo-base, were 
mixed with aqueous solutions of the pseudo-base containing hydro- 
chloric acid. 

As in the case of cotarnine, it is very much easier to detect small 
differences in the composition of mixtures of the two forms by 
means of the spectrograph when the percentage of ammonium form 
is small. Thus, in the case of mixtures containing a small amount 
of the ammonium form, it is easily possible to detect differences 
of 1 per cent., but at the other end of the series it is difficult to 
recognise differences of 24 per cent. 

The temperature of all the solutions photographed was 15°. 

The following table shows the relation found between the con- 
centration of the various soluble bases and the percentage of the 
pseudo-base remaining in the ammonium form: 


Concen- 

tration 

of 

soluble . 

base. NH,OH. NH,Me-OH. NH,Me,-OH. NHMe,°OH. NMe,OH. NaOH. 
N 50-0 — 12-5 40-0 — mets 
N/2 57-5 22-5 22-5 50-0 — — 
N/4 65-0 30-0 27-5 60-0 — — 
N/8 75-0 42-5 40-0 77-5 _— — 
N/16 85-0 52-5 50-0 90-0 10-0 10-0 
N/32 — 65-0 62-5 —_— 19-0 19-0 
N/64 — 80-0 75-0 — 32-5 32-5 
N/128 — 90-0 85-0 — 50-0 50-0 
N/256 —_ — — — 65-0 65-0 
N/512 — — _ — 90-0 90-0 
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The above relations are expressed graphically in the accompany- 
ing diagram. 

The ordinates represent the logarithms of the volume of solution 
containing one gram-equivalent of the soluble base, and the 
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Percentage of pseudo-base remaining in ammonium form. 


abscisse represent the percentage of the pseudo-base remaining in 
the ammonium form. 


Discussion of Results. 


As previously mentioned, it is assumed that in solutions of soluble 
bases which produce the same amount of pseudo-base transforma- 
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tion, the concentration of hydroxy! ions is the same. By finding, 
therefore, from the smoothed curves the concentration of a solu- 
tion of sodium hydroxide which produces the same effect as a given 
solution of ammonium or substituted ammonium hydroxide, and 
calculating the concentration of hydroxyl] ions in this solution of 
sodium hydroxide, from its concentration and fraction of dissocia- 
tion, obtained from conductivity data, the concentration of 
hydroxyl ions in the solution of ammonium or substituted 
ammonium hydroxide may be found, and hence its degree of 
dissociation. 

Thus, for example, the concentrations of the soluble bases in 
solutions in which the pseudo-base exists as 50 per cent. ammonium 
base and 50 per cent. carbinol are as follows: 

1:0NV-ammonium hydroxide; 0°074N-methylammonium _hydr- 
oxide; 0°0603N-dimethylammonium hydroxide; 0°5/-trimethyl- 
ammonium hydroxide; 0°00783N-tetramethylammonium hydr- 
oxide; and 0°00783N-sodium hydroxide. 

In 0°00783N-sodium hydroxide, the sodium hydroxide is dis- 
sociated to the extent of 97 per cent. (this result is obtained by 
interpolation from the measurements of Noyes on the conductivi- 
ties of sodium hydroxide solutions, Publications of the Carnegie 
Inst. of Washington, No. 63, 1907, p. 268). 

The concentration of hydroxyl ions in such a solution of sodium 
hydroxide is thus 0°00783N x 0°97 =0°0076N. 

Since, on the above assumption, this is also the concentration of 
hydroxyl ions in a normal solution of ammonium hydroxide, the 
degree of dissociation in the latter is 0°0076, or in normal solution 
ammonia exists as 0°76 per cent. dissociated ammonium hydroxide. 

Similarly, methylammonium hydroxide in 0°074N-solution would 
appear to be core 0108, or 10°3 per cent. dissociated ; dimethy]l- 
0:0076 
00603" 
dissociated ; and trimethylammonium hydroxide in 0°5N-solution, 
0:0076 

05 

Moreover, since the 0°00783N-solutions of tetramethylammonium 
hydroxide and sodium hydroxide produce the same effect on the 
pseudo-base, the degree of dissociation of the former would be the 
same as that of the latter. 

Having obtained the degree of dissociation for the various solu- 
tions, the dissociation constants for the different bases may be 


calculated by the Ostwald formula i =r- ) where k=the dis- 
—a@ 


ammonium hydroxide in 0°0603N-solution, or 12°6 per cent. 


, or 1°5 per cent. dissociated. 
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sociation constant, a the fraction of base ionised, and ¢ the con- 
centration of the base in gram-molecules per litre. 

Applying this equation to solutions of ammonium hydroxide 
from WV/1 to W/8, a fairly constant values for & is obtained, the 
mean value being 5°9.10-°. 

This value, which is, of course, dependent on the value for the 
degree of dissociation of the various solutions of sodium hydroxide 
obtained from conductivity results, as previously explained, differs 
very considerably from that obtained by Bredig (2°3.10-5) for 
more dilute solutions by conductivity measurements (Zettsch. 
phystkal. Chem., 1894, 18, 294), and by Moore and Winmill (T., 
1912, 101, 1635). 

By calculating in the same way the value of & for methyl- and 
dimethyl-ammonium hydroxides, the value obtained is not constant, 
but shows a diminution with increasing dilution. It will be seen, 
however, that these two bases are considerably stronger than 
ammonium hydroxide, and that a solution of dimethylammonium 
hydroxide produces a greater effect in converting the pseudo-base 
into the carbinol form than an equivalent solution of methy]l- 
ammonium hydroxide, which is in agreement with the generally 
accepted view that the latter base is the weaker of the two (com- 
pare Bredig, loc. cit.; Moore and Winmill, loc. cit., etc.). 

The value of & obtained for trimethylammonium hydroxide for 
N/1- to NV/16-solutions is fairly constant, the mean value being 
11°9.10-5, This value is in excess of that given by Bredig for 
the more dilute solutions (7°4.10-5), and that given by Moore and 
Winmill; the results show, however, that trimethylammonium 
hydroxide is a stronger base than ammonium hydroxide, but con- 
siderably weaker than methylammonium hydroxide and dimethy]l- 
ammonium hydroxide. 

As will be seen from the tabulated results, solutions of tetra- 
methylammonium hydroxide give results exactly comparable with 
those given by solutions of sodium hydroxide of equivalent con- 
centration, which is in accordance with the generally accepted view 
as to the strength of this base. It is not intended to lay too great 
stress on the numerical results given for the values of the dissocia- 
tion constants for ammonium and trimethylammonium hydroxides. 
It should, however, be noted that the results obtained with 
ammonium hydroxide are substantially in agreement with those 
previously obtained by Dobbie, Lauder and Tinkler by the action 
of this base on cotarnine (loc. cit.). 

Owing to the possibility of secondary reactions between the 
pseudo-base and the soluble base, ammonia or free amine, the 
results at present are only intended to show that the bases increase 
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in strength in the order ammonium, trimethylammonium, methyl- 
ammonium, dimethylammonium, tetramethylammonium hydroxide, 
which is in agreement with the results of previous investigators. 


The Carbinol-ammonium Base Isomerism in Relation to the Law 
of Mass Action. 


If the conversion of the coloured, fluorescent form of the pseudo- 
base (V) into the colourless, non-fluorescent substance (IV) is 
dependent on the presence of hydroxyl ions, it should be possible 
to establish a relation between the hydroxyl-ion concentration in 
any given solution of soluble base and the amount of the pseudo- 
base converted into the carbinol form. 

Thus, on the assumption that this conversion is due to the 
presence of the hydroxyl ion, the relation might be expressed as 
follows: concentration of ammonium form of pseudo-base x concen- 
tration of hydroxyl ion=X x concentration of carbinol form. 

In calculating the value of K, the reaction constant, since the 
concentration of the pseudo-base employed is very small, the total 
concentration of hydroxyl ion may be taken as equal to the con- 
centration of hydroxyl ion in the solution of soluble base employed. 

From the results given in the following table, which are taken 


. from the middle portions of the smoothed curves, it will be seen 


that evidence is obtained in support of this view that the reaction 
proceeds according to the law of mass action. The results given 
refer to solutions of methylammonium hydroxide, but are 
dependent also on the results obtained for solutions of sodium 
hydroxide. The concentrations of hydroxyl ions in the solutions 
are obtained as explained before, that is, they are equal to the 
product of the concentration of a solution of sodium hydroxide, 
which produces the same effect as a solution of the base in question, 
and the fraction of dissociation for that particular solution of 
sodium hydroxide. 


A. , A 
Percentage of Percentage of Concentration 
Concen- ammonium carbinol of OH 
tration form of form of (gram-ions K-4 xC 
of base. y-base. y-base. per litre). oa 
N/2 22-5 77-5 0-0265 0-00769 
N/4 31-0 69-0 0-0169 0-00760 
N/8 42-5 57-5 0-01008 0-00744 
N/16 52-5 47-5 0-00685 0-00757 
N/32 65-0 35-0 0-00418 0-00776 


Mean K=0-0076 


Summary of Results. 


The general results of the investigation is to show that the bases 
employed increase in strength in the order ammonium, trimethyl- 
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ammonium, methylammonium, dimethylammonium, tetramethy]l- 
ammonium hydroxide, and that the last-mentioned base is as strong 
as sodium hydroxide, which is in accordance with the generally 
accepted view as to the relative strengths of these bases. The 
results also show that the reaction follows the law of mass action, 
that is, concentration of ammonium form of pseudo-base x concen- 
tration of hydroxyl ion=X x concentration of carbinol form of 


pseudo-base. 


The investigation will be extended to other substituted 
ammonium hydroxides and other soluble bases, and at present the 
method is being employed to determine the amount of soluble base 
produced by the hydrolysis of certain salts in solution. 

Some of the materials used in the present investigation were 
purchased by means of a grant from the Research Fund of the 
Chemical Society, for which the author wishes to express his 
thanks. 
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XCVI.—The Lower Iimits of Inflammation of Methane 
with Mixtures of Oxygen and Nitrogen. 


By ALBERT PARKER. 


THe lower limit of inflammability of mixtures of methane and 
ordinary air has been determined by many investigators. The first 
experiments of any value were made by Davy (Phil. Trans., 1816, 
1), who estimated the lower limit of methane and air to be between 
6°2 and 6°7 per cent. Since Davy’s work, the values given as the 
lower limit have differed from as low as 2°5 per cent., as deter- 
mined by Perman (Wature, 1911, 87, 416), to as high as Davy’s 
result of 6°5 per cent. In Perman’s experiments, ignition was 
effected, by means of an incandescent platinum wire, in a tube of 
about 10 c.c. capacity, to the middle of which a mercury gauge 
was attached. The more or less sharp movement of the mercury, 
produced on heating the platinum wire, was used to indicate 
whether a mixture had exploded or not; but as was pointed out 
by Burgess and Wheeler (T., 1911, 99, 2013) it does not neces- 
sarily follow, from the fact that a sharp movement of the mercury 
gauge could be observed, that the mixture examined was explosive 
or even inflammable. The combustion of the mixture in contact 
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with the wire, even if it had occurred without flame, would be 
sufficient to produce a distinct movement in the gauge, apart from 
that due to expansion caused by the heating of the wire. 

Teclu (J. pr. Chem., 1907, [ii], 75, 212) sparked mixtures of 
methane and air in a graduated explosion pipette, and found the 
lower limit to be 3°4 per cent. He, however, introduced the 
methane at a point near to the top of the mixing vessel, and the 
mixture for explosion was withdrawn through the same tube. As 
methane is much lighter than air, this would mean that, unless 
sufficient time were allowed for mixing, the gas withdrawn for 
explosion would be richer in methane than desired. It would 
therefore seem probable that the gas supposed to contain 3°4 per 
cent. of methane actually contained as much as 6 per cent. If 
this explanation is correct, and Teclu’s experiments on the upper 
limit of methane were carried out in exactly the same manner as 
those on the lower, one would expect the resulting value to be 
considerably less than those of other investigators. This is found 
to be the case; the upper-limit value given by Teclu being 7°6 per 
cent., whilst others give approximately 13 per cent. The same 
discrepancy is to be observed in Teclu’s results for coal gas. 

The lower-limit values of inflammation of mixtures of methane 
with air, as determined by * Mallard and Le Chatelier, Roszkowski, 
Clowes, Eitner, and others, all lie between 5°5 and 6°3 per cent. 
The differences in these results are accounted for by the various 
conceptions of what is meant by the term “lower limit,” the 
different sizes and shapes of the explosion vessels used, and the 
nature and position of the firing agent. In the third Home Office 
report of the Explosions in Mines Committee (1913, p. 5) a lower- 
limit mixture is defined as “ the one containing the smallest possible 
quantity of combustible gas, in which self-propagation of flame can 
take place throughout, whatever the volume of the mixture, after 
the original source of ignition has been removed.” Even with this 
definition as a standard, and using an extremely large explosion 
vessel, the results obtained could differ greatly, according to the 
position of the firing agent, as a flame will travel “ upwards,” 
through a mixture of air and many combustible gases, far more 
easily than ‘‘ downwards.” It is therefore probably better, as 
has recently been suggested by Dr. Coward, to take as the lower- 
limit mixture the one containing the smallest possible quantity of 
combustible gas, in which self-propagation of flame “upwards” 
will take place indefinitely, after the original source of ignition 
has been removed. In the case of mixtures with methane and air, 


* A complete list of results is given in the third Home Office report of the 
Explosions in Mines Committee, 1913, Cd. 6704, p. 13. 
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the lower limit obtained according to the latter definition is almost 
identical with that obtained by Burgess and Wheeler (T., 1911, 
99, 2013) by sparking the gases in the middle of a 2-litre bulb. 
Chiefly because of its convenience, therefore, a spherical glass vessel 
was used in the experiments to be hereafter described. 

Wkile conducting experiments on the influence of increase of 
initial temperature on the explosiveness of gaseous mixtures (T., 
1913, 103, 934) it was noticed by the author that a greater amount 
of methane, carbon monoxide, or coal gas was required to form a 
lower-limit mixture with oxygen than with air. This is contrary 
to what one would have expected. It was decided that the best 
way to find an explanation of this observation would be to deter- 
mine the lower limits of these gases when mixed with oxygen and 
nitrogen in different proportions. Since methane is of great 
practical, as well as theoretical, interest, this gas has been investi- 
gated first. 

A pparatus.—The apparatus consisted of a 2°5-litre bulb similar 
to the one used by Burgess and Wheeler. To the top of the bulb 
was sealed a capillary three-way tap, one arm of which was con- 
nected to a mercury gauge, whilst the other arm was used to 
exhaust the bulb, and as a means of filling it with the mixture to 
be examined. The mercury gauge served to measure the contrac- 
tion produced after “explosion, and from this measurement the 
amount of methane which had been burned could be calculated to 
within 0°1 or 0°2 per cent. The firing agent employed consisted of 
a single-break spark produced from a Ruhmkorff coil by screwing 
up the hammer break of the primary coil, and rapidly breaking 
the circuit by means of an ordinary electric light switch. The spark 
was passed between platinum points 1 cm. apart, and situated in 
the centre of the bulb. The platinum leads were fused into the 
side of the bulb, and were coated with glass right up to the sparking 
points. By using the same coil and accumulators throughout, the 
strength of spark was kept as constant as possible. 

Preparation of the Gaseous Mixtures—The gases were mixed 
over water, in a carefully graduated glass gasholder of 14 litres 
capacity. About 10 litres of each mixture was made, and this 
was sufficient to allow each experiment to be carried out three 
times. All the mixtures used contained approximately 6 per cent. 
of methane. To prevent alteration in composition due to the 
solubility of the combustible gas in water, a 6 per cent. mixture 
was first made, and allowed to remain for two or three days to 
saturate the water with methane at the partial pressure of 6 per 
cent. of an atmosphere. This water, which was stored in a large 
stoppered bottle, was then used throughout the experiments. 
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Volumes of gases of the order of 5 or more litres were measured 
by means of the graduations on the gasholder, but amounts of 
the order of 2 litres or less were measured by withdrawing a known 
volume of water and then adding the required gas until the pres- 
sure within the gasholder again became atmospheric. In this 
way the gaseous mixtures could be made to within 0°025 per cent. 
The mixtures examined were sparked under ordinary conditions of 
temperature and pressure, and were saturated with water vapour 
at 15—18°. From experiments previously carried out there is 
reason to believe that the limits would not be affected by the slight 
changes which occur in atmospheric conditions. 

Methane.—This gas was prepared by Campbell and Parker’s 
method (T., 1913, 103, 1292) from aluminium carbide and water; 
it was purified as described by these authors. 

Oxygen was prepared from manganese dioxide and potassium 
chlorate, and was freed from chlorine by means of sodium hydroxide 
solution. 

The nitrogen used was prepared by slowly dropping a concen- 
trated aqueous solution of sodium nitrite into a hot concentrated 
solution of ammonium sulphate and potassium dichromate con- 
tained in a large flask. The gas was purified by passing it through 
dilute sulphuric acid to remove ammonia, and through potassium 
hydroxide and ferrous sulphate solutions te remove oxides of 
nitrogen. 

The lower-limit mixture in each set of experiments has been 
taken as the one containing the smallest amount of methane, in 
which self-propagation of flame occurred throughout the bulb after 
ignition by a single spark. The method of determining limits 
was that of trial and error; for example, in the determination with 
pure oxygen it was found that a mixture containing 5°94 per cent. 
of methane did not inflame throughout, the flame only filling the 
upper three-quarters of the bulb. A 6°01 per cent. mixture was 
then made, and was found to inflame throughout. With 5°97 per 
cent. of methane inflammation did not occur throughout. The 
lower limit was therefore taken as the mean of 5°97 and 6°01 per 
cent. All the values given refer to percentages by volume. The 
progress of the flame in each experiment was followed by eye in a 
previously darkened room. 

Results of Experiment.—The lower limit of methane has been 
determined when mixed with pure oxygen, when mixed with a 
mixture consisting of 80 per cent. of oxygen and 20 per cent. of 
nitrogen, and so on down to a mixture containing only 13 per cent. 
of oxygen. By stating that the lower limit of methane with air 
containing 80 per cent. of oxygen is 5°95 per cent. is meant that 
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the lower-limit mixture contains 5°95 per cent. of methane and 
94°05 per cent. of the admixed gases. The results obtained are 
given in the following table. The numbers given in the column 
“amount of methane burned” are calculated from the differences 
of pressures observed on the manometer before and after explosion. 
As the admixed gases consisted of oxygen and nitrogen, only the 
amount of oxygen in such mixtures is given in the table. 


Oxygen 
per cent. Methane 
in admixed Methane burned Lower 
gases. per cent. Effect of sparking. percent. _ limit. 
100 6-01 Flame travelled throughout .... 6-05 
5-97 Three-fourths of mixture in- 
GAMO. 6 cia cccesccdccccsssscesicess 4-22 
5-94 Three-fourths of mixture in- 
GMO kcccicccscdessccccssscgecess 4-30 5-99 
80 5-97 Flame travelled throughout .... 5-93 
5-93 Three-fourths of mixture in- 
TIE i ccna secscsccascscsecyeness 4-04 
5-88 Two-thirds of mixture in- 
WIG. kirsiscisnciesciisnsoysreces 3°87 5-9E 
60 5-93 Flame travelled throughout .... 6-02 
5-88 Three-quarters of mixture in- 
WUE. x ca scnscinsdccesariceseccses 4:27 5-90 
40 5-88 Flame travelled throughout .... 5-90 
5-84 Flame travelled throughout .... 5-87 
5-80 Flame almost throughout ....... 5-47 5-82 
30 5-80 Flame travelled throughout .... 5-76 
5-75 Three-fourths of mixture in- 
MIE asinescccdssctsaccceessscnccs 4-61 5-77 
25 5-77 Flame travelled throughout .... 5-74 
5-75 Flame almost throughout ....... 5-22 5-76 
20 5-80 Flame travelled throughout .... 5-82 
5-77 Flame almost throughout ....... 5-47 
5-75 Flame almost throughout ....... 5:35 5-78 
19 5-86 Flame travelled throughout .... 5-85 
5-82 Three-fourths of mixture in- 
MONMOG: 4 cecissavsercasccssaccxscecs 4-67 5-84 
18 5-95 Flame travelled throughout .... 5-93 
5-90 Flame almost throughout ...... 5-24 5-92 
17 5-99 Flame travelled throughout .... 5-92 
5-95 Flame almost throughout ...... 5-45 
5-90 Flame almost throughout ....... 5-26 5-97 
16 6-04 Flame travelled throughout .... 5-98 
5-99 Flame almost throughout ....... 5-60 6-01 
15 6-08 Flame travelled throughout .... 6-00 
6-04 Flame almost throughout ....... 5-53 6-06 
14 6-17 Flame throughout mixture, 
but omitting thin layer ad- 
jacent to walls of vessel ...... 5-74 
6-13 Flame almost throughout ....... 5-03 6-15 
13-5 6-31 Flame throughout mixture, 
except thin film adjacent 
to walls of globe ............++. 5-90 
6-27 Flame travelled almost 
SPOURRGE i scciccisssecisveccsse 4-85 
6-22 Three-quarters of mixture in- 


MUONER: .c.civcddasesenuescasussasions 4-59 6-29 
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Oxygen 


per cent. Methane 
inadmixed Methane burned Lower 
gases. per cent Effect of sparking. percent. limit 
13-35 6-74 Upper half of mixture inflamed 1:98 No limit 
6-52 Three-fourths of mixture in- 

SEU Kesssinccrsincnbebacscaneses 4-05 6-41 
most 
inflam- 
mable. 

6-31 Three-fourths of mixture in- 
PMN. a:snssonnvssdcdcassbasscaaces 3°87 
13-25 717 Cap only on _ continuous 
MPOPERIG 6. coccccccscecscessocceses 
6-97 Almost throughout omitting out.- 
GED DED ccccersccscscccsssecsces 5:22 No limit 
6-74 Almost throughout omitting 
Outside edge ........ccssessceeees 5-17 
6-52 Three-fourths of mixture in- 

MONEE, «havc nsccseccscscvbenscavens 4-09 6-63 
most 
inflam- 
mable. 

6-31 One-half of mixture inflamed ... 2-33 


The foregoing results are shown diagrammatically in the curve 
on p. 1008, in which the abscisse represent the oxygen-contents 
of the admixed gases, whilst the ordinates represent the percentages 
of methane required to form lower-limit mixtures. From this 
curve it may be seen that the lower limit of methane is at a 
minimum, with a mixture containing 25 per cent. of oxygen and 
75 per cent. of nitrogen. Increase of the oxygen-content above 
25 per cent. causes a gradual rise in the lower limit, whilst decrease 
in the amount of oxygen causes a more marked rise. 

For the continuous propagation of flame in a gaseous mixture it 
is necessary that the heat produced by the already burning gases 
should be sufficient to raise at least an equal mass of the “ unburnt ” 
gases to ignition-temperature. The smallest quantity of combust- 
ible gas which must be present in the mixture to produce continu- 
ous propagation of flame is the lower limit. If the combustion 
were carried out adiabatically, the amount of combustible gas 
required to produce a lower-limit mixture would be dependent on 
(1) the calorific power of the combustible gas, (2) the mean specific 
heats of the mixture between its initial and ignition-temperatures, 
and (3) the ignition-temperature of the mixture. 

The adiabatic lower limit of the methane may be calculated from 
the following data: 


Calorific value of methane=190 Calories. 
Ignition-temperature of methane *=700°. 


* Dixon and Coward, T., 1909, 95, 514. 
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Mean molecular heat at constant volume of a mixture containing 
2 per cent. of methane and 98 per cent. of air or oxygen=5'5 
calories. 

The amount of heat required to heat one gram-molecule of the 
mixture to 700° from 0° is: 

5°5 x 700 calories=3°85 Calories. 
The amount of methane to produce 3°85 Calories will be: 
3°85/190 gram-molecule=0°02 gram-molecule. 

The adiabatic lower limit of methane is therefore approximately 
2 per cent. 
By experiment the lower limit of methane with air is found to 
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be 5°77 per cent. The 3°77 per cent. required in excess of the 
adiabatic limit is accounted for by heat conducted away to the 
surroundings, and by energy given out in the form of radiant 
energy. The lower the rate of propagation of flame, the greater 
will be the amount of energy lost to the surroundings. When 
methane is mixed with oxygen and ignited, the flame travels more 
rapidly than when it is mixed with air, as the number of fruitful 
collisions of molecules in a given time must be greater in oxygen. 
Nitrogen is also a better conductor of heat than oxygen. The 
loss of energy should therefore be less in a mixture of methane 
with oxygen than with air, and one would consequently expect the 
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limit to be lower in the former case than in the latter. Experi- 
mentally, the lower limit of methane is found to be greater with 
oxygen than with air, and this cannot be explained from absorptive 
powers for radiant heat, as the value for oxygen is the same as 
for nitrogen, and is comparatively small. The phenomenon cannot 
be explained from the ignition-temperatures determined by Dixon 
and Coward, as their work seems to show that the ignition-tempera- 
ture of a jet of methane is lower in oxygen than in air. It is 
possible that the ignition-temperature of a “mixture” of methane 
and oxygen is different than that of a “jet” of methane in an 
atmosphere of oxygen, and that the ignition-temperature of a 
mixture of methane and oxygen is higher than that of a mixture 
of methane and air. This difference in ignition-temperature would 
then account for the results obtained. 

The most probable explanation of the fact that the lower limit 
of methane is greater with oxygen than with air is that the specific 
heat of oxygen is higher than that of air. According to Nernst, 
the molecular heat of nitrogen at constant volume at 0° is 4°84 
gram-calories, whereas the molecular heat of oxygen is 4°91. The 
lower limit of methane with air is 5°77 per cent., and with oxygen 
the value is 5°99 per cent. This would mean that if the molecular 
heat of nitrogen at ignition-temperature were 5°5, then the 
molecular heat of oxygen would be 5°7, and therefore the specific 
heat of oxygen must rise more rapidly with temperature than the 
specific heat of nitrogen. 

The increase in the lower limit of methane produced by a reduc- 
tion of the amount of oxygen from 20 to 13°5 per cent. may be 
explained by the decreased rate of combustion and the consequent 
greater loss of heat to the surroundings. 

It would appear from the lower-limit values obtained in the 
above-described experiments that the reduction of the oxygen- 
content of the air of coal mines from 21 to 19 or even 17 per cent., 
as proposed by Dr. Harger, would hardly minimise the possibility 
of “firedamp ” explosions. The lower limit of methane with 17 per 
cent. of oxygen is only 0°2 per cent., and with 19 per cent. of 
oxygen only 0°08 per cent. higher than with an atmosphere contain- 
ing 25 per cent. of oxygen. 


It is further intended to investigate the action of diluent gases 
on the lower limit of methane. 


In conclusion, I wish to thank Prof. H. B. Dixon for the interest 
he has taken in these experiments. 


THe UNIVERSITY, 
MANCHESTER. 
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XCVII.—An Adiabatic Calorimeter. 


By Francis WILLIAM Gray. 


For ‘thermochemical work, Richards and Burgess (J. Amer. Chem. 
Soc., 1910, 32, 431) devised an adiabatic mantle, in which the 
heating was effected by chemical means, and Benedict and Higgins 
(ibid., 461) designed one in which the heating was electrical, and 
the cooling was effected by means of a stream of cold water. In 
the adiabatic mantle described here, the heating and cooling are 
both effected by a stream of water in a flexible copper tube 
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immersed in the mantle water, which, however, itself remains in 
the mantle throughout the experiment. 

The outer can, 7', is connected by means of the tubes B, B (1°27 
cm. diameter) with the tube A, in which rotates a turbine stirrer. 
This stirrer may be driven by a small 2 to 4 volts motor, and pro- 
duces very efficient mixing. / is a tube fixed on to 7 opposite 
a slit, and serves to hold a Beckmann thermometer. To 7 are 
attached the blocks Z and L, to which are hinged the levers K 
and K; these are movable downwards from the horizontal posi- 
tion, but not upwards. There are three such levers placed 
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symmetrically. Pressing up against XK and X are the corks C and 
C, up against which the lid 7 of the submerged can D is pressed 
by the upward thrust of the mantle water. When a very large 
calorimeter has to be placed inside, it may be necessary to support 
D below by means of small corks. To ensure that the lid Z is 
watertight, the rim may be smeared with a little vaselin. Access 
to the inside of D is obtained by means of the tubes G@ (1°27 cm. 
diameter) and H (1°9 cm. diameter). WH is for a thermometer and 
G for a stirrer. It is convenient to have a third tube also (1°9 cm. 
diameter). D is surrounded by water on all sides. For many 
purposes, there may be substituted a can screened on all sides except 
the top, and reaching up to K and XK, which hold it in position 
without corks. 

A flexible copper tube of 0°63 cm. internal diameter and about 
240 cm. long is soldered at the ends to short brass tubes (1°11 cm. 
external diameter). The flexible tube itself does not make a water- 
tight joint with rubber tubing. Short brass tubes (1°11 cm. external 
diameter) are soldered in through the wall of 7 at S and S. These 
are connected by means of rubber tubes with the brass ends of 
the flexible F, which coils down from one S round the mantle, and 
rises from the bottom almost straight up to the other S. 

The stream of water in the flexible tube is controlled by two 
T-tubes and the taps M@, V, O, and P. M, N, and O are glass taps 
with bore of about 3 mm., and for P a fixed metal water-tap may 
be used, provided it has no leather washer. To obtain a stream of 
cold water, the taps M and O are closed, and P (the water-tap) 
and N are opened, the stream being regulated with the taps. To 
obtain a stream of hot water, V and P are closed, and M and O 
are opened as far as required. The stream of hot water is pumped 
with a Luther pump from a hot-water bath, which may be con- 
veniently heated by means of an asbestos woven wire net placed 
between the bath and a layer of bricks. A net of Standard Wire 
Gauge 334, of about 220 ohms resistance for use with 220 volts, 
will usually suit. Frequently, about 5 to 6 litres of water main- 
tained at about 45° will serve as a hot bath. 

It is advisable that all the metallic parts of the apparatus except 
the flexible tube should be made of nickel-plated brass. The 
flexible tube, however, should be of copper. 

To screen the top, a lid containing water is sometimes used, but 
as the regulation of the mantle and the lid simultaneously is rather 
inconvenient, the submerged tin is to be preferred. 

The can D can be easily removed when required, and the flexible 
tube also; thus the apparatus can be used for a variety of experi- 
ments other than thermochemical. 
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If it is desired to maintain the calorimeter at a temperature 
higher than that of the room, it will be necessary to keep the 
temperature of the mantle higher than that of the calorimeter, on 
account of radiation through the thermometer, etc., from the calori- 
meter to the room. 

In measuring heat evolved within the calorimeter, it is the aim 
to maintain the temperature steady when it reaches its maximum 
point. It is difficult, however, to prevent a slight fall from the 
maximum when the original rise to the maximum is rapid and 
large, as in the cases of heat of neutralisation quoted below. These 
examples put the apparatus to a very severe test. It is fortunate, 
therefore, that the need for an adiabatic mantle is most urgent in 
cases of slow change of heat, where, on the other hand, the control 
is easiest. 

Below are given three sets of simultaneous calorimeter and 
mantle temperatures. In the first experiment, the calorimeter was 
about 3 cm. from the inner can, and the response to the mantle 
control was improved upon in the second and third experiments, 
when the bottom of the calorimeter was only 0°5 cm. from the 
bottom of the inner can. 

The first and third experiments are on heat of neutralisation. 
The second experiment shows how the same bulk of calorimeter 
water as in the other experiments could be kept at a constant 
temperature higher than that of the room by mantle-control. From 
this can be seen how the mantle would be used in a case of slow 
change of heat. 

First experiment.—Room temperature, 15°. Bath, 5 litres at 
44°, The hot current was passed for one and a-half minutes. 
Two hundred c.c. of 0°25N-hydrochloric acid at 14°865° were added 
to 200 c.c. of 0°25N-sodium hydroxide at 14°765° two and a-half 
minutes from the beginning or one minute after stopping the hot 
current. The temperatures were read, when possible, at intervals 
of fifteen seconds. The maximum was almost reached in thirty 
seconds, and reached in forty-five seconds, and maintained steady 
for forty-five seconds, after which the fall was very slow. 


Started 
hot Stopped 
current. current. 
Time in min- 
utes ...... 0 4 3 i 1 4 A } 2 
Mantle ...... 14-865° 14-87 14-88 14-96 15-22 15-67 16-17 16-52 16-87 17-11 
Calorimeter. 14-765° — — — — — — —_ — 7 
Added 
acid. 
ee 24 } 3 4 3 3 4 } 
Mantle  ......2.. 17-17 17-19 17-20 17-22 17-24 17-25 17-26 17-26 
Calcrimeter 14-765 16-30 16-50 16-52 16-52 16-52 16-52 16-518 
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snetesdanbsr 4h 3 5 } 3 Z 6 + 
Mantle ......... 17-26 17-261 17-264 17-264 17-263 17-263 17-263 17-264 
Calorimeter...... 16-515 16-515 16-514 16-512 16-511 16-510 16-509 16-508 
TMAD secéssicsses 63 s a } 4 } 8 
Mantle ......... 17-263 17-262 17-259 17-256 17-254 17-251 17-250 


Calorimeter ... 16-507 16-506 16-505 16-505 16-505 16-503 16-503 


Second experiment.—Room temperature, 148°. Bath, 5 litres 
at 44°. The asterisk indicates that at that point the hot current 
was passed for five seconds to maintain the temperature. 


TD ~ciccsnewosie 0 4 1 3* 2 3 } 
Mantle . ccscccces 16-97 16-967 16-965 16-96 16-958 16-98 16-988 
Calorimeter...... 16-839 — 16-839 — 16-838 — 
RE. sacsnncseccs 35 32 4 5 54 64* 
ee — 16-985 — 16-969 — 16-965 
Calorimeter .... 16-838 16-838 16-838 — 16-839 16-838 
ND. asiccscnnias 74 8 84 82 9} 93* 
Mantle.........0.00 16-955 16-97 16-99 16-982 16-975 — 
Calorimeter .... — 16-838 — 16-838 16-837 16-837 
NE. osccisdecs 1l 12 124 134 15* 
Mantle. ...cissccce 17-00 17-01 17-015 17-015 17-008 
Calorimeter...... 16-838 16-838 16-838 16-838 16-838 
ND scsnanskenes 153 16 163 17 173 18 19 
Mantle — ...sccces 17-008 17-005 17-015 17-02 17-02 17-02 17-02 
Calorimeter ... — 16-838 — 16-838 16-838 16-838 16-838 


Third expertment.—Room temperature, 14°6°. Bath, 5 litres at 
44°, The hot current was passed for one minute, and afterwards 
was occasionally passed for five seconds. Two hundred c.c. of 
0°25N-hydrochloric acid at 14°4° were added to 200 cc. of 0°25N- 
sodium hydroxide at 14°205° two and a-half minutes from the start, 
or one and a-half minutes after the hot current was stopped. 


Started 
hot Stopped 
current. current. 
Time in min- 

WOE cccaauees 0 } 4 } 1 } 4 3 
Mantle ...... 14-40 14-40 14-402 14-42 14-77 15-20 15-39 16-45 
Calorimeter... 14-2 — — o — oo —— _ 

Added 

acid. 
TR: escciseeccee 2 t 4 3 3 t 
MME ci siccscicss 15-50 15-51 15-5 15-58 15-60 15-61 
Calorimeter .... 14-205 —- 14-205 — 16-01 16-02 
TR saccntnesees 34 Fa 4 4 i 
Mantle............ 15-64 15-67 15-70 15-71 15-73 15-75 
Calorimeter .... 16-022 16-022 16-018 
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Eva enone } ; 6 3 4 


Mantle............ 15-80 16-07 16-25 16-45 16-46 16-46 
Calorimeter .... 16-018 16-017 16-016 16-015 — — 
TID. - danensiinene 6} 7 } 4 
Mantle............ 16-45 16-49 16-50 16-50 
Calorimeter...... 16-015 16-015 16-015 16-015 


After six minutes, the calorimeter reached 16°015°, at which it 
remained steadily for at least six minutes. 

It may be mentioned that the heat of neutralisation as obtained 
from the above agrees fairly well with the values obtained by 
Wormann (1905). 


PHysicAL CHEMISTRY DEPARTMENT, 
ABERDEEN UNIVERSITY. 


XCVIII.-—Eaperiments on the Rate of Nitrification. 
By Ricuarp Moore BEESsLey. 


ALTHOUGH much work has previously been undertaken on the 
subject of nitrification, it has, as a rule, been either of a morpho- 
logical nature or concerned more especially with the conditions of 
nitrification of ammonium salts. Munro (T., 1886, 49, 632) 
showed that solutions of various nitrogen-containing organic sub- 
stances easily underwent nitrification when inoculated with garden 
soil, but considering the small number of his isolated analyses and 
the varying conditions under which his experiments were conducted 
it is impossible to obtain from his work any accurate idea of the 
rate of the nitrification of the substances he employed. 

The present work was undertaken with the object of determining 
the rates of nitrification, and any differences that might exist in 
these rates, of dilute solutions of a number of amino-compounds, 
that is, whether the rate of nitrification was at all dependent on 
the complexity of the molecule. In order to attain this object 
it was necessary to conduct the nitrification of each substance 
under identically the same conditions, the only variable factor | 
throughout the series being the nitrogenous substance in solution. 

Dilute solutions of the following compounds were employed: Carb- 
amide, thiocarbamide, uric acid, asparagine, glycine, acetamide, 
aniline sulphate, methylamine sulphate, ammonium oxalate, and 


4 


ammonium sulphate. 
A modified form of the so-called flask method of cultivation was 
employed, the solutions being made up on the basis of those 
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employed by Munro in some of his later experiments. Every 
solution was made up to a volume of 500 c.c., and was of exactly 
the same composition, namely: 


Nitrogen (in combination)............:.scesesseveees 100 mgms. 
Potassium hydrogen phosphate................+++ 100_—C,, 
Sodium chloride ............ccccecceccccccccccecceces 100 _ a, 
Magnesium sulphate ...............0cccceeeeeeeeeeees 33 as 
Calcium carbonate (precipitated) ................ 10 grams. 
Woatter (GIsGOG) .6.....cccccccssccscccscsccccsccsecses 500 c.e. 


The object of the addition of calcium carbonate was to give the 
solutions a permanent neutrality ; it serves to neutralise the nitrous 
and nitric acids as they are formed, and thus prevents the develop- 
ment of acidity, which, as is well known, is fatal to the process of 
nitrification. Sterilisation was effected by submission to the action 
of steam on three successive days, one or other of the following two 
modes of procedure being adopted, dependent on the nature of the 
nitrogenous substance undergoing treatment: 

(1) In the case of carbamide and substances which would be 
hydrolysed by boiling water, the required amount of carbamide 
or other substance was weighed into a small tube and sterilised 
by dry heat at 106°, and then introduced into the media which 
had undergone the usual sterilisation by steam. 

(2) With ammonium sulphate and substances which would be 
decomposed by boiling water in the presence of calcium carbonate 
it was necessary first to sterilise the calcium carbonate in the dry 
condition and then add it to the sterile solution containing the 
ammonium sulphate and remainder of the media. 

Since it was proposed to withdraw samples for analytical pur- 
poses from the nitrifying solutions at frequent intervals, it was 
obvious that the usual apparatus, an Erlenmeyer flask or bottle 
plugged with cotton-wool, was insufficient to meet all requirements, 
especially with regard to the prevention of septic contamination by 
air-infection. It therefore became necessary to devise some form 
of apparatus which would permit freely of the withdrawal of 
varying quantities of samples from the contained nitrifying solu- 
tions, and at the same time render impossible accidental contamina- 
tion from the organisms contained in the atmosphere. The appara- 
tus described below fulfils these requirements, and has the additional 
advantages of being inexpensive and simple to assemble. A wide- 
mouth bottle (A) of 1 litre capacity is fitted with a three-hole 
stopper, and each of the two outer holes carries a piece of glass 
tubing bent at right angles; (B) reaches to the bottom of the bottle, 
and (C) just passes through the stopper. Through the third hole 
passes an ordinary three-way tap, and of the three limbs (D), (£), 
and (F) the limb (2) reaches almost to the bottom of the bottle; 
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on (Z£) is blown a bulb (#) of about 5 c.c. capacity, and (/) is 
bent at right angles. (B), (C), and (Z) are plugged with wool. 

Thus, by means of the tap, (7) can be put into communication 
with (D), and a sample drawn into the bulb (7); then by suitably 
manipulating the tap, ()) can be cut off from (#), and the sample 
run off through the tube (F) into any convenient receptacle. 

Each sofution was contained in such an apparatus. By this 
means, then, on the withdrawal of a sample, all air entering the 
bottle was filtered through cotton-wool, and the sample remained 
under aseptic conditions until it was 


sinadien actually expelled from the apparatus. 
E The side-tubes (B) and (C) provided a 
) means by which the nitrifying solution 
( H could, when required, be thoroughly 
aerated; by attaching (B) to a series of 


wash-bottles containing, in order, sulphuric 
acid, sterile water, and cotton-wool, it be- 
came possible to conduct the aeration under 
aseptic conditions. The advantages of this 
modification over the old plugged Erien- 
meyer flask, in which the withdrawal of a 
sample necessitated the disturbance of the 
plug, and where the aeration was limited 


to the circulation of air over the surface of 
A D the liquid through the cotton-wool, are 
obvious. 
—_— In practice, the apparatus proved to be 
leat || ie extremely efficient. 
: A | 
Methods of Analysis. 
Riscoins ] The course of hydrolysis and _ nitrifica- 


tion in the various solutions was traced by 
means of periodic determinations of the ammoniacal, “nitrous,” 
and “nitric” nitrogen figures. 

Ammoniacal Nitrogen.—It was not feasible in the majority of 
cases to determine the free ammonia by the usual method of distil- 
lation and Nesslerisation, because the partial decomposition of 
carbamide and similar substances caused by the boiling of their 
dilute solutions with weak alkali would bring the ammonia figure 
too high. This difficulty was overcome by direct Nesslerisation 
of diluted portions of the nitrifying solutions, experiment having 
shown that the concentration of inorganic salts in the maximum 
sample used for Nesslerisation was insufficient to interfere with the 
coloration produced. 


me 
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“ Nitrous” Nitrogen.—During the earlier stages of the fermenta- 
tion the development of nitrous acid was followed by means of the 
a-naphthylamine and sulphanilic acid test. This test applied as a 
quantitative method gives very considerable accuracy with the 
higher dilutions of nitrous acid, but when the concentration of 
“nitrous” nitrogen rises above two or three parts per hundred 
thousand the accuracy of the determinations becomes questionable. 
Consequently, as the formation of nitrous acid in the fermenting 
solution reached these limits, the above method was abandoned 
in favour of the following, which was worked out and proved to be 
trustworthy by Duyk (Ann. Chim. anal., 1912, 17, 445). The 
sample is acidified with 20 c.c. of 10 per cent. hydrochloric acid, 
about 4 grams of potassium hydrogen carbonate are then added in 
small quantities at a time, a crystal of potassium iodide is intro- 
duced, and after the further addition of 1 gram of potassium 
hydrogen carbonate the liberated iodine is titrated with standard 
thiosulphate solution. 

“ Nitric” Nitrogen.—The first appearance of nitric acid in the 
solutions was determined by brucine and sulphuric acid, which is 
a test of such delicacy that it will detect so small a quantity of 
nitric acid as 0°10 part per hundred thousand. 

“Nitric” nitrogen was determined quantitatively in the usual 
manner, that is, reduction to ammonia by the zinc—copper couple 
in faintly acid solution, and determination of the ammonia by 
distillation and Nesslerisation, subtraction of the “nitrous” 
nitrogen figure from the figure so obtained gives the “nitric” 
nitrogen. 

Before proceeding with the reduction, steps were taken to remove 
the free ammonia and any organic nitrogen by twice evaporating 
the sample to dryness with a concentrated solution of potassium 
hydroxide. In the case of carbamide it was found necessary 
first to destroy this substance by boiling with sodium hypo- 
bromite solution before proceeding with the “nitric” nitrogen 
determination. 

The chief weakness in the ammoniacal and “nitric” nitrogen 
determinations lies in the inherent defects of a colorimetric com- 
parison. Very considerable accuracy is attainable in the case of the 
higher dilutions in this way, but with the higher concentrations the 
multiplication of experimental error—generally on the side of loss— 
makes agreement more difficult. 

In order to obtain a suitable mixed culture of hydrolytic and 
nitrifying organisms for the inoculation of the solutions, a quantity 
of fine media was obtained from one of the secondary contact beds 
at Withington Sewage Works. This was filled into a wide glass 
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tube about. 90 cm. in length, and a weak solution of ammonium 
chloride and peptone allowed to trickle over it. 

When nitrification was actively established, an infusion of a 
portion of the medium was made in water, and each of the 
solutions was inoculated with 1 c.c. of this infusion. After inocu- 
lation the bottles were set aside in a corner of the laboratory 
in such a position that, although they were never exposed to direct 
sunlight, they were by no means in the dark. They were exposed 
to the ordinary variations in temperature of the laboratory, the 
average temperature being about 19°. 

To make certain of maintaining aerobic conditions, each one 
was given ten minutes’ aeration per week, and to keep the contents 
of the bottles as homogeneous as conveniently possible they were 
frequently shaken. 

In the following paragraphs the progress of each solution is 
illustrated by a separate table of analytical results, and any special 
points noted in the behaviour of any particular solution are placed 
directly preceding the table belonging to that particular solution. 

Notre.—All analytical results, except where otherwise stated, are 
expressed in parts per hundred thousand. In every case two 
solutions were made up, identical in every respect, except that 
one was inoculated whilst the other remained sterile throughout 
the experiment. 


Carbamide. 


Nitrogen in parts per 100,000. 


Time in days. Ammoniacal. Nitrous. Nitric. Total oxidised. 

0 0-00 0-00 0-00 0-00 
21 0-20 0-00 0-00 0-00 
29 0-30 0-08 0-37 0-45 
39 1-85 0-52 1-48 2-00 
46 3-50 2-00 1-50 3-50 
57 7-00 4-00 2-25 6-25 
63 7-00 4-50 3-50 8-00 
66 7-50 5-00 4-75 9-75 
73 5-12 7-50 5-95 13-45 
81 2-90 10-26 5-74 16-00 
94 0-00 11-22 5-78 17-00 
105 0-00 0-78 17-22 18-00 
116 0-00 0-00 18-00 18-00 


Thiocarbamide. 


In spite of several re-inoculations, the solution of thiocarbamide 
completely failed to nitrify, and even now at the time of writing, 
eight months after the first inoculation, shows no signs of doing so. 
This failure to nitrify is in agreement with an observation made 


by Munro in 1886. 
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Uric Acid. 
Nitrogen in parts per 100,000. 


Time in days. Ammoniacal. Nitrous. Nitric. Total oxidised. 
0 0-00 0-00 0-00 0-00 
21 3-55 0-00 0-00 0-00 
29 6-53 0-14 0-46 0-60 
39 8-05 3°84 1-91 4-75 
*46 8-00 5-00 1-50 6-50 
57 4-00 6-06 2-59 8-65 
63 3-90 6-00 2-98 8-98 
66 1-62 9-00 2-60 11-60 
73 0-00 14-86 2-61 17-47 
81 0-00 8-64 8-76 17-50 
94 0-00 0-00 17-50 17-50 
105 0-00 0-00 17-50 17-50 
116 0-00 0-00 17-50 17-50 
Asparagine. 


The most noticeable point in this case is that on the date of 
inoculation the amount of free ammonia present in the solution was 
equivalent to 10 parts of nitrogen. 

At the same time, the check-bottle was also found to contain 
10 parts of ammoniacal nitrogen, and the ammonia figure remained 
constant at this value, no nitrite or nitrate developing. This check 
solution has remained sterile. 

The fact that 10 parts of ammonia, equal to half the total 
nitrogen in the asparagine originally present, develops in a very 
short time in either a sterile or a septic solution, suggests that the 
preliminary hydrolysis of asparagine is a purely chemical process 
resulting in the production of ammonia and aspartic acid according 
to the following equation : 

CO,H-CH(NH,)-CH,*CO-NH, + H,O = 

CO,H-CH(NH,)-CH,*CO,H + NHs. 


Nitrogen in parts per 100,000. 


or aoe 
Time in days. Ammoniacal. Nitrous. Nitric Total oxidised. 

0 10-00 0-00 0-00 0-00 

21 16-50 0-00 0-00 0-00 

29 16-25 0-28 0-00 0-28 

41 15-60 0-75 0-75 1-50 

51 13-50 1-00 1-75 2-75 

55 10-00 1-52 3-04 4-56 

63 8-25 2-00 4-74 6-74 

74 1-42 6-57 9-57 16-08 

81 0-00 5-26 10-74 16-00 

94 0-00 0-26 16-24 16-50 

105 0-00 0-26 16-64 17-00 

0-00 0-0 17-00 17-00 
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Glycine. 
Nitrogen in parts per 100,000. 
Time in days. Ammoniacal. Nitrous. Nitric. Total oxidised. 

0 0-00 0-00 0-00 0-00 
21 14-50 0-00 0-00 0-00 
29 13-85 0-02 0-00 0-02 
41 13-85 3°33 0-67 4-00 
49 12-25 3°50 0-80 4-30 
57 10-25 4-20 0-80 5-00 
63 8-75 4-80 1-40 6-20 
73 2-50 5-82 9-78 15-60 
81 1-00 4-23 15-77 16-00 
94 0-00 1-45 18-60 19-05 
105 0-00 0-00 19-00 19-00 
116 0-00 0-00 19-00 19-00 


Methylamine Sulphate. 
Nitrogen in parts per 100,000. 


Time in days. Ammoniacal. Nitrous. Nitric. Total oxidised 

0 0-00 0-00 0-00 0-00 
21 9-00 0-00 0-00 0-00 
29 12-80 0-00 0-00 0-00 
41 16-65 0-05 0-70 0-75 
49 14-50 0-02 1-23 1-25 
57 12-50 0-05 1-55 1-60 
63 12-25 0-08 1-97 2-05 
73 9-75 0-27 6-73 7-00 
81 5-30 3-03 8-43 11-50 
94 0-50 5-02 12-48 17-50 
105 0-00 1-30 16-70 18-00 
116 0-00 0-00 18-00 18-00 


Aniline Sulphate. 


Soon after inoculation the solution of aniline sulphate assumed 
a turbid appearance, and after two or three weeks developed a 
pale pink coloration, which later disappeared, together with the 
turbidity. A slow but gradual development of ammonia took 
place in the solution—to the extent of 90 per cent. of the nitrogen 
originally put into the solution as aniline sulphate. No nitrite or 
nitrate has yet been detected. 

The check solution, which was not inoculated, has remained quite 
clear, and shows no development of either ammonia, nitrite, or 
nitrate. 

When the ammoniacal nitrogen figure reached 18, aniline was 
tested for in each of the two solutions; it was absent in the inocu- 
lated solution, but present in the check solution. 

It would therefore appear that the aniline undergoes simple 
hydrolysis, taking up the elements of water and decomposing into 
ammonia and phenol. It has not, however, been possible to detect 
phenol in the solution, probably because it is destroyed by bacterial 
action as soon as it is formed. 
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Nitrogen in parts 


per 100,000. | 
— | 
Time Ammoniacal | 
in days. nitrogen. 
0 0-00 | 
21 1-65 
29 2-33 | 

41 3-28 

49 4-37 

57 7-50 


Time in days. 


0-00 
14-25 
15-50 
13-75 
12-50 
10-00 

7-75 

6-75 

4-15 

0-00 

0-00 


Acetamide. 


Nitrous. 
0-00 
0-00 
0-00 
0-04 
2-28 
6-66 
7-26 
10-29 
12-40 
14-30 

0-00 


Nitrogen in parts 


RATE OF NITRIFICATION. 


per 100,000. 
Time Ammoniacal 
in days. nitrogen. 
63 7-75 
73 10-50 
81 14-25 
94 15-00 
105 16-65 
116 18-00 


Nitric. 
0-00 
0-00 
0-00 
0-20 
0-33 
0-34 
0-74 
0-82 
1-60 
4-20 

18-50 


Ammonium Ozalate. 


Ammoniacal. 


20-00 
16-50 
15-60 
14-25 
13-32 
9-25 
6-75 
6-25 
2-50 
0-50 
0-00 
0-00 
0-00 


Nitrous. 
0-00 
0-00 
0-00 
0-04 
0-60 
2-00 
5-00 
7-00 
12-19 
13-44 
14-10 
15-60 

0-00 


Nitric. 


Ammonium Sulphate. 


Time in days. Ammoniacal. 
20-00 


Nitrogen in parts per 100,000. 
Total oxidised. 


Nitrogen in parts per 100,000. 


Nitrous, 
0-00 


Nitric. 
0-00 
0-00 
0-50 
1-25 
1-75 
2-83 
2-98 
3-75 
3-92 

17-73 

18-25 

18-25 

18-25 


~ Total oxidised. 


“Total oxidised 


0-00 
0-00 
0-00 
0-24 
2-61 
7-00 
8-00 
11-11 
14-00 
18-50 
18-50 


0-00 
0-00 
0-00 
0-80 
1-50 
4-25 
7-50 
10-15 
15-80 
16-50 
17-00 
17-00 
17-00 


0-00 
0-00 
2-51 
4-25 
5-00 
6-15 
11-28 
16-25 
16-52 


1022 BEESLEY: EXPERIMENTS ON THE RATE OF NITRIFICATION. 


In Fig. 2, which has been arrived at by plotting time in days 
against total oxidised nitrogen in parts per 100,000, is shown the 
typical nitrification curve of each of the substances dealt with in 
this work, with the exception of thiocarbamide and aniline sulphate, 
which apparently do not nitrify at all under the experimental 
conditions employed. 

The nitrification curve peculiar to any one of these substances 
is found to lie so close to the curve shown that any attempt to 
represent all of them upon one figure would only lead to confusion. 

Any variations from the typical curve that do occur can be 


Fia. 2. 


20 


18 


16 


i) 
— 


_ 
to 


rr 
Oo 


@ 


= 
S 
S 
= 
z 
& 
3 
yS 
3 
8 
~ 
8 
s 
~ 
S 
3S 
S 


50 60 70 80 90 100 110 120 


Time in days. 


safely ascribed to experimental error, which it is quite impossible 
to eliminate from the methods of analysis employed. 

The author feels justified in concluding from these experiments 
that nitrogenous substances, typical of the products of albuminoid 
hydrolysis, when exposed under identical conditions to the action 
of the bacteria contained in a typical filter-bed, nitrify at approxi- 
mately the same rate. 

It will be noticed from an examination of the tables that in no 
case is more than 95 per cent. of the total nitrogen recovered in 
the form of nitrate. This is probably due to loss by aeration and 
interaction between ammonia and nitrous acid. 
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Examination of the total amount of nitrogen oxidised in the case 
of ammonium oxalate and ammonium sulphate brings to light an 
interesting phenomenon, namely, a temporary disappearance of 
nitrogen (see Fig. 3). 

Since the total amount of nitrogen is arrived at from the sum 
of the ammoniacal, “nitrous,” and “nitric” nitrogen figures, 
the effect is masked in the case of carbamide and other organic 
substances because the organic nitrogen is indeterminate, whereas 
in the case of ammonium salts practically the whole of the nitrogen 
should be accounted for in these determinations. 
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The total estimated nitrogen figures for ammonium sulphate and 
ammonium oxalate are given in the tableseon p. 1024. 

In the case of ammonium oxalate the total nitrogen falls from 
20°00 to 13°50, and then rises to 17°00, at which value it remains. 
Similarly, with ammonium sulphate there is a fall from 20°00 to 
11°40, followed by a final rise to 18°25. 

It is evident, then, that during the process of nitrification the 
nitrogen passes through some stage of oxidation, which is repre- 
sented by neither nitrite nor nitrate, for otherwise the total 
nitrogen figure would always approximate to the same value. 

In the case of ammonium oxalate the nitrogen had fallen to 

x x2 
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Ammonium oxalate. Ammonium sulphate. 


Time Total nitrogen Time Total nitrogen 
as above. in days. as above. 
20-00 20-00 
16-50 16-50 
15-60 15-57 
15-05 15-35 
14-28 13-75. 
13-50 11-40 
14-25 15-06 
16-40 18-05 
18-30 18-25 
17-00 18-00 
17-00 18-25 
17-00 18-25 
17-00 18-25 


15°60, and with ammonium sulphate to 16°50, before either nitrite 
or nitrate made their appearance. It might be argued that this 
fall was caused by the destruction of any nitrous acid formed by 
the large excess of ammonia present; this argument is disposed of 
when it is remembered that the total loss of nitrogen in the case 
of ammonium oxalate is only 3°00, and in the case of ammonium 
sulphate only 1°75. Taking, then, into consideration the fact that 
the oxidation of nitrous acid to nitric acid consists of only one step, 
and that the apparent loss of nitrogen becomes noticeable before 
any nitrite makes its appearance, it would appear that it is in some 
stage of oxidation intermediate between ammonia and nitrous acid 
that the nitrogen becomes non-realisable. 

Oxidation by bacterial agency cannot be regarded as being of a 
violent nature, and it seems hardly conceivable that the nitroso- 
bacteria should be able to oxidise ammonia straight to nitrous 
acid, without passing through any intermediate stages of oxidation. 

In conclusion, it may therefore be said that it appears probable 
that in the oxidation of the ammonium radicle by bacterial agency 
there are formed, in the course of the reaction, certain intermediate 
substances which must be regarded as more or less hydroxylated 
ammonium radicles. 


The thanks of the author are due to Dr. G. J. Fowler for 
many helpful suggestions which he made during the course of 


this work. 
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PEDDLE: DELIQUESCENCE: PART I. 


XCIX.—Deliquescence. Part I. The Deliquescence of 
Salts of Ammonium Bases. 


By Cyrit James PEDDLE. 


In an accurate study of the absorption of water from a moist 
atmosphere, several factors have to be taken into account, especi- 
ally the constancy of temperature and humidity, the necessity of 
keeping the air always saturated with moisture, the area and depth 
of the substance used, and the size of the particles of the exposed 


material. 


(1) The Necessity of Maintaining Constant Humidity. 


The ensuring of a constant humidity of atmosphere above a sub- 
stance is a vital point in preserving a maximum rate of absorption, 
especially where (as in the experiments described in this paper) the 
amounts of water absorbed in a given time are used in comparing 
the deliquescence of one substance with another. To preserve 
constant humidity, the substances were placed in weighing bottles 
standing in a glass dish in a Scheibler desiccator, in the lower por- 
tion of which distilled water was placed. The dish was raised on a 
glass triangle, so as to admit of easy circulation of moist air. The 
whole apparatus was placed in a constant-temperature bath at 25°, 
the variation in temperature being less than 0°1°. An air fan, 
working at a rapid rate above the bottles, was used to produce a 
constant circulation of moist air. The general arrangement of the 
apparatus is shown in Fig. 1. 

In order to ascertain the effect on deliquescence of a still atmo- 
sphere and a moving one, three substances, namely, calcium 
chloride, dimethylamine hydrochloride, and tetrapropylammonium 
iodate, were exposed for twelve hours with the air stirrer in use, 
and then for a further twenty-four hours to a still atmosphere. 

Fig. 2 shows admirably the sudden drop in the rate of absorption 
when air-movement ceased. Thus, in the case of calcium chloride, 
the rate with the stirrer in use is approximately seven times as 
large as the rate when the air is still. The natural slowing down 
of the deliquescence will affect the result to some extent, but not so 
markedly as indicated in the diagram. 

{ 

(2) Size of Particles. 

In comparing the deliquescence of various substances, it is neces- 
sary that the state of subdivision of each should be the same. 
Each substance was therefore dried until constant in weight, and 
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sieved in a hot-air oven, so as to exclude moisture. The particles 
used passed through a 30-mesh sieve, and were retained by one of 
60 mesh. Before exposure, care was taken that there was no 
“sticking” of the particles to cause the formation of crumbling 
lumps. 

(3) Influence of Area Exposed. 


The following experiments were carried out to test the relation- 
ship between deliquescence and exposed area. The amount of 


WN BEE OWN 


water absorbed by 1 gram of a substance is termed its deliquescence, 
1 gram being selected because only small amounts of the sub- 
stances were available in most cases. 

(i) One gram of diethylamine hydrochloride was exposed in 
two different sized weighing bottles. The area of the first was 
4°9 sq. cm., and the area of the second 7°1 sq. cm., the heights 
being the same. The ratio of the areas was 1: 1°45. 

(ii) The experiment was repeated with calcium chloride in the 
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same weighing bottles, the conditions being identical with those of 
experiment (i). 

The following results were obtained, g, being the weight absorbed 
by 1 gram of substance in smaller bottle, g, being weight absorbed 
in larger bottle. The ratio of deliquescence is shown under g»/ 9). 
The time in hours is shown under ¢. 
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The ratio of the deliquescence is higher in both cases than the 
ratio of the areas, and the more deliquescent substance has the 
higher ratio. For the first period of the exposure, the ratio 
fluctuates, probably because the surfaces in the weighing bottles 
are changing differently (see later). When the states of the 
surfaces are approximately the same in both the bottles, the ratio 
remains constant. 

In view of the fact that the ratio of the deliquescence is greater 
than the ratio of the areas, it should be remarked that the layer 
in the wider bottle is the thinner, which fact in itself probably 
causes an increase in rate of absorption. Thus it has been found 
in one case, at least, increasing the thickness of the layer decreases 
the deliquescence of a substance; for example, in a bottle of 
30 mm. diameter: 

1 gram of anhydrous calcium chloride absorbed 0°2915 gram of 

water in two hours. 

2 grams of anhydrous calcium chloride absorbed 0°2748 gram of 

water in two hours. 

4 grams of anhydrous calcium chloride absorbed 0°2528 gram of 

water in two hours. 

It is intended to test still further the influence of area and 
depth on deliquescence. For the purposes of experiment in the 
present research, weighing bottles 25 mm. in diameter were used, so 
as to provide a uniform area of exposed surface in each case. 

One of the most striking features of the investigation was the 
manner in which the various substances changed in appearance as 
absorption proceeded. Thus the substances in the present investi- 
gation may be divided into four distinct classes, according to their 
manner of change on absorbing moisture. 

Class I.—The substance becomes moist on the surface, and this 
moist appearance gradually pervades the whole. Some liquid 
appears when the whole is moist, and this liquid forms a layer 
above the solid. 

Diethylamine hydrochloride, propylamine hydrochloride, %so- 
butylamine hydrochloride, and dipropylamine hydrochloride are 
examples of this class. 

Class II.—The compounds of this class are similar to those of 
Class I, except that the top cakes during the wetting through 
process, and afterwards becomes moist again. While the top is 
caked, the rate of absorption slows down considerably. 

This type of compound is represented by ethylamine hydro- 
chloride, tetraethylammonium chloride, and tetrapropylammonium 
iodate. 

Class IIJ,—This class is perhaps the most interesting, as the 
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substances, when moist, shrink away from the sides of the contain- 
ing vessel and form a heap having the shape of a truncated cone. 
Any liquid that forms fills up the hollow between the substance 
and the containing vessel. 

In this class are to be found diethylamine hydrobromide, triethy]- 
amine hydrobromide, tetrapropylammonium bromide, tetrapropyl- 
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ammonium bromate, and methylaniline hydrochloride. ll the 
compounds examined containing bromine exhibited this pheno- 
menon, although tetraethylammonium bromide showed it only in 
a very slight degree. Tetrapropylammonium chloride also shows 
signs of shrinking, but away from the middle, leaving a hollow, 
which fills with liquid. 

The appearance of a substance of Class III is shown in Fig. 1. 


ing ata Ae 5 prt 
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Class IV.—The members of this class show signs of wetness at 
first on the surface, but later a curious phenomenon presents itself, 
the lower portion of the substance being wetter than the upper 
portion. 

Triethylamine hydrochloride, diethylamine hydrochloride, tetra- 
propylammonium chloride, and tetrapropylammonium bromate are 
the chief examples of this type. 


(4) The Untrustworthiness of Visual Tests. 


The observations now recorded have shown that a substance may 
absorb moisture at a greater rate than another, and yet show less 
signs of becoming moist. Diethylamine hydrochloride showed signs 
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of liquid when 20 per cent. of its own weight of water had been 
absorbed, whilst under the same conditions tetraethylammonium 
chloride was only half wet through, although it had taken up 
25 per cent. of water. Again, 1 gram of anhydrous calcium 
chloride absorbed 0°1382 gram of water in two hours, and showed 
hardly any signs of wetness. Under identical conditions, 1 gram 
of phosphoric oxide was almost wholly liquid, yet it had absorbed 
but slightly more water, namely, 0°1432 gram. A further instance 
is to be found in triethylamine hydrobromide, which absorbed more 
moisture than the diethylamine compound, and yet was twice as 
long in showing signs of liquid. Dimethylamine hydrochloride, too, 
was wholly liquid in three hours, whilst ethylamine hydrochloride 
required five hours, yet the latter substance is nearly 20 per cent. 
more deliquescent. As a general rule, the more soluble a 


PEDDLE: DELIQUESCENCE. PART I. 1031 


deliquescent substance is, the sooner will it liquefy; for example, 
. dimethylamine hydrochloride, perhaps the most soluble of the salts 
| examined, was the first to liquefy. Visual signs cannot, therefcre, 
be depended on in comparing the deliquescence of substances. 
Another point arising out of the uncertainty of visual tests is 
that the rate of absorption of one substance may decrease far 


0°6 


Fic, 5. 4 

ae ' 
~ | THE ALKYLAMINE f 

07 HYDROCHLORIDES : 
| 


wis 


0°4 


0°3 | 


0°2 


Grams of water added per gram of substance. 


0'1 = 


Time in hours. 


{ more rapidly than that of another, and so a substance which is 
; more deliquescent than another over a short time interval may be | 
more so after a longer exposure. Thus a study of Fig. 4 shows 
that the order of deliquescence of the ethylammonium bromides is 
at first tri>di>tetra; later it is tetra>tri>di, and, finally, 
tetra>di>tri, the rate of absorption of the triethylamine hydro- 
bromide decreasing the most rapidly. Again, the deliquescence of 
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tetrapropylammonium bromide at first is less than that of tetra- 
propylammonium bromate, but later it rises above that of the latter 
compound (Fig. 7). It is essential, therefore, in comparing 
deliquescence, to bear in mind that the time of exposure has to be 
taken into account. 


General Results. 


The diagrams show the deliquescence of individual substances, 
and also serve to indicate the relationships amongst the various 
groups. The points marked S on the diagrams show the place of 
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appearance of some liquid, and the points marked A show when 
the whole of the exposed substance is liquid. 

Detailed results are given for three typical substances, namely, 
tetraethylammonium chloride, where the rate of absorption falls 
throughout the experiment; ethylamine hydrochloride, where the 
rate rises and then falls; and tetraethylammonium bromide, where 
the rate falls and afterwards rises. 

The data have been tabulated as follows: 

“¢” =time of exposure in hours to a saturated atmosphere at 25°. 
“g” =grams of water absorbed by 1 gram of exposed substance. 
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¥ _ molecular deliquescence, that is, the number of gram- 


n 
molecules of water absorbed by 1 gram-molecule of substance, 
where WV represents the number of gram-molecules of water 
absorbed, and m the number of gram-molecules of exposed 


material. 
= =Molecular deliquescence per hour. This last value is in- 
mn x 
cluded to show some indication of rate of absorption. 


Ethylamine Hydrochloride. | Tetraethylammonium Chloride. 
M.W.=81°5. 10002=12°27. M.W.=165°6. 1000n = 6°04. 


g. Nin. Ninxt. - | £. g. Nin. N/nxt. 
0-0387 0-175 0-350 | 4 00-0534 0-491 0-982 
0-1233 0-558 0-372 0-1198 1-101 0-734 
0-2186 0-990 0-396 4 0-1847 1-697 0-679 
0-3025 1-369 0-390 0-2534 2-329 0-665 
0-3737 1-691 0-376 0-2868 2-636 0-586 
0-4196 1-899 0-345 0-3411 3-135 0-570 
0-5098 2-308 0-355 } 0-4001 3-678 0-566 
0-5703 2-593 0-346 0-4403 4-048 0-540 
0-6139 2-715 0-319 | 0-4612 4-239 0-499 
0-6587 2-982 0-314 | 0-4899 4-503 0-474 
0-6925 3-134 0-299 0-5167 4-749 0-452 
0-7363 3°333 0-290 0-5501 5-058 0-440 


The value of 1000N rose from ~ The value of 1000N rose from 
2-15 to 40-87. | 2-96 to 30-54. 
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Dp DO DOP OP BOP Op POP POP Ot Pet Ope DOP 


l 
l 


Tetrapropylammonium Bromide. 
M.W. = 266°2. 1000 n=3°76. 


g- Nin. Nin Xx t. 
0-0127 0-188 0-188 
0-0203 0-300 0-150 
0-0301 0-445 0-148 
0-0523 0-773 0-193 
0-0697 1-029 0-206 
0-0832 1-228 0-205 
0-0923 1-363 0-195 
0-1221 1-803 0-225 
0-1543 2-279 0-253 
0-1839 2-716 0-272 
0-2031 3-000 0-273 


The value of 1000N rose from 0-65 to 11-29. 


Pa 


MOO OID OP Oboe 


TT) 


Discussion of Results. 


Over and above the actual deliquescence of each substance ex- 
amined, the foregoing results suggest several important points, 
namely, the variation of rate of absorption with time, the relative 
deliquescence of the substances amongst themselves, the relation- 


1034 PEDDLE : DELIQUESCENCE. PART I. 


ship between chemical composition and deliquescence, and the 
influence of solubility on the amount of absorption of moisture. 


(1) The Variation of Rate of Absorption with Time. 


From a study of the curves, it will be seen that the values of 
deliquescence for exposures up to four or five hours lie approxi- 
mately on straight lines, apparently pointing to the fact that 
deliquescence varies directly with time of exposure for a short 
time. This, however, cannot be taken as strictly true, for a study 


N ‘ 
of the numbers under. =e shows that the rate of absorption varies. 
7 


Tests carried out by taking weighings at fifteen-minute intervals 
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up to two hours showed that the rate of absorption varied even 
over short-time intervals. Substances can be divided into three 
classes, according to this variation: 

(i) The rate of absorption falls gradually throughout an experi- 
ment? 

Triethylamine hydrochloride, tetraethylammonium chloride, 
ammonium chloride, diethylamine and triethylamine hydro- 
bromides, diethylamine and triethylamine hydriodides, are 
examples of this class. : 

(ii) The rate of absorption rises to a maximum and then falls. 

This type is exemplified by ethylamine, propylamine, and iso- 
butylamine hydrochlorides, dimethylamine and _ diethylamine 
hydrochlorides, and tetrapropylammonium chloride. 

(iii) The rate of absorption first falls, and afterwards increases. 
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Methylaniline hydrochloride, tetrapropylammonium bromide, 
promate, and iodate belong to this type. 

In the case of substances in class (ii), the maximum point of 
rate of absorption is usually the point where some liquid appears, 
and in explanation of the fact that rate of absorption varies, it 
should be remembered that a constant change is taking place in 
the condition of the exposed surface. 
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(2) Relative Deliquescence. 


The variation in rate of absorption mentioned above renders it 
difficult to decide what time interval shall be fixed for the purpose 
of comparing the deliquescence of the various compounds. It was 
hoped at first that the end-points of each deliquescence might be 
used for this purpose, but, unfortunately, they can only be obtained 
after a considerable exposure in each case, and so their investiga- 
tion has been postponed. It will be noted from the curves that, 
with one or two exceptions, the order of deliquescence is the same 
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throughout an exposure; and seeing that the most deliquescent of 
the substances exhibited their maximum rate of absorption during 
the third hour of exposure, these values have been used for com- 
parison. 

The following table shows the comparison values, and in order 
to make a thorough test of the various relationships, two sets are 
included. Column three shows grams of water absorbed (g) x 1000, 


and column four molecular deliquescence (7) x 1000. For further 
n 


aid in comparison, the values of some of the common inorganic, 
deliquescent substances are included, and to avoid later repetition, 
the solubility data, as far as they are available, where P represents 
the number of grams of substance dissolved in 100 grams of 
solvent. 


Substance. M. Ww. gx 1000. N/nx 1000. P. 
15-0 45 $39-3 
260-5 1179 *279-9 
170-9 907 *278-2 
136-8 832 *238-9 
72-0 494 *192-2 


220-5 998 *369-2 
164-9 1003 *231-7 
34-2 262 *165-3 


260-5 1179 *279-9 
1003 *231-7 

792 *137-0 

2013 *141-0 


907 *278-2 
262 *165-3 
1895 328-0 


5 t77-0 
591 *311-6 
839 *150-6 

1008 279-5 


287 —_ 

216 *377-2 

394 - *370-0 
0 *45-0 


2013 *141-0 
1008 *279-5 
0 *45-0 
792 *137-0 
839 *150-6 
394 *370-0 


1003 *231-7 
591 *311-6 
216 *377-2 


1895  +>280-0 
445 — 
0 *18-6 
210 — 
1153 — 
2010 +>280-0 


Wet COMs!I 


o- 
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Substance. ‘ gx 1000. N/nx 1000. A 
Rs cescndiscnspenwennend 81-5 220-5 998 *369-2 
pee oF. ere 143-5 75-1 598 *378-8 
DRIED 5 .cédcicscsdcrsvicesce 129-5 0-0 0 *107-1 
Te s4cnsctangevanenuneeniass 111-0 212-8 1318 {83-3 
BEM yale scvecevccisasepuioestetcises 142-1 224-1 1767 = 
hb, sonababntocdtdheseonasnes 11-3 53 


* Peddle and Turner, T., 1913, 103, 1202. + Peddle. 
+ Landolt u. Bornstein, ‘‘ Physikal.-chem. Tabellen.” 


It is evident at once that several of the substances have a high 
degree of deliquescence, quite comparable with such a substance 
as phosphoric oxide. Ethylamine hydrochloride, indeed, absorbs 
in twelve hours 14 per cent. more moisture than does this oxide. 

The order of deliquescence amongst the various substances is 
much changed when the values for molecular deliquescence are 
substituted as comparison values for those of weight-deliquescence. 
For example, tetrapropylammonium iodate, tetrapropylammonium 
chloride, and tetraethylammonium chloride, show an absorption of 
2 gram-molecules of water per gram-molecule of substance in the 
same time that ethylamine hydrochloride absorbs 1°2 gram- 
molecules, yet the latter compound is by far the most deliquescent 
when actual weights absorbed are used for comparison, being 60 per 
cent. more deliquescent than the iodate, for example. Generally 
speaking, however, the order in a series is the same, whether weight- 
deliquescence or molecular-deliquescence is taken as the criterion, 
the only striking exception being tetraethylammonium chloride, the 
molecular deliquescence of which is much greater than that of 
ethylamine hydrochloride, whilst its weight-deliquescence is less. 
Over short intervals of time, even this substance is not an exception, 
for it is the most deliquescent substance examined for exposures 
up to half an hour. Thus the following generalisations are evident, 
using either set of values for comparison : 

(i) The order of deliquescence in a series is always chloride> 
bromide>iodide (see series VII, VIII, IX, X). 

(ii) For the homologous alkyl chlorides the order is methyl> 
ethyl>propyl>butyl>amyl (series I and II), so that deliquescence 
decreases with increase in molecular weight (Fig. 5). 

(iii) In the case of the homologous substituted ethyl chlorides, 
the order is mono>tetra>di>tri (series III and Fig. 3). The 
homologous propyl chlorides have the same order (series IV and 
Fig. 6). Thus the tetra-compounds show abnormal deliquescence. 

(iv) For the homologous ethyl bromides the order is tetra> 
tri>di (series V). Over longer periods, the order is that of the 
corresponding chlorides (Fig. 4). 
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(v) The order of the ethyl iodide homologues is tri>di>tetra, 
the last-named being non-deliquescent. 

(vi) With the isomeric substances examined, the ethyl compound 
was the more deliquescent in each pair (compare (a) ethylamine 
and dimethylamine hydrochlorides; (5) diethylamine and isobutyl- 
amine hydrochlorides; and (c) triethylamine and dipropylamine 
hydrochlorides). 

(vii) The order in the case of the tetrapropyl compounds con- 
taining oxygen is iodate>bromate>chlorate (series X). This 
order, being opposite to that of the corresponding chloride, bromide, 
and iodide, is remarkable, especially seeing that the substance with 
the highest molecular weight is most deliquescent. 

(viii) The introduction of aromatic groups into the molecule 
causes a considerable decrease in deliquescence (series XI), and the 
substances examined containing solely aromatic groups are non- 
deliquescent (for example, aniline hydrochloride, benzyl and 
dibenzyl hydrochlorides). 


(3) Chemical Composition and Deliquescence. 


The effect of substitution of successive CH,-groups into the 
molecule might be expected to show additive relationships, especi- 
ally as it is found that, in a series, the deliquescence falls, with a 
rise in molecular weight. Comparing the homologues in series I, 
the differences in 1000 x molecular deliquescence are 272, 75, and 
338. In series II (salts of secondary amines), 2x2°5 and 
2x 370°5. In series III, 2x88, 2x105°5, and 2x613. These 
differences, set out in terms of a difference of composition of CH,, 
point to the absence of additive relationships. Thus deliquescence, 
like solubility, appears to be a constitutive property. 


(4) Deliquescence and Solubility. 


That solubility has some influence on deliquescence is unquestion- 
able, for a substance has to exhibit solubility, and that in a con- 
siderable degree, before it is deliquescent. Thus all the compounds 
examined which showed deliquescence to any extent had solubili- 
ties greater than 100 grams in 100 grams of water at 25°. The 
relationship between the two phenomena is complicated, as the 
following facts, deduced from a study of the results, will show. 

(i) In the case of all the chlorides examined, the order of 
deliquescence is the same as the order of the solubility (series I, IJ, 
III, IV). 

(ii) With the iodides, the order appears to be the opposite of 
the solubility order. 
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(iii) The case of the bromides is peculiar. Diethylamine hydro- 
bromide is more soluble than either the tri- or tetra-compounds, 
and is less deliquescent. The triethyl compound is less deliquescent 
than the tetra-compound, and also less soluble. 

(iv) With a series of corresponding chlorides, bromides, and 
iodides, the order of deliquescence is the reverse of the solubility 
order (series VII, VIII, IX, and X). 

It will be seen, therefore, that in a number of allied compounds 
high solubility does not necessarily mean high deliquescence. Thus 
di- and tri-ethylamine hydriodides, which are extremely soluble in 
water (>370 grams in 100 grams at 25°), are only slightly deli- 
quescent, whilst tetraethylammonium chloride, which is only half 
as soluble as the corresponding bromide, has a deliquescence more 
than twice as large. 

Solubility, then, has most effect on the deliquescence of the 
chlorides. All those which have a solubility greater than 200 grams 
in 100 grams of water become liquid under the conditions of ex- 
periment in less than twelve hours’ exposure, although the liquid 
formed was never saturated. With the chlorides, the order of 
liquefying was the same as the order of solubility. With the 
bromides this is not the case, for tetraethylammonium bromide is 
quite liquid long before the diethyl compound, and yet its solu- 
bility is only two-thirds that of the latter. 


The author’s best thanks are due to Dr. W. E. 8S. Turner, who 
suggested the method of preserving constant humidity at a given 
temperature, and has taken a kindly interest in the research 
throughout; and also to the Research Fund Committee of the 
Chemical Society for a grant which has helped to defray some of 
the expenses of the investigation. 
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C.—Hydrazoximes of Methyl- and Phenyl-glyoxals. 
By Biman Binari Dey. 


In a previous paper (Forster and Dey, T., 1912, 101, 2234) the 

hydrazoximes of benzil and dimethyl diketone (diacetyl) and some 

of their derivatives have been described. The possibility of stereo- 

isomerism in compounds of this type has rendered it desirable to 

extend this investigation to other ortho-diketones, and several new 

unsubstituted hydrazoximes have been obtained, which are described 
3 Y¥ 2 
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in this paper, although the expectation of isomerism amongst this 
class of compounds has not yet been realised. 

The action of hydrazine hydrate on various ketoximes has been 
investigated by von Rothenberg (Ber., 1893, 26, 1061), the oximino- 
group being found to be eliminated in most cases with the formation 
of the corresponding hydrazones. This result, although agreeing 
with the observation made in connexion with a-benzilmonoxime (T., 
1912, 101, 2235), is not paralleled in the case of any of the oximino- 
ketones examined in this paper. The action of hydrazine hydrate 
on these oximino-ketones readily leads to the formation of the 
corresponding hydrazoximes, the free keto-group having condensed 
with the hydrazine with the elimination of a molecule of water. 
These hydrazoximes crystallise well, and are fairly stable if kept in 
stoppered bottles, but slowly oxidise and decompose if left exposed 
to the air for some time. They readily undergo condensation with 
benzaldehyde, and are also easily acylated when treated with acetic 
anhydride or benzoyl chloride; the acyl derivatives, like those 
obtained from the hydrazoximes of benzil and dimethyl diketone, 
readily dissolve in alkalis with a yellow colour, from which acids 
precipitate the unchanged substance. 

The hydrazoximes of both methyl- and phenyl-glyoxal resemble 
that of dimethyl diketone in exhibiting a great readiness to form 
the corresponding azines. An interesting method of obtaining the 
latter in the pure state and in an almost quantitative yield, consists 
in condensing the hydrazoximes with the corresponding oximino- 
ketones in the presence of a few drops of hydrochloric acid, thus: 
R-C-CH:NOH R°C-CH:NOH 

O 


4+ 
N-NH, 


-C-CH!N -C-CH: 
R i CH:NOH R C CH:NOH + HO. 


The action of semicarbazide on some of these oximino-ketones 
has also been studied, the reaction proceeding in the normal manner 
with the formation of the corresponding semicarbazones. These 
are sparingly soluble, crystalline substances, which dissolve in alkalis 
with a bright yellow colour (comparé Diels, Ber., 1902, 35, 347); 
they also readily react with boiling aniline to form the phenylcarb- 
amylhydrazones, with the evolution of ammonia, thus: 

R-C-CH-NOH R-C-CH:NOH 

N-NH:CO'NH, N-NH-CO-NHPh 


It should be noted that these hydrazoximes, as shown by Pech- 
mann in the case of the phenylhydrazones of oximino- and di- 
oximino-acetone (Ammalen, 1891, 262, 265), are liable to undergo 
an internal condensation if treated with phosphorus pentachloride 


+ H,N-Ph = +NH, 
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or other suitable reagents, the oximino- and the amino-groups inter- — 


acting with the elimination of water, thus: 
X:C CX’ : X°C 
- a is 
NH, HU NH 


This reaction could not be studied as yet, but it is hoped to 
undertake experiments in future with a view to condense these 
hydrazoximes to the corresponding unsubstituted 1 : 2: 5-triazoles. 


EXPERIMENTAL. 
Methylglyoxalhydrazoxime, CH,°C(:N-NH,)-CH:NOH. 


The oximinoacetone required for these experiments was prepared 
from ethyl acetoacetate by the method given by Ponzio and Charrier 
(Gazzetta, 1907, $7, ii, 65); a 60 per cent. yield of the crystalline 
product may be obtained under suitable conditions of experiment. 
Seventeen grams of the freshly prepared product were dissolved in 
40 c.c. of alcohol, and the solution was treated with 20 grams of 
hydrazine hydrate (50 per cent.) at the laboratory temperature. 
The mixture became warm, and was coloured deep yellow. After 
remaining overnight, the alcohol was evaporated in a vacuum, and 
the dark oily residue exhausted with small quantities of boiling 
benzene, and filtered; on immediately cooling the benzene, ‘small 
needles were deposited, which were obtained quite colourless and 
pure after a second crystallisation from chloroform, and melted at 
91°. On allowing the benzene solution to evaporate slowly at the 
ordinary temperature, a yellow oil was gradually deposited, which 
could not be crystallised : 


0°2785 gave 0°3659 CO, and 0°1719 H,O. C=35°51; H=6°86. 
071041 ,, 375 c.c. No at 18° and 747 mm. N=41°72. 
C;H,ON; requires C=35°64; H=6°93; N=41°58 per cent. 

The hydrazoxime is readily soluble in water, alcohol, ether, or 
acetone, but dissoives more sparingly in hot benzene or chloroform, 
and is insoluble in petroleum. It rapidly develops a mirror with 
ammoniacal silver oxide in the cold, and reduces Fehling’s solution 
on warming. Aqueous alkali hydroxide forms a colourless solution; 
ferric chloride gives a characteristic, reddish-brown coloration, and 
ferrous sulphate yields a deep blue precipitate. Mineral acids slowly 
convert the hydrazoxime into the azine (see later). 

The diacetyl derivative was prepared by warming the hydraz- 
oxime (2 grams) with excess of acetic anhydride (5 c.c.), a volumin- 
ous mass of crystals separating out at the moment of complete 


; 
' 
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dissolution. Recrystallisation from alcohol yielded snow-white, 
woolly needles, meiting at 147—148°: 

0°1114 gave 21°7 c.c. N, at 19° and 751 mm. N=22°52. 

C,H,,0,N,; requires N= 22°70 per cent. 

It is freely soluble in alcohol, ether, and most other organic 
solvents, and also ia water. It does not give any coloration with 
ferric or ferrous salts, and does not possess any reducing properties. 

The benzoyl derivative was prepared in two ways: first, by con- 
densing oximinoacetone with benzoylhydrazine in aqueous alcoholic 
solution, and secondly, by treating the hydrazoxime dissolved in 
pyridine with the calculated quantity of benzoyl chloride in the 
cold. It is very sparingly soluble in alcohol or acetic acid, but is 
best crystallised from hot pyridine, which deposits small, rhombic 
plates, melting at 184—185°: 

0°0984 gave 17°5 c.c. N, at 20° and 752 mm. N=20°61. 

C,9H,,0,N, requires N=20°47 per cent. 

It is insoluble in water, but dissolves in warm alkalis with a 
bright yellow colour. It gives a bluish-black precipitate with 
ferrous sulphate. 

The benzylidene derivative, prepared by cautiously warming an 
alcoholic solution of the hydrazoxime with the requisite proportion 
of benzaldehyde on the water-bath, crystallises from acetone in 
clusters of yellow needles, melting at 89°: 

0°0961 gave 18°5 c.c. N, at 19° and 747 mm. N=22°25. 

C,,H,,ON, requires N=22°22 per cent. 


Methylglyoxaloximazine, [CH(:-NOH)-C(CH,):N hy. 


The hydrazoxime of methylglyoxal rapidly turns yellow on being 
treated with dilute mineral acids, due to conversion into the azine, 
this change being also brought about on agitating a suspension of 
the hydrazoxime in dilute acetic acid with powdered sodium 
nitrite. The following method was found to yield the azine in the 
purest form: a dilute alcoholic solution of the hydrazoxime 
(1 mol.) was mixed with an aqueous solution of oximinoacetone 
(1 mol.), and the clear solution treated with two or three drops of 
dilute hydrochloric acid. The solution soon became turbid, and in 
a short time a voluminous mass of yellow needles of the azine 
separated out. Recrystallisation from an excess of boiling acetic 
acid gave short, yellow needles, melting at 222°: 

0°0844 gave 24°3 c.c. N, at 18° and 746 mm. N=33'26. 

C,H,,0O,N, requires N=32°94 per cent. 

The azine is insoluble in hot water, and dissolves only sparingly 

in alcohol or acetic acid. It is soluble in alkalis. 
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The semicarbazone of oximinoacetone has been prepared by 
Mills (Chem. News, 1893, 88, 228). It dissolves on shaking in 
dilute sodium hydroxide to form a yellow solution, and is not 
hydrolysed or otherwise changed even on boiling with strong alkalis. 
It gives a pink precipitate with dilute ferrcus sulphate solution. 

The phenylcarbamylhydrazone was obtained from the above by 
the reaction described by Borsche (Ber., 1901, 34, 4297). The 
semicarbazone (2 grams) was gradually added to aniline (10 c.c.) 
maintained at the boiling temperature, and at the end of the 
reaction, on cooling, the liquid was poured into excess of 30 per 
cent. acetic acid. The precipitated solid was collected, washed 
with hot water containing a little hydrochloric acid, and crystal- 
lised from boiling acetic acid, which deposited colourless needles 
melting at 231°. 

It is insoluble in alkalis, but gives a violet coloration with ferrous 
sulphate in dilute alcoholic solution : 


0°1241 gave 27°7 c.c. N, at 20° and 753 mm. N=25°81. 
Cy9H.0.N, requires N = 25°45 per cent. 


Phenylglyoxalhydrazoxzime, C,H;"C(-N-NH,)*CH:NOH. 


An alcoholic solution of w-oximinoacetophenone (9 grams) was 
treated with hydrazine hydrate (6 grams) at the ordinary tempera- 
ture, and the mixture allowed to remain in a warm place for 
twenty-four hours. On diluting with water, a crystalline powder 
was slowly precipitated, which, when recrystallised from alcohol, 
formed long, colourless needles, melting at 110°: 


0°1356 gave 0°2931 CO, and 0°0704 H,O. C=5843; H=5°77. 
0°1008 ,, 22°6 cc. N, at 18° and 743 mm. N=25°84. 
C,H,ON, requires C=58°90; H=5°52; N=25°76 per cent. 


The substance is insoluble in hot water, but dissolves in aqueous 
alkalis to form a colourless solution, from which the hydrazoxime 
is precipitated unchanged on acidification. It dissolves sparingly 
in benzene or chloroform, both of which are convenient media for 
crystallisation. It quickly reduces ammoniacal silver oxide and 
Fehling’s solutions, but does not give any definite colorations with 
ferric or ferrous salts. It resembles the hydrazoximes of methyl- 
and dimethyl-glyoxal in being easily changed into the azine. 

When heated above the melting point, the hydrazoxime is decom- 
posed into nitrogen and ammonia, and a yellow residue is left, 
from which the azine could be isolated by extracting with hot 
benzene and precipitating with petroleum. 

A part of the hydrazoxime sublimes undecomposed at the same 
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time, and condenses in the cooler parts of the tube in long, colour- 
less needles. 

The diacetyl derivative, prepared by gradually adding the finely- 
powdered dry hydrazoxime (1 part) to acetic anhydride (3 parts) 
and warming to 60—70°, crystallised from alcohol in small clusters 
of needles melting at 166°. 

It resembles the corresponding derivative of methylglyoxal- 
hydrazoxime in solubility, and it dissolves in aqueous alkalis with a 
yellow colour: 

0°1161 gave 17°6 c.c. N, at 19° and 748 mm. N=17°41. 

C12H,,;0,N; requires N=17°00 per cent. 

The benzoyl derivative, prepared in the usual manner, crysta)- 
lised from pyridine in small, shining plates, melting at 189°: 

0°2041 gave 28 c.c. N, at 20° and 756 mm. N=15'90. 

C,;H,;0.N, requires N=15°73 per cent. 

It is very sparingly soluble in alcohol or acetone, but dissolves 
more readily in boiling acetic acid or pyridine. Its alkaline 
solution is yellow, and gives a dark green precipitate with ferrous 
sulphate. 

The benzylidene derivative was prepared by warming the com- 
ponents for a short time in ethyl alcohol to a temperature not 
above 70°, and then cooling in ice; after about twelve hours the 
desired compound was deposited in golden-yellow needles, which 
were obtained quite pure after a second crystallisation from alcohol, 
and melted at 154°. On prolonged boiling with benzaldehyde, 
however, the hydrazoxime is decomposed, and benzylideneazine is 
formed : 

0°0842 gave 12°1 c.c. N, at 17° and 745 mm. N=16°61. 

C,,H,,;0N, requires N=16°73 per cent. 


Phenylglyoxaloximazine, [CH(:NOH)-C(C,H;):N}. 


This was prepared by the method given before, of condensing 
the hydrazoxime with oximinoacetophenone in the presence of a 
few drops of hydrochloric acid. The product crystallised from hot 
acetic acid in small, bright yellow needles, melting at 180°: 

0°0890 gave 15 c.c. N, at 16° and 749mm. N=19°38. 

C,,H,,0O,N, requires N=19°04 per cent. 

The semicarbazone of oximinoacetophenone was prepared by 
dissolving it in a slight excess of ethyl alcohol, warming to 50—60°, 
and adding a solution of semicarbazide hydrochloride and sodium 
hydroxide in the minimum amount of water. The solution was 
diluted with water to faint turbidity, and the white, crystalline 
mass, precipitated after a brief interval, was purified by dissolving 
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in dilute sodium hydroxide solution, and reprecipitating with 
carbon dioxide. Crystallisation from dilute alcohol gave colourless 
needles melting at 107°, and containing a molecule of water of 
crystallisation. 

On drying at 80—90° the latter is lost, and the anhydrous 
compound melts at 166°: 

0°1386 gave 29°7 c.c. N, at 15° and 745 mm. N=24°97. 

C,H,,0.N,,H,O requires N=25°00 per cent. 

The substance dissolves in alkalis with a yellow colour, and 
develops a bright mirror with ammoniacal silver oxide. 

Ferric chloride gives a characteristic red coloration with a dilute 
alkaline solution of the substance. On heating in a dry tube, it 
partly volatilises unchanged, whilst the rest decomposes, a strong 
odour of nitrobenzene being evolved at the same time. 

The phenylcarbamylhydrazone, prepared by the reaction 
described before, was crystallised from acetic acid, and melted and 
decomposed at 176°: 

0°1012 gave 17°5 c.c. Ng at 17° and 748 mm. N=20°06. 

C,;H,,O.N, requires N=19°85 per cent. 

The compound does not dissolve in alkalis, but becomes yellow. 
On boiling with strong alkalis, a distinct odour of phenylcarbyl- 
amine is perceived. 


Dioximinoacetonehydrazone, CH(;-NOH):C(:N-NH,)-CH:NOH. 


The dioximinoacetone was prepared from crude acetonedicarb- 
oxylic acid by the method given by von Pechmann (Ber., 1886, 19, 
2465); the yield was very poor, and did not exceed 20 per cent. 
of the theoretical, even under the most favourable conditions of 
experiment. 

Twelve grams of the freshly prepared recrystallised product dis- 
solved in alcohol (50 c.c.) were treated in the cold with an alcoholic 
solution of hydrazine hydrate (10 grams) added slowly, the tem- 
perature not being allowed to rise above 5°. Pale yellow needles 
began to separate out almost immediately, and after two to three 
hours these were collected, washed with alcohol, and crystallised 
from a little boiling dilute methyl alcohol, which deposited colour- 
less, hard, prismatic needles, melting at 153°, and containing a 
molecule of water of crystallisation : 

0°2162 gave 0°1960 CO, and 0°1062 H,O. C=24'70; H=5:45. 

0°0621 ,, 20°2 c.c. N, at 19° and 754 mm. N=37°74. 

C,;H,O,N,,H,O requires C= 24:32; H=5°40; N=37°83 per cent. 

The hydrazone is rather unstable, and gradually decomposes, even 
on keeping in a stoppered bottle in the dark, forming a black, 
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amorphous powder. It dissolves in water to a yellow solution, and 
reduces ammoniacal silver oxide and Fehling’s solution. On 
heating in a dry tube it suddenly decomposes with a feeble explo- 
sion. Its acetyl or other derivatives could not be prepared in a 
pure state, as the hydrazone was always found to be decomposed 
by this treatment. 

The semicarbazone of dioximinoacetone was prepared by boiling 
a solution of the latter in methyl alcohol with equivalent amounts 
of semicarbazide hydrochloride and sodium acetate dissolved in a 
little water. On cooling, the semicarbazone slowly crystallised in 
clusters of needles melting at 224°: 

0°0732 gave 25°5 c.c. N, at 16° and 743 mm. N=40°30. 

C,H,O,N, requires N=40°46 per cent. 

It is very sparingly soluble in alcohol, benzene, chloroform, etc., 
but dissclves more readily in boiling acetic acid or pyridine. It 
is soluble in dilute sodium hydroxide solution with a yellow colour, 
the substance being precipitated unchanged on passing carbon 
dioxide into the alkaline solution. It reduces ammoniacal silver 
nitrate, and gives a bluish-black precipitate with a dilute solution 
of ferrous sulphate. 


RovaL CoLuecE oF SCIENCE, 
SoutH KENSINGTON. 


CI.—Deriwatives of 3:4-Dimethoxyacetophenone and 
4:5-Dimethoxy-o-tolyl Methyl Ketone, and the 
Synthesis of Phenylglyoxalines Containing Sub- 


stituents in the Benzene Ring. 


By Henry STEPHEN and CHARLES WEIZMANN. 


TuE object of the work described in this paper was to prepare sub- 
stances belonging to the class of glyoxalines containing a pheny] 
group with hydroxy-substituents which would be expected to have 
a physiological action, and during the course of a systematic in- 
vestigation of some compounds derived indirectly from aceto- 
phenone, the authors have observed some interesting experimental 
details, which have importance for the preparation of the type of 
substances indicated under the above title. 

Pictet and Gams (Ber., 1909, 42, 2943) first prepared w-amino- 
3: 4-dimethoxyacetophenone by reduction of the oximino-compound 
of 3: 4-dimethoxyacetophenone, and in the present work a new 
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synthesis of the same substance has been achieved by a different 
method, the general outline of which is according to the following 
scheme : 


MeO \co-CH,C1 ali Meo/” \co-cHy N<EG C,H, 
it me 
(I) (I1.) 
Me0/ \CO-CH,-NH-CO-C,H,-CO,H 


| 
on 


> 


> 


(IIT. ) 


Me0/ \\cO-CH, NH, HCI 
MeO 
iat 


(IV.) 


The starting point of the research was the condensation of 
chloroacetyl chloride with veratrole (Tutin, T., 1910, 97, 2510); 
and a difficulty arose at this point, in proceeding from I to II by 
condensation of the former with potassium phthalimide, owing to 
the fact that condensation product I had undergone demethylation. 
As it was found impossible to proceed with the synthesis in the 
presence of free hydroxy-groups, which interfered with the reaction 
of potassium phthalimide, it was necessary to methylate the sub- 
stance. The ordinary method of dissolving the hydroxy-compound 
in alkaline solution, and adding methyl sulphate, could not be 
used, as the chloroacetophenones were resinified in the presence of 
any aqueous alkaline solution. A special method, which had to be 
adopted, consisted in dissolving the chlorohydroxyacetophenone in 
dry xylene, and adding twice the necessary quantity of methyl 
sulphate and an equal weight of potassium carbonate; by heating 
the mixture at the boiling point of xylene a fully methylated pro- 
duct could be obtained. 

The further stages in the synthesis presented few difficulties, but 
it may be pointed out that care must be taken in proceeding from 
the phthalamic acid, III, to IV, in which case the hydrochloric 
acid used must be diluted, concentrated acid producing rapid de- 
composition. A similar series of experiments was carried out with 
homoveratrole, with equal success. 

The phthalimino-compound ITI was also prepared by condensing 
veratrole with phthaliminoacetyl chloride in the presence of 
aluminium chloride. This method does not offer a convenient 
means for obtaining any quantity of these compounds, the yields 
being very small. 

T. B. Johnson (J. Amer. Chem. Soc., 1913, 35, 1014) has found 
that chloroacetophenones of the type described, on reduction with 
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zinc amalgam, lead to the formation of alkylphenols by elimination 
of chlorine, and complete reduction of the ketone group ; but during 
the course of some experiments it was found that when the reduc- 
tion was carried out in dilute acetic acid solution by the addition 
of zinc dust, the halogen was completely eliminated, but the ketone 
group was unattacked, and in this way the hydroxyacetophenones, 
as well as the methyl ethers, were obtained. 

Ketones of the nature of aminoacetophenones, obtained as 
described in the above scheme, condense in the form of their hydro- 
chlorides with potassium thiocyanate, as was first shown by Gabriel 
(Ber., 1894, 2'7, 1037). The same reaction was thus applied to the 
two amino-ketones under consideration, resulting in the formation 
of 2-thiol-4-(3/: 4!-dimethoryphenyl)glyoxaline (V) and 2-thiol- 
4-(4': 5!-dimethoxy-o-tolyl)glyoxaline (V1): 


[These substances can react in a tautomeric form between the 
carbon atoms a and 8, as was first shown by Pyman in the case of 
4-(or 5-)methylglyoxalines (T., 1910, 97, 1814), but the authors 
were unable to pursue this question owing to want of material.] 

The substances V and VI, by oxidation with 10 per cent. nitric 
acid or with an alcoholic solution of ethyl nitrite, lead to the 
corresponding glyoxalines (VII) and (VIII), which could not be 
isolated in a pure condition, but a description of the salts of these 
bases is given. 

The above reaction with potassium thiocyanate was extended by 
using potassium selenocyanate instead of the former, and the seleno- 
derivatives analogous to the above thio-compounds were produced 
(IX and X), and from these the same glyoxalines were obtained : 
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The authors wish to thank Miss Leonore Kletz for assistance 
with the work in the earlier part of the paper. 


EXPERIMENTAL. 
w-Chloro-3 : 4-dimethoxyacetophenone, C,H,(OMe),*CO°CH,Cl. 


The preparation of this substance was carried out by condensing 
chloroacetyl chloride with veratrole in (a) carbon disulphide, (6) 
light petroleum (b. p. 80—90°), and (c) nitrobenzene in the 
presence of aluminium chloride. The properties of the substances 
obtained vary according to the solvent used, which is due to the 
amount of demethylation taking place during the reaction. 

Methods (a) and (6) gave a mixture of the methylated com- 
pound and the free hydroxy-compound, which were separated as 
described by Tutin (loc. cit.) ; but as this procedure leads to a poor 
yield of the dimethoxy-derivative, the mixture, which boils at 
195°/12 mm., was methylated as described below. 

(c) The yield of the hydroxy-compound was increased by using 
nitrobenzene as the solvent, and warming the mixture for eight 
hours at 40° when the whole was in solution. 

The product distilled at 190°/12 mm., and solidified to a reddish, 


crystalline mass, which, after several times crystallising from ethyl 

alcohol, and finally from benzene, was obtained in reddish prisms, 

melting at 173°, which is the melting point of w-chloro-3: 4- 

dihydroxyacetophenone (Mannich and Hahn, Ber., 1911, 44, 1548). 
The yield was equal to 82 per cent. of the veratrole used. 


Methylation of the Dihydroxy-compound. 


Fifty grams (1 mol.) were dissolved in xylene, and 63 grams 
(2 mols.) of methyl sulphate and 80 grams (24 mols.) of potassium 
carbonate added, and the mixture was heated in an oil-bath at 
130° for six hours, with frequent shaking. The mixturé was then 
poured into water, and the xylene layer separated. The xylene 
was removed from this layer by distillation in a current of steam, 
and the oil remaining was extracted with ether. The substance 
obtained was distilled under diminished pressure, when it boiled 
at 190°/12 mm., and solidified on cooling to a pale yellow mass. 
This crystallised from benzene or xylene in prisms, melting at 101°, 
which were insoluble in potassium hydroxide, and gave no colora- 
tion with ferric chloride. (Found, C=55°89; H=5°32; Cl=16°82. 
C,)>H,,0,Cl requires C=55°94; H=5°12; Cl=16°55 per cent.) 
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4: 5-Dimethozy-o-tolyl Chloromethyl Ketone, 
CH,°C,H,(OMe),*CO-CH,Cl. 


Experiments were performed with homoveratrole, similar to those 
described above in the case of veratrole, the results of which were 
the same, the yields being as good as those indicated by methods 
(a) and (c) previously described. 

The dihydroxy-compound obtained distilled at 1879/14 mm., and 
solidified to a crystalline mass, which crystallised from benzene or 
xylene in small needles, melting at 128°, and gave a bluish-green 
coloration with ferric chloride. It is very soluble in the usual 
organic solvents, and dissolves in potassium hydroxide with an 
orange-coloured solution : 

0°1203 gave 0°0862 AgCl. Cl=17°7. 

C,H,O,Cl requires Cl=17°7 per cent. 

The methylation of the above substance was carried out as 
previously described for the veratrole derivative. The product 
crystallised from ethyl alcohol or benzene in colourless needles, 
melting at 89°, and distilled at 182°/13 mm. It did not give a 
coloration with ferric chloride, and was insoluble in potassium 
hydroxide : 

0°1136 gave 0°2410 CO, and 0°0583 H,O. C=57°86; H=5°70. 

0°2091 ,, 01320 AgCl. Cl=15°5. 

C,,H,,;0,Cl requires C=57'77; H=5°69; Cl=15°5 per cent. 


Reduction of the Chloroacetophenones Described Above. 


The following method was used to reduce the chloroacetophenones 
just described. 

15 Grams of the chloro-ketone were dissolved in 100 c.c. of 
ethyl alcohol, 20 c.c. of dilute acetic acid (1 part in 8 parts of water) 
added, and the mixture was warmed at 40°; 5 grams of zinc dust 
were now added to the solution. At the end of one hour 20 c.c. of 
dilute acetic acid were again introduced, and the mixture was 
warmed for a further period of two hours. The solution was then 
filtered from an excess of zinc dust, and the alcohol removed by 
distillation under slightly diminished pressure (600 mm.). The 
residue was poured into water and extracted with ether; the 
ethereal extract was washed twice with very dilute sodium 
carbonate solution, and dried. The product solidified after 
evaporation of the ether, and was crystallised from benzene con- 
taining a little light petroleum. The product in each case was 
found to be free from chlorine, and the melting points agreed 
with the substances already well known. 
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w-Chloro-3 : 4-dihydroxyacetophenone gave, according to the 
above method, 3: 4-dihydroxyacetophenone, melting at 114°. This 
substance was methylated according to the method described, and 
gave 3: 4-dimethoxyacetophenone, melting at 48°; the latter was 
also obtained by reduction of w-chloro-3: 4-dimethoxyacetophenone 

In a similar manner, 4: 5-dihydroxy-o-tolyl chloromethyl 
ketone and the corresponding dimethoxy-compound were reduced 
to 4: 5-dihydroxy-o-tolyl methyl ketone, crystallising from ethyl 
alcohol in white flakes, melting at 164° (Found, C=64°88; 
H=6°00. C,H,,O, requires C=65°06; H=6°02 per cent.); and 
4: 5-dimethoxy-o-tolyl methyl ketone, crystallising from methyl 
alcohol in needles, melting at 68° (Found, C=67°95; H=7°2. 
C,,H,,0; requires C=68°04; H=7'21 per cent.) (compare Harding 
and Weizmann, T., 1910, 97, 1126). 


wo-Phthalimino-3 : 4-dimethoxyacetophenone, 
C,H,(OMe).*CO-CHy NCO) >C,H,. 


(1) Twenty-one grams (1 mol.) of w-chloro-3: 4-dimethoxyaceto- 
phenone were dissolved in dry xylene, 25 grams (1} mols.) of 
potassium phthalimide were added, and the mixture was heated 
in an oil-bath at 130—140° for three hours. The xylene was then 
removed in a current of steam, and the orange-coloured cake re 
maining, which solidified on cooling, crystallised from acetic acid 
in yellow needles, soluble in ethyl alcohol or carbon disulphide, 
and melting at 202° (compare Farbenfabriken vorm. F. Bayer & 
Co., D.R.-P. 209962). 

(2) The same compound was obtained by condensing phthalimino- 
acetyl chloride with veratrole in nitrobenzene solution in the 
presence of aluminium chloride. The yield by this method is very 
small, being only 15 per cent. of the veratrole used. 


w-Phthalamino-3 : 4-dimethoxyacetophenone, 
C,H,(OMe).°CO-CH,*NH-CO-C,H,°CO,H. 


Twenty grams of the above phthalimino-compound were made 
into a thin paste with ethyl alcohol, and then 10 grams of potassium 
hydroxide dissolved in 30 c.c. of water were added, the mixture 
being warmed on the water-bath until solution had taken place. 
After the alcohol had been removed by means of a current of 
steam, the mixture was cooled in ice, and the free acid precipitated 
by the addition of dilute hydrochloric acid. The acid, which is 
thus obtained as an oily mass, solidified after being kept in ice 
for some time, and was collected, washed, and dried; it crystallises 
from glacial acetic acid in small, white needles, melting and decom- 
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posing at 173°, with loss of water and the formation of the 
phthalimino-compound, which melted at 202°: 
0°1632 gave 0°3750 CO, and 0°0752 H,O. C=62°66; H=5'12. 
0°1658 ,, 6°3 c.c. Nz (moist) at 20° and 750°5 mm. N=4'4l. 
C,3H,,0,N requires C=62°66; H=4'95; N=4°08 per cent. 


w-A mino-3 : 4-dimethozyacetophenone H ydrochloride, 
C,H;(OMe),-CO-CH,*NH,,HCI. 


The above acid can be very easily decomposed so as to yield 
the amino-ketone hydrochloride, by warming it on the steam-bath 
with concentrated hydrochloric acid (D 1°06), or by heating it in 
a sealed tube with dilute hydrochloric acid, at 105°, for one hour. 
The finely powdered acid was mixed with hydrochloric acid and 
f heated for about half an hour on the water-bath, when the major 
} part had passed into solution. The solution was then evaporated 
on the water-bath until the phthalic acid was seen to deposit, and 
allowed to cool. The filtered solution was then extracted several 
times with ether, decolorised by boiling with animal charcoal, and 
finally evaporated fo dryness under diminished pressure, the hydro- 
chloride being left as a yellow powder, which crystallised from 
ethyl alcohol in small, white needles, melting at 218° to a dark red 
liquid. 

The properties of the hydrochloride are identical with those 
described by Pictet and Gams (Joc. cit.). On treatment with alka- 
line reagents, a characteristic pink coloration was produced. The 
platinichloride crystallises from a mixture of methyl alcohol and 
water in bright yellow leaflets, melting at 224°: 


0°3816 gave 0°0930 Pt. Pt=24:27. 
(C,9H,,03N).,H,PtCl, requires Pt=24°37 per cent. 


4: 5-Dimethozy-o-tolyl Phthaliminomethyl Ketone, 
C,H,Me(OMe),*CO-CHy NCO >O,H,. 


This substance was prepared (1) by condensing 4: 5-dimethoxy-o- 
tolyl w-chloromethyl ketone with potassium phthalimide in an 
exactly similar way to that described under the corresponding 
veratrole derivative, and (2) by condensing phthaliminoacetyl 
chloride with homoveratrole. It crystallises from acetic acid. in 
colourless needles, melting at 159°, and is soluble in ethyl alcohol : 


0°1304 gave 0°3198 CO, and 0°0598 H,O. C=66°88; H=5°09. 
01182 ,, 4°17 c.c. N, (moist) at 17° and 756 mm. N=4'44. 
C,,H,,0O;N requires C=67°26; H=5°01; N=4'1 per cent. 
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4: 5-Dimethozy-o-tolyl Phthalaminomethyl Ketone, 
C,H,Me(OMe),-CO-CH,*NH°CO-C,H,°CO,H. 


This was obtained from the previous compound by the method 
already described. It is a pale yellow, crystalline powder, melting 
and decomposing at 174—175°, with loss of water and formation 
of the above phthalimino-compound, which melted at 159°: 

0°1786 gave 0°4184 CO, and 0°0904 H,O. C=63°88; H=5°62. 

0°1610 ,, 5°2 c.c. Ne (moist) at 20° and 748°6 mm. N=3°'77. 
C,9H,;,0,N requires C=63°87; H=5°32; N=3'9 per cent. 


4: 5-Dimethozy-o-tolyl Aminomethyl Ketone Hydrochloride, 
C,H,Me(OMe),*CO-CH,°NH,,HCIl. 

The acid prepared above was decomposed with hydrochloric acid 
as described for the lower homologue. The amino-ketone hydro- 
chloride crystallises from methyl or ethyl alcohol in needles, melt- 
ing at 204° to a red liquid: 

0°1051 gave 0°2079 CO, and 0°0602 H,O. C=53'94; H=6'36. 

01684 ,, 86 c.c. N, (moist) at 17°5° and 747 mm. N=5'94. 

01152 ,, 0074 AgCl. Cl=15°8. 

C,,H,,0;N,HCl requires C=53'76; H=6°51; N=5°74; Cl=15°33 
per cent. 

The platinichloride was obtained in yellow leaves, melting and 
decomposing at 211°: 

0°3568 gave 0°0835 Pt. Pt=23°40. 

(C,,H,;03N).,H,PtCl, requires Pt=23°28 per cent. 

The aurichloride crystallises from alcohol as a red, crystal- 
line powder, melting and decomposing at 175—176°, and sparingly 
soluble in hot water: 

0°1584 gave 0°0570 Au. Au=35'92. 

C,,H,,O;N,HAuCl, requires Au=35°88 per cent. 


2-Thiol-4-(3! : 4!-dimethozyphenyl)glyoxaline (V). 

Four grams of the hydrochloride of w-amino-3: 4-dimethoxy- 
acetophenone were dissolved in 6 c.c. of water; a hot solution of 
5 grams of potassium thiocyanate in 8 c.c. of water was added, and 
the mixture heated on the steam-bath for an hour. 7 

The thiol-glyoxaline separated on cooling, and crystallised from 
ethyl alcohol as a pale yellow powder, melting and decomposing at 
131—132°. It crystallises from hot water in needles, and has the 
characteristic bitter taste of this class of substances. 

When an aqueous solution was treated with gold chloride solu- 
tion,*a bluish coloration was produced, but the gold salt could not 
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be isolated (compare the action of platinic chloride described 
below) : 
0°1250 gave 0°2585 CO, and 0°0618 H,O. C=56'4; H=5°5. 
0°2235 ,, 22°5 c.c. Ne (moist) at 16° and 756 mm. N=11°66. 
01183 ,, 01167 BaSO,. S=13°58. 
C,,H,,0,N,8 requires C=56'4; H=5'0; N=11°8; S=13°58 per 
cent. 


4-(3': 4'!-Dimethoxyphenyl)glyoxaline (VII). 


The oxidation of the thiol derivative was effected (1) with 10 per 
cent. nitric acid, (2) with 50 per cent. alcoholic ethyl nitrite, and 
(3) with platinic chloride solution. 

(1) Four grams of the thiol compound were gradually added to 
a warm 10 per cent. solution of nitric acid (60 c.c.), the brown 
fumes being allowed to subside before each addition. The solu- 
tion was warmed on the water-bath for an hour, filtered, and 
allowed to cool. Long needles separated, which on recrystallisation 
from hot water gave colourless needles (0°8 gram), melting at 179°, 
and proved to be veratric acid. (Found, C=59°05; H=5'78. 
Calc., C=59°30; H=5'5 per cent.) 

The filtrate was heated with the necessary quantity of barium 
nitrate to remove the free sulphuric acid, and the solution, after 
filtration, evaporated to about 20 c.c. After some time crystals 
were deposited, which separated from methyl alcohol in pale 
yellow, rhombic prisms, consisting of the nitrate of the base, and 
melting and decomposing at 132°: 

0°1678 gave 0°2842 CO, and 0°0706 H,O. C=49'14; H=4°68. 

O-1177 ,, 105 cc. N, (moist) at 16° and 770 mm. N=10°79. 
C,,H,,0.N,,HNO, requires C=49°44; H=4°87; N=10°5 per cent. 

The mother liquor from the nitrate obtained as described above 
was treated with solid potassium carbonate, when a brownish oil 
separated, which was extracted with benzene. The benzene solu- 
tion was warmed with a little animal charcoal and filtered; after 
evaporation of the solvent an oil remained, which possessed a 
characteristic amine-like odour, being sparingly soluble in water 
with an alkaline reaction; it was not obtained in a sufficiently 
pure state for analysis, but the following salts were obtained. 

The platinichloride crystallises from ethyl alcohol in pale yellow 
leaves, melting and decomposing at 217°: 

0°1242 gave 0°0294 Pt. Pt=—23°66. 

(C,,H,0,N2)2,HoPtCl, requires Pt=23'55 per cent. 

The aurichloride crystallises from ethyl alcohol in red, rhombic 

prisms, melting and decomposing at 153°: 
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0°1144 gave 0°0416 Au. Au=36°36. 
C,,H,,0,N,,HAuCl, requires Au =36°24 per cent. 

The picrate, obtained by treating an aqueous solution of the 
nitrate with the necessary quantity of picric acid dissolved in 
water, separated from hot water as a pale yellow, crystalline 
powder, which did not melt at 250°, and exploded in a combustion 
tube: 

0°1444 gave 17°7 c.c. N, (moist) at 15° and 760 mm. N=16°21. 

C,,H,,0,N,,C5H,0;N, requires N=16°08 per cent. 

(2) The oxidation with ethyl nitrite was effected in the follow- 
ing way: 2°5 grams of the thiol compound were dissolved in ethyl 
alcohol, and then 10 c.c. of a 50 per cent. solution of ethyl nitrite 
slowly added; the addition of 10 c.c. of the latter was repeated 
four times until 50 c.c. had been added, allowing the reaction to 
subside before each new addition. The mixture was then boiled 
for one and a-half hours, and the alcohol distilled off; a brownish 
oil remained, which was dissolved in water, and the solution boiled 
with animal charcoal. The sulphuric acid was removed by means 
of the necessary quantity of barium nitrate, and the solution 
treated as described above. The same salts were thus obtained; 
the formation of veratric acid was also observed, but not in as 
large amount. 

(3) On treatment of the thiol compound with an excess of an 
alcoholic solution of platinic chloride, a red coloration: was pro- 
duced, which disappeared on warming, and a yellow, crystalline 
platinichloride was deposited, which was identical with that 
described in method (1) (compare the action of ferric chloride, 
Pyman, T., 1911, 99, 2175). 


2-Thiol-4-(4! : 5!-dimethozy-o-tolyl) glyoxaline (V1). 


This was obtained as described for the analogous veratrole com- 
pound ; it crystallised from methyl alcohol as a pale yellow powder, 
melting at 155°; its properties are the same as those described for 
the lower homologue: 

0°2252 gave 0°4732 CO, and 0°1125 H,O. C=57'3; H=5°6. 

00984 ,, 9c.c. N, (moist) at 18° and 761mm. N=10°83. 

02004 ,, 0°1860 BaSO,. S=12°69. 

C,.H,,0.N.S requires C=57°6; H=5°6; N=11:2; S=12°8 per 
cent. 

The platinichloride crystallised in bright yellow leaves, melting 
at 227—228°, corresponding with that of the sulphur-free com- 
pound, 

3Z 2 
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4.-(4! : 5/-Dimethozy-o-tolyl) glyozaline (VIII). 

This was obtained from the thiol compound, in the form of its 
salts, by the same methods of oxidation as previously described for 
the lower homologue. 

The platinichloride crystallises from methyl alcohol in pale yellow 
leaves, melting and decomposing at 228°: 

0°1300 gave 0°0294 Pt. Pt=22°61. 

(C,,H,,0,N,).,H,PtCl, requires Pt=22°77 per cent. 

The aurichloride crystallises from methyl alcohol in red, rhombic 
prisms, melting and decomposing at 179°: 

0°1157 gave 0°0410 Au. Au=35°35. 

C,,H,,O,N,,HAuCl, requires Au=35'34 per cent. 

The picrate separates from hot water as a yellow, crystalline 
powder, which does not melt at 250°: 

0°1455 gave 16°6 c.c. N, at 18° and 768 mm. N=15°6. 

C,.H,,0,N,,C,H,0;N, requires N=15°6 per cent. 

During the oxidation a small quantity of an acid, melting at 
146° and crystallising from hot water in white leaves, was obtained, 
which appears to be a dimethoxytoluic acid (4: 5-dimethoxy-o-toluic 
acid melts at 145°): 

0°1262 gave 0°2820 CO, and 0°0681 H,O. C=61:12; H=6'00. 

Cy9H,,0, requires C=61'2; H=6'12 per cent. 


2-Selenomercaptan-4-(3!: 4!-dimethozyphenyl)glyoxaline (IX). 

This was prepared from w-amino-3: 4-dimethoxyacetophenone 
hydrochloride by condensing it with potassium selenocyanate. 

2°3 Grams of the hydrochloride were dissolved in 10 c.c. of ethyl 
alcohol, and a solution of 1°5 grams of potassium selenocyanate in 
6 cc. of ethyl alcohol was added gradually. The mixture was 
then warmed on the steam-bath for fifteen minutes, and then 
filtered from the potassium chloride and a little selenium which 
had deposited. On cooling, crystals separated from the alcoholic 
solution, and these were recrystallised from methyl alcohol, being 
obtained as a white, crystalline powder, which gradually turned 
red on keeping, due to a deposition of selenium. For this reason 
the melting point was not sharply defined, and the purest sample 
melted at 115—117°, and was decomposed completely at 120°: 

0°1316 gave 0°2222 CO, and 0°0553 H,O. C=46:05; H=4°67. 

01372 ,, 10°8c.c. N, (moist) at 12° and 771 mm. N=9°60. 

071212 ,, 0°0332 Se. Se=27°4. 
C,,H,,0,N,Se requires C=46°66; H=4'6; N=9°87; Se=27°8 per 
cent. 
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The substance is soluble in hot water, but when warmed for 
some time selenium is deposited as a red precipitate, which turns 
black on boiling. The deposition of selenium is hastened in the 
presence of mineral acids like hydrochloric acid, and the selenium 
may be quantitatively determined by passing sulphur dioxide 
through the solution in the presence of hydrochloric acid, and 
collecting the selenium deposited. 

A solution of the substance in hydrochloric acid, after filtering 
the precipitated selenium, gave a platinichloride, which melted at 
217°, and was identical with the platinichloride of the glyoxaline 
itself. (Found, Pt=23°65. Cale., Pt=23°55 per cent.) 


2-Selenomercaptan-4-(4! : 5!-dimethoxy-o-tolyl)glyoxaline (X). 


This was obtained in a similar way to the compound just 
described, and possessed the same properties. It separated from 
methyl alcohol as a crystalline powder, which fused at 159°, and 
was completely melted at 163°: 

0°1149 gave 0°2053 CO, and 0°0490 H,O. C=48°78; H=4'7. 

0°1496 ,, 11°4 c.c. Np (moist) at 21° and 763 mm. N=8°85. 

01407 ,, 0°0375. Se=26°70. 

C,.H,,0,N,Se requires C=48°48; H=4'7; N=9°2; Se=26°60 per 
cent. 

The platinichloride melted at 227°, and was identical with that 
obtained from the glyoxaline. (Found, Pt=22°76. Calc., 


Pt=22°77 per cent.) 


Tue UNIVERSITY, 
MANCHESTER. 


Cli.—The Action of Chromic Chloride on the 
Grignard Reagent. 


By Gzorce MacponaLp Bennett and Evstace EBENEZER TURNER. 


THE object of this investigation was to obtain organo-metallic deriv- 
atives of chromium. With this end in view, the anhydrous 
chloride, CrCl,, was treated with the Grignard reagent, and the 
product worked up in the usual way. When the anhydrous chloride 
was added to the ethereal solution of the Grignard reagent, a 
vigorous reaction took place, but the desired product, an organo- 
metallic compound of the type CrR, (or possibly CrR,Cl or CrRCl,) 
was not isolated. This is, however, in harmony with the fact 
pointed out by one of us recently (P., 1914, 30, 4) that elemerts 
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in even series and in sub-group A of the Periodic Classification 
are unable to form organo-metallic derivatives. 

The reaction first studied, namely, that between chromic chloride 
and magnesium phenyl bromide, proved to be of considerable 
interest from another point of view. It was found that diphenyl 
had been produced in considerable quantity. The only way in 
which it has been found possible to account for this is to assume 
that the chromic chloride is reduced to chromous chloride according 
to the equation: 


2CrCl, + 2C,H;-MgBr=C,H,°C,H, + 2CrCl, + MgCl, + MgBry, 


and experiments in which the chromous salt was estimated (by 
adding an excess of standard potassium dichromate solution and 
titrating with ferrous ammonium sulphate solution) show that this 
explanation is probably correct. The actual weight of diphenyl 
obtained was larger than that required by the above equation, but 
it is well known that a certain amount of diphenyl is always 
produced in the preparation of magnesium phenyl bromide, and 
it was thought that this fact would account for the excess of 
diphenyl] isolated. 

In order to settle this point, and to test whether the chloride 
had any catalytic effect, two parallel experiments were carried out 
under exactly similar conditions, equal weights of magnesium 
phenyl bromide being prepared in each case, to one of which one- 
third of an equivalent of chromic chloride was added, but to the 
other none. 

The difference between the weights of diphenyl obtained in the 
two cases corresponded (within the limits of experimental error) 
with the weight of chromic chloride used, on the basis of the above 
equation ; the latter thus receives additional support, and catalytic 
action on the part of the chromic chloride is shown to be out of 
the question. 

The reducing action of the Grignard reagent has been observed 
in several cases, notably in the case of azobenzene, which is reduced 
to hydrazobenzene (Franzen, Ber., 1905, 38, 2716). 

In view of the extreme simplicity and rapidity of the reaction 
thus discovéred, it was deemed probable that it would be of 
general practical value. When magnesium benzyl bromide was 
used instead of the phenyl compound an excellent yield of almost 
pure s-diphenylethane (dibenzyl) was obtained within a few hours 
of commencing the preparation. 

Grignard reagents from a-bromonaphthalene and piodotoluene 
similarly gave almost theoretical yields of aa-dinaphthyl and 
4:4/-dimethyldipheny]l. 

Whilst the expensiveness of the chromic chloride is a drawback, 
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the extreme simplicity with which it has been possible to obtain 
good yields of the diphenyl type of hydrocarbon must be taken 
into consideration. It is indeed doubtful whether by any other 
method such comparatively pure products are obtainable in a 
short time. 

Among aliphatic compounds, isoamyl iodide has alone been made 
use of, but further experiments will be made in this direction. The 
yield of dissoamyl was unsatisfactory. 

One strange anomaly has been met with which remains totally 
unexplained. The Grignard reagent prepared from o-iodotoluene 
appeared to react with the chromic chloride in the usual way, but 
no 2:2/-dimethyldiphenyl could be isolated. Two repetitions of 
this experiment, using o-iodotoluene and o-bromotoluene respec- 
tively, gave similar negative results. 

Finally, an attempt was made to prepare unsymmetrical hydro- 
carbons by a similar process; for example, Grignard reagents 
obtained from a-bromonaphthalene and piodotoluene were mixed 
and treated with the chloride in the hope that the reaction 
expressed by the equation: 

C,,H,*MgBr + C,H,*MgI + 2CrCl, = 

2CrCl, + C,,)H,"C,H, + ClMgBr + ClMgI 
would occur. No definite evidence was obtained of the production 
of anything but the two simpler hydrocarbons, dinaphthyl and 
dimethyldiphenyl; and an attempt to prepare propylbenzene on 
similar lines was scarcely more successful. 

It was thought possible that anhydrous ferric chloride might 
react in a similar manner with the Grignard reagent. The analo- 
gous reaction does not, however, occur in this case, since the 
diphenyl] actually isolated is easily attributable to the reaction: 

2C,H,;Br + Mg = MgBr, + C,H;"C,H,;, 
which always occurs to some extent during the preparation of 
aromatic Grignard reagents. No organic derivative of iron was 
isolated, and the reaction products have not been examined 
further. 
EXPERIMENTAL. 


Preliminary Experiment.—In this experiment the quantities used 

were those required to satisfy the equation: 
CrCl, + 3C,H;-MgBr =3ClMgBr + Cr(C,H;)s. 

7°2 Grams of magnesium turnings were dissolved in 50 grams of 
bromobenzene and 200 c.c. of dry ether, and treated with 15 grams 
of chromic chloride with continual shaking and cooling. After the 
vigorous reaction had subsided, the mixture was heated on the 
water-bath for an hour and a-half and left overnight. The 
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product was decomposed with ice-cold water and dilute acid, 
extracted repeatedly with ether, and the latter filtered, dried, and 
evaporated. 14°4 Grams of diphenyl (m. p. 70—71°) were obtained. 
(Found, C= 93°35; H=6°69. Calce., C=93°46; H=6°54 per cent.) 


Estimation of Chromous Chloride produced in the Reaction. 


In the following experiment all the operations were carried out 
in an atmosphere of hydrogen, to avoid the oxidation, by atmo- 
spheric oxygen, of the chromous chloride produced. 

0°97 Gram of magnesium was dissolved in an ethereal solution 
of 6°9 grams of bromobenzene. 5°25 Grams of chromic chloride 
were added, and, after the reaction had subsided, the product was 
treated with water (free from air) and dilute acid, and finally a 
known excess of standard potassium dichromate solution. The 
dichromate was then titrated with ferrous ammonium sulphate 
solution. 

CrCl, used = 5°25. 

CrCl, cale.=4°07. Found: (I) 2°8; (II) 3°4 grams. 


Estimation of Diphenyl produced in the Reaction. 


Two parallel experiments were performed. 

Two equal quantities (5°7 grams) of magnesium were dissolved 
in two equal quantities (36°6 grams) of bromobenzene. To one 
of the solutions so obtained 5°3 grams of chromic chloride were 
added. Both mixtures were then heated under reflux on the 
water-bath for four hours, and the products worked up. 

Experiment 1.—No CrCl, added. Benzene found=14°4; diphenyl 
found=5°3 grams. 

Experiment 2.—CrCl, added. Benzene found=7°8; diphenyl 
found=7°7 grams. 

The diphenyl due to the chromic chloride is thenehere 2°4 grams, 
whereas the above equation requires 2°57 grams. The agreement 
is satisfactory, and it is also evident that no catalysis had 
occurred. 

The details of the following experiments are all precisely similar, 
and need not be repeated in each case. The Grignard reagent was 
made up in the usual way, the powdered chromic chloride slowly 
added, with frequent shaking, and the flask finally heated on the 
water-bath for from one to two hours. The product was then 
decomposed with water and dilute acid, and isolated by extraction 
with ether. 
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s-Diphenylethane (Dibenzyl), Cy4Hy,. 


5°25 Grams of magnesium, 50 grams of benzyl bromide, and 
31°6 grams of chromic chloride gave 28 grams of s-diphenylethane, 
m. p. 52°. (Found, C=92°16; H=7°89. Cale., C=92°25; H=7°75 
per cent.) 
aa-Dinaphthyl, Co,Ay4. 


31:1 Grams of a-bromonaphthalene, 3°69 grams of magnesium, 
and 24 grams of chromic chloride gave 21°6 grams of crude 
aa-dinaphthyl, which, on crystallisation, furnished colourless 
needles, melting at 154°. (Found, C=9418; H=5°82. Calec., 
C=94'45; H=5°55 per cent.) 


4:4!-Dimethyldiphenyl, Cy,Hy,. 


21°3 Grams of piodotoluene, 2°2 grams of magnesium, and 
14 grams of chromic chloride gave an 80—85 per cent. yield of pure 
4:4/-dimethyldiphenyl, melting at 121°. (Found, C=92°18; 
H=7°89. Cale., C=92°25; H=7°75 per cent.) 

For further identification this was converted into 4-methyldi- 
phenyl-4’-carboxylic acid by oxidation with chromic acid. The 
white solid melted at 235° (uncorr.), whilst Carnelley (T., 1877, 
32, 653) gives 245—250° (corr.). (Found [by titration with 
alkali], M.W.=201. Calc., M.W.=212.) 


Diisoamyl, Cy )H.»- 


50°4 Grams of isoamyl iodide, 6°1 grams of magnesium, and 
38 grams of chromic chloride gave 4°1 grams of a liquid boiling 
at 143—160°. On fractionation, 1°3 grams were obtained, boiling 
at 158—159°. 


Attempt to prepare a-p-Tolylnaphthalene. 


41°4 Grams of a-bromonaphthalene, 43°6 grams of piodotoluene, 
9°73 grams of magnesium, and 63°2 grams of chromic chloride 
furnished a liquid which, on fractionation under diminished 
pressure, gave successively toluene, naphthalene, 4:4/-dimethyl- 
diphenyl, and aa-dinaphthyl. a-pTolylnaphthalene could not be 
identified. 
n-Propylbenzene, CyH4o. 


47°5 Grams of bromobenzene, 19 grams of propyl bromide, 
74 grams of magnesium, and 47°4 grams of chromic chloride gave 
0°5 gram of a liquid boiling at 158—159° (n-propylbenzene boils 
at 158°5°), in addition to much diphenyl, hexane, and benzene. 
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Use of Ferric Chloride. 


81 Grams of ferric chloride, 3°2 grams of magnesium, and 
23°8 grams of bromobenzene (that is, three equivalents of the 
Grignard reagent) gave a brown liquid, which was shaken with 
benzene to precipitate ferric chloride, the benzene being evaporated 
and the residue distilled in a current of steam. 3°4 Grams of 
diphenyl were obtained in this way. The residue was dissolved 
in benzene, and repeatedly washed with water to remove ferric 
chloride; the solution was dried and evaporated, leaving 2°4 grams 
of a resinous solid, which has not yet been identified, but contains 


no organo-compound of iron. 


In conclusion, we wish to express our thanks to Prof. J. T. 
Hewitt, F.R.S., for his interest in this work, and to the Research 
Fund Committee of East London College for defraying the cost 
of some of the materials used in this investigation. 


East Lonpnon CoLuEGrE. 
UNIVERSITY OF LONDON. 


CIIl.—Dibenzoylglucoxylose: A Natural Benzoyl 


Derivative of a New Disaccharide. 
By FREDERICK BELDING Power and ArTHuR HENRY SaLway. 


IN a previous communication (this vol., p. 767) it was shown that 
the bitter taste which characterises the leaves and stems of the 
Australian shrub Daviesia latifolia, R. Br., is due to the presence 
of a considerable proportion of a crystalline substance, dibenzoyl- 
glucoxylose, which melts at 147—148°, and possesses the empirical 
formula C,;H.,0;.,H,O. This substance appears to represent an 
entirely new type of naturally occurring compounds, and, since a 
comparatively large amount of it was available, the opportunity 
has been utilised of subjecting it to a complete examination. 


Properties of Dibenzoylglucoxylose. 


Dibenzoylglucoxylose is only sparingly soluble in cold water, 
ether, or chloroform, but readily so in alcohol or hot water. In 
the nearly pure condition it is best crystallised from the latter 
solvent, when it separates in well-formed prismatic needles, contain- 
ing one molecule of water of crystallisation. It possesses an 
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extremely bitter taste, and as this property is also exhibited, 
although in a less degree, by penta-acetyldextrose (Ber., 1889, 22, 
1466), it is possibly common to the acyl derivatives of the sugars. 
The substance has no reducing action on Fehling’s solution. It is 
strongly levorotatory, its specific rotation having been determined 
with the following result: 


0°5094,* made up to 20 c.c. with methyl alcohol, gave a, —5°26/ 
in a 2-dem. tube, whence [a], —106°7°. 


Penta-acetyldibenzoylglucoxylose, C,H 30;)(CO*C,H;).*(CO*CHs);. 


This compound was prepared primarily for the purpose of obtain- 
ing a derivative of dibenzoylglucoxylose which would be suitable 
for the determination of the molecular weight of the latter by the 
eryoscopic method. A quantity of dibenzoylglucoxylose was heated 
for several hours with an excess of acetic anhydride, and the pro- 
duct then poured into water, when the acetyl derivative quickly 
separated in the solid state. This was collected and purified by 
crystallisation from absolute acetic acid, from which it was deposited 
in slender needles, melting at 203°. The substance was analysed, 
and its molecular weight determined, with the following results: 

0°1002 gave 0°2094 CO, and 0°0473 H,O. C=57:°0; H=5'2. 

0°2964 in 26°3 nitrobenzene gave At—0°110°. M.W.=717. 
0°2609 ,, 27°4 absolute acetic acid gave At—0°048°. M.W.=778. 
Cy;H3,0,, requires C=57°5; H=5°2 per cent. M.W.=730. 

The number of acetyl groups in this compound cannot be ascer- 
tained from its analysis, but an investigation of the action of alkali 
hydroxides on it and the original dibenzoyl compound, as described 
below, indicated that five acetyl groups were present. It is, how- 
ever, evident from the above results that the original compound, 
dibenzoylglucoxylose, is correctly represented by the formula 
C,;H.,0;, thus confirming the previous determination of its 
molecular weight (loc. cit.) by the microscopic method. 

Penta-acetyldibenzoylglucoxylose is sparingly soluble in alcohol, 
but more readily so in benzene, chloroform, or acetic acid. It is 
quite insoluble in water, and possesses only a faintly bitter taste. 


Alkaline Hydrolysis of Dibenzoylglucozxylose. 


Formation of Glucoxylose, Cy;H)019, and Benzoie Acid. 


In order to ascertain the best conditions for the alkaline hydro- 
lysis of the compound, a number of preliminary experiments were 
first conducted with the use of a known volume of standard alkali 
under varying conditions, and determining the amount of alkali 


* Anhydrous substance. 
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consumed by subsequent titration with acid in the presence of 
phenolphthalein. It was thus found that concordant results could 
not be obtained when the substance was heated with aqueous or 
alcoholic alkali, since the amount of the latter neutralised in the 
reaction was proportional to the time of heating. Very satisfactory 
results were obtained, however, by the use of alkali hydroxides at 
the ordinary temperature. In a series of experiments in which the 
substance was dissolved in aqueous sodium hydroxide, and the 
mixture kept for lengths of time varying from five minutes to 
twenty-four hours, the same amount of alkali was required for the 
hydrolysis in each case. For periods of less duration than five 
minutes the hydrolysis was incomplete. The alkali liquids result- 
ing from the above treatment yielded benzoic acid on acidification, 
and it was thus evident that with the use of cold alkali the benzoyl 
groups were rapidly eliminated from the compound. By employing 
this method for the determination of the benzoyl groups, the follow- 
ing results were obtained : 

0°1328 * required for hydrolysis 5'1 c.c. V/10-NaOH. C,H,;-CO= 

40°3. 

0°2572 * required for hydrolysis 9°9c.c. V/10-NaOH. C,H,;-CO= 

40°4, 

0°1605 * required for hydrolysis 6°1 c.c. ¥/10-NaOH. C,H;-CO= 

39°9. 
C,,H,,0,.(CO°C,H;). requires CsH;-CO=40°4 per cent. 

A similar quantitative experiment was conducted with the penta- 
acetyl derivative of the above compound for the purpose of deter- 
mining the number of acetyl groups present. In this case, how- 
ever, owing to the sparing solubility of the substance, it was neces- 
sary to keep the mixture of finely powdered material and aqueous 
sodium hydroxide for several days at the ordinary temperature 
before complete solution was effected. The result then obtained 
was as follows: 

0°1050 * required for hydrolysis 9°85 c.c. V/10-NaOH. 

Calculated amount required for 

C,,H,;0;9(CO-C,H;),(CO-CH;),=10°1 c.c. 

It is thus evident that the acetyl derivative of the compound 
contains five acetyl groups, in addition to the two benzoyl groups. 

Having ascertained by experiments on the small scale that the 
benzoyl groups of dibenzoylglucoxylose can readily be eliminated 
as above described,-it was next deemed desirable to subject larger 
quantities of material to the same treatment in order to isolate and 
examine the hydrolytic products. Accordingly, 25 grams cf 
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dibenzoylglucoxylose were dissolved in hot water, and the solution 
rapidly cooled, after which 600 c.c. of W/3-aqueous barium 
hydroxide were added, and the mixture kept for several hours 
at the ordinary temperature. The barium was then exactly pre- 
cipitated by the addition of an equivalent amount of dilute 
sulphuric acid, and the mixture filtered. The precipitate of barium 
sulphate was washed with ether, and the filtrate also thoroughly 
extracted with the same solvent, the ethereal liquids being then 
united, dried, and the solvent removed. A crystalline residue 
(12 grams) was thus obtained, which separated from hot water in 
colourless leaflets, melting at 121°. This substance was identified 
as benzoic acid. (Found, C=686; H=5°0. Cale, C=68'9; 
H=4'9 per cent.) 

The aqueous liquid which had been extracted with ether for the 
removal of the benzoic acid was concentrated under diminished 
pressure at 70° to a small bulk. A syrupy residue was thus 
obtained, which did not crystallise after keeping for several days. 
In order to remove the last traces of water from this material, it 
was dissolved in hot methyl alcohol, and the solution evaporated 
under diminished pressure, the process being ultimately repeated in 
a vacuum desiccator. The material was then obtained as a nearly 
colourless, amorphous, horn-like solid, which rapidly absorbed 
moisture on exposure to the air. Many attempts were made to 
obtain the substance in a crystalline state, but hitherto without 
success. An analysis of the amorphous substance gave the follow- 
ing result: 

0°1086 * gave 0°1674 CO, and 0°0622 H,O. C=42°0; H=6°4. 

C,,H 901) requires C=42°3; H=6°4 per cent. 

The above-described substance is thus seen to possess the formula 
C,,;H590j), and the hydrolysis of the original compound may there- 
fore be represented by the following equation: 

C25H,0}2 + Ba(OH), = Ba(C,H; 02). + Cy Hojo. 

A consideration of the properties of the substance C,,H, O09, as 
described below, renders it evident that it is a disaccharide which 
contains both a dextrose and xylose complex, and hence it has been 
designated glucozylose. 


Properties of Glucozylose, Cy;HoOjo. 


Glucozylose is extremely soluble in water, readily so in methyl 
alcohol, but only moderately so in absolute ethyl alcohol. Its 
aqueous solutions have a sweet taste, and are levorotatory, but do 
not reduce Fehling’s solution, and do not yield an osazone. 
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The optical rotation of glucoxylose could not be determined 
directly on account of its hygroscopic nature and the deepening of 
colour produced on drying it at an elevated temperature. The 
determination of its rotation was therefore accomplished indirectly 
in the following manner: 

1:1050 Grams* of dibenzoylglucoxylose (=0°6630 gram of gluco- 
xylose) were hydrolysed by cold aqueous barium hydroxide, and the 
barium was then exactly precipitated by its equivalent of sulphuric 
acid. The precipitate of barium sulphate was subsequently 
removed by filtration, washed well with water, and the filtrate and 
washings made up to the volume of 100 c.c. This solution, con- 
taining the glycoxylose, together with some benzoic acid, gave 
a, —0°29’ in a 2-dem. tube, whence [a],—36°5°. A second deter- 
mination, performed in a similar manner, gave [a],—35°8°. It may 
be considered that the accuracy of these results would not be 
appreciably influenced by the small amount of benzoic acid present 
in the solution. 

A quantity of glucoxylose was heated for some time with acetic 
anhydride for the purpose of preparing an acetyl derivative, but 
the product could not be obtained in a crystalline state, and there- 
fore was not further investigated. 


Acid Hydrolysis of Glucoxylose. 
Formation of Dextrose and Xylose. 


To an aqueous solution of glucoxylose, prepared from 20 grams 
of the dibenzoyl derivative, such an amount of sulphuric acid was 
added as to have the latter represent 5 per cent. of the total 
liquid, and the mixture then heated at 100° for about an hour. 
The sulphuric acid was afterwards removed by the addition of an 
exact equivalent of barium hydroxide, and the mixture filtered. 
The filtrate, which was now dextrorotatory, was concentrated under 
diminished pressure until the water was removed as completely as 
possible. The residual syrup was then dissolved in hot absolute 
alcohol, and ethyl acetate cautiously added to the solution, when, on 
cooling, a syrupy deposit was produced, from which the mother 
liquor was decanted. The latter was kept for several days, when 
hard, wart-like aggregates of anhydrous crystals, melting at 146°, 
were gradually formed. This crystalline substance was collected 
and analysed. (Found, C=40°0; H=6'7. C,H,.O, requires 
C=40°0; H=6°7 per cent.) 

An aqueous solution of the substance exhibited the phenomenon 
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of mutarotation, and, after equilibrium had been established, its 
specific rotatory power was determined : 

0°1180, made up to 20 c.c. with water, gave a, + 0°37! in a 2-dem. 

tube, whence [a], + 52°3°. 

The substance yielded an osazone, which melted and decomposed 
at 210°. 

These results thus conclusively prove that dextrose is one of the 
hydrolytic products of the disaccharide, designated as glucoxylose. 

The above-mentioned first deposit of syrupy liquid yielded a 
mixture of osazones melting at 185°, and it was therefore evident 
that it contained some other sugar besides dextrose. The results 
obtained by the analysis of the original crystalline compound, and 
the primary products of its hydrolysis, had furthermore rendered 
it highly probably that this other sugar was a pentose. In order 
to effect its isolation, the whole of the sugar remaining from the 
above acid hydrolysis was dissolved in 300 c.c. of water, a small 
amount of yeast added, and the mixture kept at a temperature of 
35—40° for several days. After the fermentation had ceased, and 
the destruction of the dextrose was complete, the mixture was 
filtered, and the liquid evaporated at 90° under diminished pressure. 
The syrup thus obtained was only slightly dextrorotatory. 
Attempts were made to crystallise the sugar from absolute alcohol 
and ethyl acetate, but only amorphous flakes were formed, whilst 
its concentrated aqueous solution did not crystallise after being kept 
for a long time. A portion of the syrup was therefore employed 
for the preparation of an osazone, which, when crystallised from 
dilute alcohol, separated in clusters of yellow needles, melting at 
157—158°: 

0°1050 gave 0°2396 CO, and 0°0600 H,O. C=62°2; H=6'3. 

C,,H,0,N, requires C=62°2; H=6'1 per cent. 

The result of this analysis renders it evident that the osazone is 
derived from a pentose, and, furthermore, an examination of the 
products of hydrolysis of the disaccharide, as described below, 
indicated that this pentose possesses an optical rotation equal to 
that of xylose. When the osazone melting at 157—158° was mixed 
with a specimen of xylosazone of known purity, no depression of 
the melting point was observed. There can consequently be little 
doubt that the pentose formed in the above-described hydrolysis is 
xylose, although the isolation of the latter in a crystalline state was 
not effected. 

The formation of dextrose and xylose by the acid hydrolysis of 
the disaccharide is therefore to be represented by the following 


equation : 
Cy; H 99049 + HO = CHO, + C5H 103. 
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Inversion of Glucoxylose-—As already stated, aqueous solutions 
of glucoxylose are levorotatory, but on heating with mineral acids 
they become dextrorotatory, owing to the formation of dextrose 
and xylose. This change, being analogous to that produced when 
sucrose is inverted, may be termed the inversion of glucoxylose, 
although the optical rotations of the two primary sugars and their 
products of inversion are in opposite directions. 

Preliminary experiments showed that the change of rotation is 
rapidly completed by heating the glucoxylose for ten minutes at a 
temperature of 80° with mineral acids of 5 per cent. strength. The 
following experiments were according conducted : 

(1) 1:°2780 Grams*. of dibenzoylglucoxylose (=0°7668 gram of 
glucoxylose) were converted into the disaccharide, as previously 
described, and the latter was dissolved in 100 c.c. of water. This 
solution gave a,—0°33/ in a 2-dem. tube. It was then inverted by 
the addition of 10 c.c. of concentrated hydrochloric acid and heat- 
ing for ten minutes, when the rotation in a 2-dem. tube became 
a, + 0°29!. 

(2) 1:1050 Grams* of dibenzoylglucoxylose (=0°6630 gram of 
glucoxylose) were converted into the disaccharide, and the latter 
was dissolved in 100 c.c. of water. This solution gave a,—0°29/ in 
a 2-dem. tube, and after inversion the rotation was a, + 0°26’. 

With the assumption that the hydrolytic products of the 
disaccharide are dextrose ([a],+52°5°) and xylose ([a],,+18°1°), it 
is possible to calculate the rotation after inversion by means of the 
equation : 

(180 A +150 B), 
312x100 | 


where {=the length in decimetres of the tube in which the rotation 
is observed, p the weight of glucoxylose (M.W.=312) represented 
by 100 c.c. of the final liquid after inversion, and A and B the 
specific rotations of dextrose (M.W.=180) and xylose (M.W.=150) 
respectively. Applying this equation to the experiments noted 
above, the calculated rotations are: (1) a,+0°33/, and (2) 
a, +0°28’, whilst the rotations found by experiment were 
a, + 0°29’ and a,+0°26’ respectively. 

It is thus seen that the rotation of the hydrolytic products of 
glucoxylose is in agreement, within the limits of experimental 
error, with the calculated results. 


ap =lp 


Since pure glucoxylose has no reducing action on Fehling’s 
solution, it is to be concluded that it does not contain a carbonyl 
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group. It must, therefore, be represented by the following consti- 
tutional formula: 


HO-CH,-CH(OH)-CH[CH-OH}],CH-0-CH|CH-OH],-CH-CH,-OH. 
! I | ! 
—O —0 


The position of the benzoyl groups in dibenzoylglucoxylose has 
not as yet been ascertained. 


THE WELLCOME CHEMICAL RESEARCH LABORATORIES, 
Lonpon, E.C. 


CIV. —The Ignition of Some Gaseous Mixtures by the 
Electric Discharge. 


By Husert Frank Cowarp, CHARLES Cooper, and JuLius Jacoss. 


Attempts have been made in various ways to compare the in- 
flammability of one gaseous mixture with another, and the results 
have in some cases been used as evidence of the nature of the 
chemical reaction concerned, in others as throwing light on the 
physico-chemical processes involved. Thus, in the series of 
hydrogen—oxygen mixtures, the following observations have been 
made: 

(1) The ignition-temperature falls somewhat with increase in 
the proportion of oxygen. (Mallard and Le Chatelier, Ann. des 
Mines, 1883, [viii], 4, 286; H. B. Dixon, T., 1910, 97, 676.) 

(2) The thinnest inflammable layer is a minimum for the mixture 
of approximate composition H,+O,. (F. Emich, Monatsh., 1897, 
18, 6; 1898, 19, 299; 1900, 21, 1061.) 

(3) The rate of propagation of flame in the initial period of 
inflammation is a maximum for electrolytic gas. (Mallard and 
Le Chatelier, Ann. des Mines, 1883, [viii], 4, 328.) 

(4) The rate of propagation of the explosion wave increases with 
increase in the proportion of hydrogen. (Dixon, Phil. Trans., 
1893, 184, 97.) 

The explanation of the last statement is that the rate of an 
explosion wave depends on the density of the gas mixture, much 
in the same way as the rate of propagation of a sound wave. An 
explanation of the third statement is based on the belief that in 
this case the flame is propagated by conduction of heat from layer 
to layer of the mixture. The amount of heat conducted in unit 
time must depend on (a) the thermal conductivity of the mixture, 
(6) the amount of heat developed by the burning layer. The 
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latter is a maximum for electrolytic gas, and diminishes with 
increase in the proportion of hydrogen more rapidly than the 
thermal conductivity increases, so that the rate of the flame is 
greatest in electrclytic gas. The explanation of the second state- 
ment, offered by Emich, is that hydrogen burns with oxygen, as 
represented in the scheme: 


+0--0 HO 0 
+ |; 
H,+0--0 HO 0 


or, more definitely, that the reaction depends on the ready dissocia- 
tion of oxygen molecules into free atoms. The first statement was 
not accompanied by an explanation. 

Another means for comparing the inflammability, or sensitive- 
ness to ignition, of a series of mixtures is the determination of the 
least pressure necessary for ignition of each mixture by the electric 
discharge. The experiments are quite simple, since they require 
only ordinary care in the use of apparatus to enable consistent 
results to be obtained. The conditions for ignition of electrolytic 
gas have been investigated by Coward, Cooper and Warburton 
(T., 1912, 101, 2278). They have shown that the minimum 
pressure under which electrolytic gas will inflame depends so much 
on the character of the electric discharge used that it is not difficult 
to initiate a flame at 5 mm. pressure, although minute sparks have 
been seen to fail (F. Emich, Monatsh., 1897, 18, 6) when the 
pressure of the gas was atmospheric. A flame once started in 
electrolytic gas seems capable of indefinite propagation in all direc- 
tions, and leaves unburnt only a thin layer of gas in contact with 
the cool walls of the containing vessel. 

The comparative sensitiveness to ignition of various mixtures is 
most conveniently determined when the pressures are of the order 
of 50 or 100 mm., so that an electric discharge of only moderate 
igniting power was used for most of the experiments described 
below. Hence the figures given do not represent the least pressures 
at which the gaseous mixtures may propagate flame, but the least 
pressures at which they have been ignited with the chosen experi- 
mental arrangement. In most cases much smaller values could be 
obtained by the use of a stronger discharge. The term “ignition- 
pressure” is, nevertheless, used in the present communication to 
designate the limiting pressure for ignition with the given spark- 
gap, coil, and cells. 


Relative Ignition-pressures of Mixtures of Hydrogen and Oxygen. 


In table I are given the ignition-pressures of a series of mixtures 
of hydrogen and oxygen determined in a globe with a 2 mm. 
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spark-gap at the centre. The discharge was obtained from a small 
induction coil with 4 volts in the primary circuit, an arrangement 
which gave a spark just capable of crossing a 1°5 cm. air-gap at 
normal pressure. The trembler of the coil was replaced by a simple 
break for inducing a single discharge in the secondary coil, and 
consequently through the spark-gap. [Electrolytic gas prepared 
from hot baryta solution was mixed with the requisite quantity of 
electrolytic hydrogen or oxygen, and the mixture roughly dried by 
slow passage through a long U-tube filled with solid potassium 
hydroxide. The composition of these and other mixtures used was 
checked by analysis. 


TaBLeE I. 
Partial pressure of 
Ignition- , 
Per cent. pressure. Hydrogen. Oxygen. 

Mixture. hydrogen. mm. mm. mm. 
12H,+0, 92-3 485 448 37 
11H,+0, 91-7 341 313 28 
8H,+0, 88-9 212 188 24 
6H,+ 0, 85-7 183 157 26 
4H,+0, 80-0 149 119 30 
3H,+ 0, 75-0 123 92 31 
2H,+0, 66-7 103 69 34 
H,+ 1-50, 40-0 53 21 32 
H,+-1-70, 36-7 53 19 34 
H,+2-00, 33-3 45 15 30 
H,+3-00, 25-0 52 13 39 
H,+5-00, 16-7 54 9 45 
H,+-7-50, 11-8 57 7 50 
H,+ 10-00, 9-1 72 7 65 
H,+ 10-40, 8-8 68 } Incomplete 6 62 
H,+ 14-00, 6-7 80 Jj combustion 5 75 


These results, plotted in curve No. 1 (Fig. 1), show a minimum 
ignition-pressure with gases containing from 60 to 85 per cent. of 
oxygen, so that these experiments afford no obvious indication of 
the proportions in which hydrogen and oxygen react initially. 
The temperatures attained by the combustion of these mixtures 
have been calculated with due allowance for the effect of incomplete 
combustion (dissociation of water) in a manner explained in an 
appendix to the present communication, and prove to be as 
follows: 


TaBLeE II. 
Ignition-pressure. 
Mixture. mm. Flame-temperature. 
2H +O, +4, ..cccccccsssscesees 183 2660° 
2H, 4-Oo+- 2H, ..cccccccecceccoses 149 3230 
NN shtaraasiatescssassensneess 103 3460 
2H 4-04-20 gq ..cccccccccccccoces 53 3010 
STEAD F Oy cccccccosccssccese 49 2580 


It is evident that the relative ignition-pressures are governed by 
some factor or factors more important than reacting proportions or 
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flame temperatures. Further consideration of this point is post- 
poned until some more experimental evidence is quoted. 

In the meantime, the results show some curious features when 
analysed, as follows: 

The lower curve in Fig. 1 (No. 2) indicates the pressure of 
electrolytic gas present in each of the mixtures at the ignition- 
pressure ; the crest of this curve is at the composition 2H,+0O,. It 
shows that electrolytic gas at a pressure somewhat too low for 
ignition by the sparking arrangement used may, nevertheless, be 
inflamed after the addition of a suitable amount of either oxygen 
or hydrogen, with the same sparking arrangement; the influence 
of oxygen is, however, much more marked than that of hydrogen. 
Thus, for example, electrolytic gas at a pressure of 80 mm. may 
be inflamed with the sparking arrangement in use after the addition 
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of either: (a) 23 mm. of electrolytic gas itself, or (b) 8 mm. of 
oxygen or more, up to at least 720 mm., or (c) 90 mm. of hydrogen 
or more, up to 210 mm. 

Also, electrolytic gas at 50 mm. may be inflamed after the 
addition of either: (a) 53 mm. of electrolytic gas itself, or (4) 
17 mm. of oxygen and upwards to at least 450 mm., but cannot 
be inflamed after the addition of hydrogen alone in any amount. 

The results of some experiments with stronger igniting dis- 
charges are plotted in Fig. 2. The uppermost curve is a repro- 
duction of curve No. 1, and of the two lower ones, No. 3 represents 
the results obtained in the same apparatus with a stronger igniting 
spark obtained by the use of a 12-volts battery with the same 
coil, whilst curve No. 4 represents the results obtained with a 
larger coil and a spark-gap of 40 mm. (see also table III). 
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Taste IIT. 


Ignition-pressure. 


Mixture. Per cent. hydrogen. mm. 
H+ 0-500, .....cscercereerecceeees 66-7 8-7+0-1 
H+ 1-100, ....cccccececcecceceeees 47-6 7-9+0-1 
H, at+1- 450, sndcdseseccesasesesesece 40-8 7-3+0-1 

HH, +1 "— TET 34-0 7-9+0-1 
ae , iA 21-0 8-1+0-1 
RE 11-0 8-9+0-1 


These prove that all the ignition-pressures shown in the upper 
curve are the minimum pressures at which the given spark will 
ignite the various mixtures, not the minimum pressures under 
which the mixtures will propagate flame. Hence the interpreta- 
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tion of the results is concerned only with the initiation of the 
flame. 

} Similar results were obtained when an air-gap of 17 mm. was 
introduced into the secondary circuit of the smaller coil (table IV). 


TaBLeE IV. 
Ignition-pressure 
Mixture. Per cent. hydrogen. mm. 
GTB FD ccccccccccsccccccscressese 80-0 93 
BET, 4- Oy. ccccccccccccceccccsssoccse 66-7 63-5 
Tht Dy cccccccsccccrccoccscccceses 50-0 53-5 
H,+20, ...... TERRI SO 33-3 46 


Ssedesserasasdnonsanecnes 20-0 
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At this stage of the experiments we thought to explain the 
results by the widely differing conductivities for heat of the two 
gases concerned. Thus, since mixtures rich in oxygen are corre- 
spondingly low in thermal conductivity, the heat of a spark is 
conserved within narrow bounds until the end of the “ pre-flame” 
period, whilst with increasing proportions of hydrogen the heat is 
more and more dissipated, and in consequence less efficient for 
ignition. A greater pressure of mixture is necessary, therefore, to 
produce a strong enough spark. 

This hypothesis, although alone it has proved to give an in- 
complete explanation, led to still more surprising experimental 
results in suggesting the determination of ignition-pressures of 
mixtures of electrolytic gas with nitrogen, with carbon dioxide, 
and with water vapour. 


Relative Ignition-pressures of Mixtures of Electrolytic Gas and 
Nitrogen. 

These mixtures were tested with a discharge which ignited 

electrolytic gas at 50 mm. pressure. Curve No. 5 (Fig. 3) shows 
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the ignition-pressures of various mixtures, curve No. 6 the partial 
pressures of electrolytic gas present in them. It is seen that 
electrolytic gas at a pressure of about 20 mm. is not inflammable 
with the sparking arrangement in use, but may be inflamed after 
addition of anything from 8 to 60 mm. of nitrogen, whereas no 
less than 30 mm. of electrolytic gas itself must be added to produce 
the same result. It is perhaps hardly necessary to add that the 


nitrogen used was free from oxygen. 


Relative Ignition-pressures of Mixtures of Electrolytic Gas and 
Carbon Dioxide. 

Curves 7 and 8 (Fig. 4) show the ignition-pressures of the 

mixtures and the partial pressures of electrolytic gas respectively. 
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Carbon dioxide in moderate amount aided the ignition of electro- 
lytic gas, its cooling effect only becoming marked close to that 
limiting dilution, beyond which ignition is impossible. Here, by 
virtue of its high specific heat, its extinctive:- action on flame is 
stronger than that of a similar excess of nitrogen or oxygen. As 
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in the case of dilution with nitrogen, the addition of carbon dioxide 
is more effective in promoting the ignition of electrolytic gas than 
the addition of electrolytic gas itself, provided, of course, that 
the pressure of the original electrolytic gas is not too low. 
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Relative Ignition-pressures of Mixtures of Electrolytic Gas and 
Water Vapour. 


In order to obtain mixtures containing high percentages of 
water vapour at the temperature of the laboratory, it is, of course, 
necessary to work at low pressures. Hence the numbers obtained 
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are liable to a greater proportionate experimental error than are 
those of most of the previous series. Curves 9 and 10 (Fig. 5) 
show, respectively, the ignition-pressures of mixtures and the 
partial pressures of electrolytic gas in them, and prove that the 
partial pressure of the electrolytic gas in the mixtures which are 
just inflammable falls as the percentage of water increases. 

The results obtained with mixtures of electrolytic gas and 
nitrogen show that the predominant factor in the fall of ignition- 
pressure on dilution with oxygen (Figs. 1 and 2) is not an “activa- 
tion” of oxygen. Until these experiments with nitrogen had been 
done, it was possible to ascribe the low ignition-pressures of mixtures 
rich in oxygen to such an activation as P. J. Kirkby (Proc. Roy. 
Soc., 1911, A, 85, 151) has shown to occur, and Emich (loc. cit.) 
had previously postulated—an atomisation of oxygen prior to its 
union with hydrogen. The present experiments are not in any 
way in conflict with Kirkby’s views; but this stage in the reaction 
is apparently not of great influence in determining the results of 
the present experiments. 

The experiments with nitrogen are not, however, quite so con- 
clusive as they appeared at the time. Nitrogen itself may be 
activated under the influence of a certain type of electric dis- 


charge, as R. J. Strutt has shown, so that the final proof rests 
with some experiments in which argon was the diluent. These are 
quoted below in table V. 


Comparative Experiments with Mixtures of Electrolytic Gas and 
Various Diluents. 


Whilst the individual results of each of the previous series of 
experiments were obtained under comparable conditions, the 
various series are not comparable with one another. For a com- 
parison of the effects of the previously used diluents and some new 
ones, a series of mixtures was made containing electrolytic gas and 
25 or 50 per cent. of the diluent in each case. Argon and helium 
were introduced as presumably chemically inert diluents. All the 
gases were stored, measured, and mixed over mercury, and were 
roughly dried by contact with solid potassium hydroxide. At 
frequent intervals during the experiments the ignition-pressure of 
electrolytic gas was redetermined, and was found constant within 
2 mm. 

Table V shows the results obtained. 
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TABLE V. 


P Thermal - Thermal 
Composition of conduc- Composition of . conduc- 
mixture. tivity. mixture. . tivity. 
23-05 x 10-° 
25-2 2H,+0,+3H,.... 27-4 x 1075 
25-8 2H,+0O,+3He ... 28-4 
18-3 2H,+0,+3A .... 13-4 
18-6 2H,+0,+3N, ... 14-1 
18-1 2H,+0,+3C0.,... 13-1 
18-7. 2H,+0,+30, ... 14-3 
18-2 2H,+0,+3N,0 . 13-2 
17-7 


Inspection of the table shows at once a general agreement with 
our hypothesis; helium, of thermal conductivity nearly the same as 
hydrogen, raises the ignition-pressure to almost exactly the same 
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extent; argon, nitrogen, and especially carbon dioxide, lower the 
ignition-pressure; nitrous oxide lowers the ignition-pressure most 
of all the diluents, although the ignition-pressure of the hydrogen 
and nitrous oxide mixture is considerably higher than that of 
electrolytic gas. A different method of presenting the results 
brings out their nature more clearly. In Fig. 6 the mean thermal 
conductivities of the mixtures, calculated from the table in Kaye 
and Laby’s “Physical and Chemical Constants,” are plotted 
against the partial pressures of electrolytic gas in the various 
mixtures used. This shows: 

(1) That electrolytic gas diluted with any of the specified 
diluents up to 50 per cent. of the whole gave a mixture in which 
the partial pressure of electrolytic gas at the ignition-pressure was 
lower than the ignition-pressure of pure electrolytic gas itself. 
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(2) That electrolytic gas diluted with hydrogen was ignited 
slightly more easily than when diluted with helium to form a 
mixture of the same thermal conductivity. : 

(3) That electrolytic gas diluted with oxygen or nitrous oxide 
was ignited rather more easily than when diluted with carbon 
dioxide, nitrogen, or argon, when mixtures of equal thermal con- 
ductivity are compared. In the case of nitrous oxide, this may be 
due to the positive heat effect of the decomposition of nitrous oxide. 
The great influence of oxygen and nitrous oxide suggests, how- 
ever, that there is some assistance rendered by the “activation” of 
oxygen, in the way suggested by Kirkby. 

(4) That mixtures of electrolytic gas diluted with argon, nitrogen, 
or carbon dioxide are nearly equally inflammable when mixtures 
of equal thermal conductivity are compared. 

The figures of this last series (table V) may be compared, in 
some instances, with earlier ones for the same mixtures. A general 
agreement exists, although a strict proportionality is not found, 
nor was it to be expected. Two results show somewhat striking 
differences, namely, those where oxygen and nitrogen were used as 
diluents, in which there is a more powerful depressing effect on 
the ignition-pressure in the former series than in the latter. The 
experimental arrangement for the two series differed in that the 
sparking wires were covered nearly to the tips in the earlier experi- 
ments, and were bare in the later series. The great influence 
exerted by the nature of the apparatus on the relative effects of 
different diluents is still further emphasised by the following 
results, obtained with electrodes coated with glass up to 1 mm. or 
so from the tips: 

TaBLeE VI 
Ignition- | Ignition- 
Composition of pressure | Composition of pressure. 
mixture. mixture. / 


EES yl | 
Eo RE 2H, + 0.+ 3Ns 
EAMG. sedigacenniias 


and in an apparatus with electrodes with enlarged ends, the rest 


covered with glass: 
Taste VII. 
Ignition- Ignition- 
Composition of pressure. | Composition of pressure. 
mm. | mixture. mm. 


Ce ee 17 


The result with oxygen in table VI is similar to the correspond- 
ing one in table I; the results with nitrogen show much less de- 
pressing influence than those in Fig. 3, and are more like those of 
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table V. The results with nitrogen of table VII are stiil further 
from the earlier ones, but even in this extreme case the partial 
pressure of electrolytic gas at the ignition-pressure of the diluted 
mixtures is lower than the ignition-pressure of pure electrolytic gas. 

For a series of comparative experiments, it is therefore essential 
to fix the form of apparatus and the method of producing the 
electric discharge, and to remember that the results apply to the 
experimental arrangement used, not necessarily to any other. This 
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is another illustration of the complexity of the problem under 
consideration. 


Relative Ignition-pressures of Mixtures of Cyanogen and Oxygen. 


In the mixtures of oxygen and hydrogen, oxygen was by far the 
worse conductor of heat. In these mixtures of cyanogen and 
oxygen, oxygen is now the better conductor.* 

Experiments carried out in a globe with a 2 mm. central spark- 
gap, the discharge being produced by the smaller of the two coils 
in use, excited with 12 volts in the primary, gave results shown in 
curve 11, Fig. 7. The addition of oxygen to the mixture 


* Direct measurements of the conductivity of cyanogen are not available, but a 
rough estimate may be made by means of the formula 
k=1°603n0,, 
where & is the thermal conductivity, » the viscosity, and C, the specific heat at con- 
stant volume, of the gas. For cyanogen, 9 is known, and C, may be roughly esti- 
mated. Calculation in this way gives the conductivity of cyanogen as approximately 
one-third of that of oxygen. 
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C.N,+20, produced at once a rapid increase in ignition-pressure, 
thus resembling the addition of hydrogen to the mixture O.+ 2H. 
Similarly, the addition of cyanogen, although not for a while 
having much influence on the ignition-pressure, decreases consider- 
ably the partial pressure of the mixture C,N,+ 20, present at each 
ignition-pressure (see Curve 12). 

This series of experiments shows no indication of activation of 
oxygen by the resolution of its molecules into atoms, or otherwise. 


Relative Ignition-pressures of Mixtures of Methane and Oxygen. 


Fig. 8 shows the results obtained with the same apparatus as 
was used for the cyanogen and oxygen mixtures. Curve 13 is 
comparable with the curves obtained for hydrogen and oxygen, 
since the lighter gas of higher thermal conductivity, methane, 
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raised the ignition-pressure of the mixtures, whilst the addition 
of oxygen rendered the mixtures more inflammable. The thermal 
conductivities of methane and oxygen are, however, not greatly 
different (6°47 x 10-5 and 5°63x 10-5), and it seems that another 
explanation must be sought for the form of these curves. The 
experiments with carbon monoxide quoted below gave a clue to the 
nature of a more important factor operative in these experiments. 


Relative Ignition-pressures of Mixtures of Ethylene and Oxygen. 


These experiments are of especial interest in that ethylene, 
although the lighter gas, has a lower thermal conductivity than 
oxygen (3°95x10-5 and 5°63x10-5 respectively). Fig. 9 shows 
the results obtained with the same apparatus as was used in the 
two previous series of experiments. Curve No. 15 shows a slight, 
steady fall in ignition-pressure in the central portion of the curve 
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(8 to 35 per cent. of ethylene), in accordance with the thermal 
conductivity figures. The rise on the left is perhaps due to an 
early liberation of hydrogen in the path of the discharge. The 
rise on the extreme right is due to the approach of the mixtures 
to the dilution-limit of inflammability; it is not peculiar to this 
mixture, but happens to have been followed further than with 
some of the others. 


Relative Ignition-pressures of Mixtures of Carbon Monoxide and 
Oxygen. 


Experiments with these mixtures throw additional light on the 
nature of ignition, for the specific heats of the two gases are 
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approximately equal, and their thermal conductivities are 
5'10x 10-5 and 5°63x10-5 respectively, an inconsiderable differ- 
ence in comparison with the difference in conductivity of hydrogen 
and oxygen. 

A series of experiments with gases roughly dried by potassium 
hydroxide gave irregular results, no doubt caused by irregular dry- 
ing. In this behaviour the carbon monoxide mixtures were 
unique in our experiments. The progressive diminution in 
sensitiveness of the mixture 2CO+O, as it was dried is indicated 
in table VIII. 


, 
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Taste VIII. 
State of mixture (2CO+0,). Ignition-pressure. 


Dried by sulphuric acid 

2 mm. aqueous vapour present 

Dried by potassium hydroxide, 2 hours 
Dried by potassium hydroxide, 21 hours 


Emich (Monatsh., 1898, 19, 299), in determining the minimum 
thickness of this mixture which would propagate a flame, obtained 
similarly irregular results with the dry mixture. Our subsequent 
experiments were carried out with mixtures saturated with water 
vapour at 17°, prior to their introduction into the sparking 


chamber. 
In table IX and curve 17 (Fig. 10) are collected the results 


obtained with a 2 mm. spark from the small coil excited with a 


12 volts battery. 
TaBLe IX. 


Per cent. calculated for 
the dried mixture. 


Carbon Ignition-pressure. 

Mixture. monoxide. Oxygen. mm. 

15-7CO+ 0, 94-0 Above 400 
15-3CO+0, 93-9 
92-5 
91-0 
88-9 
85-7 
80-0 
75-0 
66-7 
50-0 
40-0 
37-5 
35-3 
33-3 
25-0 
20-0 
18-4 
17-0 
16-0 
15-0 
} 14-3 85-7 

SS 2) eer 14-0 86-0 | Incomplete 
FOTN, ocsscsccccseses 13-8 86-2 { combustion 
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The partial pressures of the mixture 2CO+0O, in the different 
mixtures at the ignition limit are plotted in curve 18 (Fig. 10). 
This shows that the mixture 2CO+0O,, at a pressure considerably 
less than its ignition-pressure, may nevertheless be inflamed after 
the addition of a suitable amount of either carbon monoxide or 
oxygen, the latter being the more effective. This result is perhaps 
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the most curious so far obtained. The temperature developed by 
the combustion of any mixture of carbon monoxide and oxygen is 
never greater than the flametemperature of the mixture 
2CO+0O,. Thus the following values have been calculated by 
methods indicated in the appendix: 


TABLE X. 


Ignition-pressure. 
Mixture. mm. Flame-temperature. 
rt MEE cccdssssecacoveness 2580° 
2690 
2730 
2530 
2C0+0,+ 40, 2410 


The flame-temperatures are obviously not the chief factors 
governing the relative ignition-pressures of the mixtures the com- 
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position of which is not close to the dilution-limits of inflamma- 
bility. 

The thermal conductivities of the mixtures differ slightly in the 
opposite direction to that required by our hypothesis; for the con- 
ductivity of oxygen is slightly greater than that of carbon mon- 
oxide, so that the mixtures rich in oxygen would be expected to 
show a slightly quicker rise of ignition- pressure. With the almost 
complete elimination of differences in thermal conductivity and in 
flame-temperature, a cause for the favourable effect of oxygen 
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must be sought elsewhere, probably, it seems, in the atomisation 
of oxygen. Reasons were given for regarding this as of secondary 
importance to thermal conductivity changes in the hydrogen- 
oxygen series, but in the present series of carbon-monoxide—oxygen 
mixtures this activation becomes apparent. 

In this connexion should be mentioned the observation of 
Langmuir (J. Amer. Chem. Soc., 1912, 34, 860), that the dissocia- 
tion (or ozonisation) of oxygen is very considerable in the neigh- 
bourhood of 2400° absolute. 


Relative Ignition-pressures of Mixtures of 2CO+0O, and Nitrogen. 


In curve 19 (Fig. 11) are shown the ignition-pressures of a 
series of mixtures of 2CO+0O, and nitrogen, and in the lower 
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curve (No. 20) the partial pressures of the mixture 2CO+ 0). 
It is apparent that the mixture 2CO+O, at a pressure somewhat 
lower than its ignition-pressure may be inflamed after the addition 
of a suitable amount of nitrogen, although the thermal conductivity 
of nitrogen is not appreciably different from that of the mixture. 
The values for the ignition-pressures of the whole mixtures are all 
greater than the ignition-pressure of pure 2CO+0,, so that the 
function of the nitrogen is probably to increase the electrical 
resistance, and hence to render the discharge more powerful. 


Relative Ignition-pressures of Mixtures of 2CO+O, and Carbon 
Dioxide. 


Curve 21 (Fig. 12) shows the results obtained for the ignition- 
pressures of these mixtures, and curve 22 in the same figure shows 
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the partial pressures of the mixture 2CO+0O,. Carbon dioxide is 
thus shown to have very little influence on the ignition of 
2CO+0O, up to a content of 50 per cent. of carbon dioxide. 
Beyond that its cooling action becomes pronounced. 
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Comparative Experiments with Miztures of 2CO+0O, and Various 
Diluents. 


Table XI shows the results obtained with moist gases. 


TaBLe XI. 
Ignition- Partial pressure 
pressure. of 2CO-+-0O,. Thermal 
Mixture. mm- mm. conductivity. 
PEG si cacecscenscccsccass 128 128 5-20 x 10-5 
2CO+-O0,+CO........cecceee 135 101 5-15 
200 4-0,4-Oy ..ccccscccesese 125 94 5-31 
2CO+0,+N,0 .......c0000 86 64-5 4-78 
2CO+O,+H, .....ccceceee 53 40 11-86 
2CO+-0,4+-CO,q ..cscccccees 164 123 4-69 
90O+4-O,4- Ny ..ccccsccceeees 150 112 5-21 
2CO+ OA ..ccccecccseeee 150 112 4-87 
2CO+O,+He ......scccee 185 139 12-38 
2c0+0,+ Pc ncnnescunees 155 77 5-10 
2CO+-0,,4+ 30, .......cec00e 153 76 5-42 
2C0+0,4+3N,0 ...cccccee 108 54 4-35 
2CO+0,+3H, .......00000 79 39 18-53 
2CO+0,+3C0, ......0008 286 143 4-19 
20O+-On+3Ng ...ccecsceeee 195 97 5-22 
2CO+O,+3A  ...ccccccceee 189 94 4-55 
2CO+0,+3He ........066+ 300 150 19-55 


It is evident that the mixture 2CO+O, somewhat below its 
ignition-pressure may be rendered inflammable by the addition of 
a suitable amount of any of the above diluents except helium. 
Special attention may be directed towards the effect of the inert 
diluents, argon and helium. MHelium, the gas of high thermal 
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conductivity, raises the ignition-pressure considerably more than 
does argon. The latter gas, in spite of its thermal conductivity 
being less than that of the mixture 2CO+0,, raises the ignition- 
pressure, so that the discharge is probably stronger. Argon may, 
however, be added to the mixture 2CO+0O, a little below its 
ignition-pressure, and render the whole inflammable. Nitrogen is 
much like argon, but its thermal conductivity is nearly identical 
with that of 2CO+0,. Its effect is thus shown to be in the direc- 
tion of strengthening the discharge, for the total ignition-pressure 
is in each experiment greater than the ignition-pressure of the un- 
diluted mixture 2CO + O,. 

The influence of carbon dioxide, in comparison with nitrogen, 
is possibly due to its higher specific heat. 

Both nitrous oxide and hydrogen lower the ignition-pressure 
considerably, but each of these gases participates in the reaction. 

Finally, several results of this series may be compared with 
previous ones. The results with carbon monoxide, carbon dioxide, 
and nitrogen are closely parallel to the older ones; the results with 
oxygen are relatively higher. This difference is analogous to the 
recently quoted differences in the hydrogen-oxygen series. 


Relative Ignition-pressures of a Series of Explosive Mixtures in 
their Reacting Proportions. 


The results of table XII were obtained for a series of mixtures 
of carefully purified gases, all experiments being carried out in the 
same apparatus. The results are arranged in order of increasing 
ignition-pressure. 

TaBLeE XII. 


Heat of Heat of 
formation combustion 
, at 19° and at 19° and 
Ignition- constant constant Flame Thermal 
pressure. Ignition- volume.” volume.’ tempera- conduc- 
mm. temperature. Cals. Cals. ture. _tivity-° 
— 65-70 259-62 4700° (4-5) 
— 3-29 312-49 3640 5-21 
+ 27-40 339-44 3400 (5-5) 
— 57-64 3420 23-1 
+21-17 191-07 3380 5-91 
29-29 67-67 2830 5-21 
NH,+ 30,. 173 700—800 11-31 75°16 3060 5-03 


1 Dixon and Coward, T., 1909, 95, 514. 2 Thomsen, ‘* Thermochemistry.” 

* Thomsen, ‘‘ Thermochemistry.” Values calculated for gaseous water as product 
of combustion. 

* See appendix for method and data of calculation. 

5 Kaye and Laby, ‘‘ Physical and Chemical Constants,” 1911. The values for 
mixtures are assumed to be the mean of the values for their constituents. The 
numbers in brackets are approximate estimates. 
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The table shows: 

(1) No correspondence between ignition-temperatures and 
ignition-pressures (compare especially cyanogen and ammonia). 

(2) No correspondence between heats of formation and ignition- 
pressures. This is not surprising in view of modern theories of 
combustion, which are opposed to the idea of the decomposition of 
the combustible molecule prior to its association with oxygen. 

(3) No correspondence between heats of combustion and ignition- 
pressures. 

(4) With the exception of ammonia, the order of the mixtures 
for increasing ignition-pressures is the same as for diminishing 
flame-temperatures, for the flame-temperatures of ethane, hydrogen, 
and methane are not appreciably different from one another. The 
ignition-pressures of these three gases are, however, very different, 
so that there exists no simple connexion between flame-temperatures 
and ignition-pressures. This conclusion is amply confirmed by the 
hydrogen—oxygen mixtures diluted with oxygen, nitrogen, argon, 
etc. There would seem to be more hope of establishing a connexion 
between flame-temperatures and ignition-pressures by comparing 
mixtures of approximately equal thermal conductivity, but even 
then, as inspection of the table shows, no simple connexion exists. 


The Various Factors Determining an Ignition-pressure. 


For an electric discharge to initiate a flame in a gaseous mixture, 
it is necessary that sufficient energy should be liberated by the 
discharge to maintain a sufficient bulk of gas at or above its 
ignition-temperature until the end of the pre-flame period. The 
ignition-pressure is therefore a function of: 

(a) The ignition-temperature, itself dependent on the rate of 
reaction of the gaseous mixture. 

(6) The thermal conductivity of the mixture, since the heat of 
a discharge is more or less dissipated according as the thermal 
conductivity of the gases is greater or less. 

(c) The duration of the pre-flame period. 

(2) The specific heats of the gases present, since the energy 
required to raise the mixture just to its ignition-temperature is 
ineffective in promoting the inflammation of neighbouring cool 
layers of gas. 

(e) The thermal value of the reaction. 

(f) The energy liberated during the breaking down of the 
gaseous resistance by the electric discharge. 


Some idea of the relative importance of these factors in deter- - 


mining ignition may be obtained from the following considerations: 
(2) It has been shown for a series of gases mixed with oxygen 
4B2 
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that there is no correspondence between ignition-pressures and 
ignition-temperatures, so that whatever influence ignition-tempera- 
tures may have is overshadowed by other circumstances. Also, in 
the hydrogen—oxygen series, a large change in ignition-pressure is 
accompanied by a relatively small change in ignition-temperature. 

(6) and (c) The thermal conductivity of the mixture necessarily 
becomes significant if the pre-flame period is sufficiently long. The 
latter has been estimated by H. B. Dixon (T., 1911, 99, 591) to 
be of the order of ten-thousandths of a second for the mixture 
H,+30,, under conditions of temperature and pressure which were 
very favourable to rapid combustion. As the mixture of hydrogen 
and oxygen is made richer in hydrogen, the pre-flame period is 
apparently much shortened, so that the importance of the in- 
creased thermal conductivity is offset by the much diminished 
interval of time in which it may act. Unfortunately, there are no 
measurements of the duration of the pre-flame period in a series 
of hydrogen—oxygen mixtures, so that it is impossible to estimate 
the influence of the two factors (6) and (c) on ignition-pressures. 

(d) The influence of specific heat is not considerable in the series 
of ignition-pressures of hydrogen—oxygen mixtures, and is very 
nearly eliminated in the series of carbon monoxide and oxygen 
mixtures. Carbon dioxide as a diluent, in comparison with 
nitrogen, perhaps shows the influence of a higher specific heat. 

(e) The heat of reaction and the flametemperatures, provided 
that they are considerable, as is the case with mixtures the com- 
position of which is not too near to the dilution limit, have been 
shown to be of little influence in the initiation of a flame in an 
explosive mixture. This shows that the energy of the spark itself 
is the important factor in ignition, and that the heat developed by 
reaction in the path of the spark is of secondary importance. 

(f) The energy of an electric discharge is a factor of first 
importance; unfortunately, only the most meagre information on 
the subject is available. For the present work, it is desirable to 
know the relative energy effects of a discharge from a given source 
in various gases at various pressures, and also in mixtures of 
gases. The thermal effect apparently decreases with decreasing 
pressure (Poggendorff, Ann. Phys. Chem., 1855, [ii], 104, 632). It 
is also a function of the nature of the gas, for Villari (Mem. Accad. 
Sci. Ist. Bologna, 1879, [iii], 10, 162) has found the following 
relative values of the heat effect of the same amount of electricity 


discharged : 


Nitrogen . 
Hydrogen 
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These were obtained by discharging a set of Leyden jars through 
a spark-gap in a gas thermometer. It does not seem to have been 
demonstrated that the observed movements of the indicating liquid 
of the gas thermometer were due to a purely thermal effect rather 
than to the known great mechanical effect of the spark. Paalzow 
(Ann. Phys. Chem., 1866, [ii], 127, 126) had, however, already 
compared the air thermometer, the thermopile, and a mercury 
thermometer, not in absolute terms, but as regards the series of 
results each gave with, for example, a variable spark-gap or a. 
variable number of Leyden jars, or a variable external resistance. 
Thus, he obtained the following series of figures by the three 
methods when the number of jars was varied: 


TaBLeE XIII. 


Readings* on 


Air “Mercury 
Number of jars. thermometer. Thermophile. thermometer. 


1 
2 
4 
8 
12 


* These values are recalculated to a common basis of 100 in each case for twelve 
jars. 


Some experiments we have done with a gas thermometer, 
arranged somewhat as in the experiments of Kaufmann (Ann. 
Phys. Chem., 1897, [iii], 60, 653), convinced us that the effect 
observed was a mechanical one, for on the passage of a spark the 
confining liquid jumped sharply along its horizontal capillary tube 
and returned quite as sharply to within a relatively short distance 
of its initial position; the rest of its return journey was much 
slower, indicating that only this small part of the total effect was 
to be ascribed to heat. Also, the use of a much larger vessel as 
gas thermometer, with a similar spark to that used previously, 
gave a much diminished jump of the liquid in the gauge, again a 
sign that the effect was mainly mechanical. 

Nevertheless, it is possible that the mechanical effect is propor- 
tional to the igniting energy of the discharge, and in view of this 
the results were obtained with several gases: 
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TaBLeE XIV. 


Gas. Movement of liquid in gauge. 
Mi tciicelnah piaceddeiebsaateasedied 19-5 cm.* 
TARABO OM 2. cccccccccccsccscccccccccesee 19-5 
SEES «0 cocccccacececcicerccsesssconee 17-0 
Carbon monoxide...... 21-0 
I  icnibadiccccdsetes 19-0 
SE: ith uiadsacatehanduaenesonasenas 10-0 
TIE. occsccscccccccrccccccocceses 10-5 


* Each of these figures is the mean of a series of concordant values for all the 
sparks with the exception of an occasional weak one. For example, a series of air 
values was (10), 19, 21, 20, (12), 19, 20, (14), 19, 21, 18, 18, 19 cm., and the mean, 
excluding the low values in brackets, was 19°5. It is noteworthy that exceptionally 
high figures were never obtained. 


It is recognised that this method of estimating the igniting 
energy of a spark is crude; the results were obtained with a 40 mm. 
spark-gap in gas at 100 mm. pressure, a much stronger discharge 
being used than in the ignition experiments; and, finally, that this 
method cannot be employed for inflammable mixtures. The 
numbers show in a qualitative way that the energy of the spark 
must be a most important factor contributing to the great varia- 
bility in relative ignition-pressures of a series of gas mixtures; for 
example, that the values for the hydrogen—oxygen mixtures, alone 
and diluted, are much influenced by it. This series of rough 
numbers cannot serve to enable an estimate to be made of the 
relative importance in ignition of the energy of the discharge and 
the thermal conductivity of the gases, for the values of the two 
run much in the same order, a high thermal conductivity corre- 
sponding with a low energy effect, and vice versa. To differentiate 
between the effects of the two factors will require minute investiga- 
tion by new methods. 

There seems to be no doubt that to the energy of the spark 
must be ascribed much of the variation of sensitiveness of the 
hydrogen—oxygen series of mixtures; the question remains, has 
the varying thermal conductivity of the series a comparable effect ? 
We think that the variation in sensitiveness to ignition of the 
hydrogen—oxygen series will prove to be too great to be explained 
by the energy effect only, and for this reason, and because it seems 
certain that in the “ pre-flame” period there is time for the heat 
of the discharge to be sensibly dissipated, some significance must 
be given to varying thermal conductivity. 

It may now be noted that the activation of oxygen, suspected 
is a result of the carbon-monoxide-oxygen series of ignition- 
pressures, was discussed only in relation to the thermal conductivity 
hypothesis. The energy effect of the discharge in oxygen is appar- 
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ently less than the energy effect in carbon monoxide, so that con- 
sideration of this factor leaves unexplained the nature of the 
carbon-monoxide—-oxygen curves, and the assumption of an 
activation of oxygen is still necessary. 


Summary. 


The sensitiveness to ignition of various gaseous mixtures by the 
electric discharge has been compared by means of determinations 
of their ignition-pressures, that is, the limiting pressures for 
ignition with a given sparking arrangement. 

The hydrogen-oxygen series shows rapidly increasing sensitive 
ness with increasing content of oxygen, up to about 70 per cent. 


oxygen. It is shown that electrolytic gas at constant volume and . 


at a pressure somewhat below its ignition-pressure may be rendered 
inflammable by the addition of some oxygen, of greater amounts 
of hydrogen, even of nitrogen, carbon dioxide, or argon. The 
relative amounts of diluent necessary in this case, and in the case 
of carbon-monoxide—oxygen mixtures, the behaviour of cyanogen— 
oxygen, methane-oxygen, and ethylene-oxygen mixtures, and 
studies on the energy of the discharge, have led to the conclusion 
that the ignition of an inflammable gas mixture is largely governed 
by the two factors, namely, (a) its thermal conductivity, and (6) 
the energy degraded when the discharge is passed; and from the 
carbon monoxide—oxygen series, alone and with diluents, that an 
activation, probably an atomisation, of oxygen provides a third 
factor of considerable influence. The present experiments do not 
indicate whether ignition is ultimately a thermal or an electronic 
effect, or, if electronic, whether ignition is the result of the high 
degree of compression in the path of the discharge, due to the 
mutual repulsion of electrons. 

The cooling influence of a diluent becomes marked only when 
the composition of a mixture approaches its dilution-limit of in- 
flammability. 

In view of these considerations, it is improbable that Emich’s 
interpretation of his observations of the thinnest inflammable 
layers of various mixtures of hydrogen and oxygen (loc. cit.) is 
correct, but rather that the phenomenon has a more physical 
interpretation, in which thermal conductivities of the gases and 
variable energy of the discharge play important parts. 

An explanation may now be suggested for H. B. Dixon’s 
observation of a falling ignition-temperature of the same mixtures 
with increasing oxygen content. Ignition was occasioned by 
adiabatic compression in a cylindrical vessel fitted with a piston, 
and was shown photographically to occur at a point, or rather in 


Satsen 


pei Seat ae wa Se ced 2 eatin 


Sosa echo ales Meal 2 2 od 


rete eo es 


is 


Se 


TOU A MN AA MEER Re 


1092 THE IGNITION OF SOME GASEOUS MIXTURES, ETC. 


some small region of the gas, whence it spread throughout the 
mixture. This localised over-heating would tend to be maintained 
better in a gas of lower thermal conductivity, so that ignition would 
occur with lower compression in the mixtures richer in oxygen. 
An interesting test of the value of this explanation would be 
provided by determinations of the ignition-temperatures of mixtures 
of electrolytic gas with argon, helium, etc. 


APPENDIX. 


The Calculation of Flame Temperatures. 


These temperatures have been calculated from the values 
recently obtained by Bjerrum (Zeitsch. physikal. Chem., 1912, 79, 
513, 537) for the specific heats of the gases concerned, at constant 
volume, and for the degree of dissociation of water vapour and 
carbon dioxide at high temperatures. Some extrapolation is still 
necessary in order to find values for these data at the temperatures 
attained by the various flames, especially the hottest ones. It is 
perhaps unnecessary to enter into a detailed explanation of the 
method of calculation, but the chief assumptions used may be 
enumerated. They are: (1) That in the flame there exist only 
molecular oxygen, hydrogen, nitrogen, carbon monoxide, carbon 
dioxide, water vapour, and nitric oxide. (2) That specific heats at 
constant volume approximate more nearly to the conditions obtain- 
ing during the electric discharge than would specific heats at 
constant pressure. (3) That for the permanent gases 

Coin 0) = 225 + $(2°4)) 
and for carbon dioxide, Cy, .. = 2[3'0 + 6(8'1) + 2¢(5°0)], where 

2 

$0) =) EP 

and Be=14580. 0° and 7° are temperatures absolute. These 
formule are in fair agreement with Bjerrum’s results so far as the 
temperatures attained by him showed, although his results 
for water vapour are not in very close agreement with the 
formula given for it. In this case the experimental results have 
been plotted and a curve drawn, from which the figures required 
for our calculations have been obtained. (4) That the degree of 
dissociation of carbon dioxide and of water vapour may be calcu- 
lated by a thermodynamic formula for such temperatures as those 
attained in the flames. (5) That the loss of heat by radiation from 
the flame is negligible. (6) That the amount of nitric oxide in the 
flames of cyanogen and ammonia can be calculated for these high 
temperatures by the thermodynamic formula of Haber (“Thermo- 
dynamics of Technical Gas Reactions,” 1908). (7) That chemical 
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equilibrium is attained extremely rapidly in these hot flames. It 
is obvious that the calculated flame-temperatures are subject to 
considerable uncertainty, but it may be hoped that the relative 
errors in the series are much less than the absolute errors, since the 
same formule for dissociation and specific heats have been used 
consistently throughout. 

It should be added that the calculations are based on a. con- 
sideration of the partial pressures attained at the temperature 
attained with the degree of dissociation corresponding with these 
temperatures and partial pressures. 


FACULTY OF TECHNOLOGY, 
MANCHESTER UNIVERSITY. 


CV.—The Catalytic Actiity of Acids in Ethyl- 
alcoholic Solution. 


By Harry MeprortaH Dawson and Frank Powis. 


In a previous paper (T., 1913, 108, 2135) we have given an 
account of the results obtained in an investigation of the rate of 
isomeric change of acetone in aqueous solution under the catalytic 
influence of different acids. The experimental data are entirely 
opposed to the generally accepted view that the catalytic activity 
of an acid is determined solely by the “ hydrogen-ion”’ concentra- 
tion of its solutions, but can be quite satisfactorily interpreted on 
the assumption that the acid is catalytically active, both in the 
ionised and non-ionised form, and that the observed effect is the 
sum of the separate effects due to the “hydrogen ion” and the 
undissociated acid. 

When the experiments in aqueous solution were commenced, it 
was proposed that a parallel series of measurements should be 
carried out in ethyl-alcoholic solution. The desirability of such a 
comparison will be at once evident when it is considered that the 
reactions which have been systematically studied with the object of 
comparing the catalytic influence of different acids are in no case 
suitable for a comparison of the behaviour of the acids in aqueous 
and in alcoholic solution. The chief reactions in question are the 
inversion of sucrose, the hydrolysis of esters, the esterification of 
acids, the decomposition of diazoacetic esters, and the inversion of 
/-menthone. 

In these circumstances a study of the isomeric change of acetone, 
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the velocity of which, according to previous experiments (T., 1911, 
99, 1) can be determined in alcoholic as well as in aqueous solution, 
appeared to present an attractive problem. 

Unfortunately, it has not been found possible to carry out the 
experiments which were originally contemplated, difficulties having 
cropped up during the course of the preliminary work that could 
not be entirely foreseen, and these have imposed very considerable 
restrictions on the proposed comparison of the catalytic behaviour of 
the acids in the two solvents. These difficulties may be briefly 
mentioned. 

In the first place, it should be noted that the catalytic activity 
of acids in alcohol diminishes so rapidly with the ionising tendency 
(as measured by the ionisation-coefficient in aqueous solution), that 
only the first member of the series of five acids—hydrochloric, 
dichloroacetic, a8-dibromopropionic, chloroacetic, and acetic—which 
were examined in aqueous solution, could be investigated in anhy- 
drous ethyl alcohol. The catalytic influence of dichloroacetic acid 
in alcoholic solution is already so small in comparison with that of 
the halogen acids as to be more or less completely masked by the 
auto-catalytic effect of the hydriodic acid which is formed as one 
of the products of the reactions that occur subsequently to the 
isomeric change of the acetone. 

Secondly, it was found that traces of water in the alcohol retard 
the velocity of the isomeric change to a very large extent. In spite 
of the fact that the utmost precautions were taken in the removal 
of water from the alcohol and in preventing the subsequent absorp- 
tion of water during the preparation of the solutions, it is probable 
that this source of error is responsible for the considerable varia- 
tions in the velocity of isomeric change which were found in differ- 
ent experiments with the same acid at the same concentration. 
Other reactions which are catalytically accelerated by acids are 
similarly influenced by traces of water in the alcoholic solvent, and 
from the results obtained by different observers it is apparent that 
the lowering of the reaction-velocity that is produced by the addi- 
tion of a small quantity of water, increases very rapidly as the 
amount of water present in the alcohol decreases. If the reaction- 
velocity is plotted as a function of the square root of the concen- 
tration of the water, it is found that for small amounts of water the 
reduction in the velocity is approximately proportional to the square 
root of the water-content. By making use of this empirical relation, 
we have calculated the percentage depression of the reaction-velocity 
produced by 0°01 per cent. of water, from Tubandt’s data for the 
inversion of /-menthone (Annalen, 1910, 3777, 284), from Gold- 
schmidt’s data for the esterification of acetic acid (Zeitsch. physikal. 
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Chem., 1907, 60, 728), and from Braune’s data for the rate of 
decomposition of ethyl diazoacetate (Zeitsch. physikal. Chem., 1913, 
85, 170). These numbers are collected in the following table, in 
which the nature of the catalysed reaction is indicated in the first 
column, the catalyst and its concentration in the second and third, 
and the percentage depression produced by 0°01 per cent. of water 
(approx. 0°005 mol. per litre) in the fourth: 


Concentration 
of catalyst Percentage 
in mols. lowering of 
Reaction. Catalyst. velocity. 
Inversion of l-menthone... Sulphosalicylic acid 
Esterification of aceticacid Hydrochloric 


= Fe Sulphosalicylic 
Decomposition of ethyl 
diazoacetate Sulphosalicylio 0-001 
Decomposition of 
diazoacetate 0-009 
Decomposition of ethyl 
diazoacetate Trichloroacetic 0-04 5-0 


In the case of esterification, water is formed as one of the 
products of the reaction, and for this reason it seems probable that 
the above values for the lowering produced by 0°01 per cent. of 
water are considerably smaller than the true values. 


Our own observations on the influence of water indicate that 
the effect of a given small quantity increases rapidly with the 
catalytic activity of the acid, and it may be noted that Braune’s 
results for sulphosalicylic, picric, and trichloroacetic acids point 
in the same direction. 

In aqueous solution the isomeric change of the acetone proceeds 
until nearly the whole of the iodine has disappeared from the 
solution, but this is not the case when alcohol is used as solvent 
under otherwise similar conditions. The reversibility of the subse- 
quent changes limits the range over which the speed of the isomeric 
transformation can be determined. This range is further reduced 
in the case of hydrochloric acid in consequence of the removal of 
free iodine by the formation of polyhalogen compounds, which in 
alcohol appear to be much more stable than in aqueous solution. 

The observations referred to above have of necessity limited the 
scope of the inquiry into the behaviour of acids as catalysts in 
alcoholic solution. Experiments have been made with hydrochloric, 
sulphuric, sulphosalicylic, picric, and trichloroacetic acids, all of 
which, according to their behaviour in aqueous solution, belong to 
the group of strong acids. In dilute aqueous solution all are highly 
ionised, and the activity which they exhibit as catalysts is of the 
same order of magnitude. In alcoholic solution, on the other hand, 
wide differences are exhibited by the several acids in respect of their 
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influence as catalysts, the activity of a 0°1 molar solution of hydro- 
chloric acid being about two hundred times as great as that of an 
equivalent solution of trichloroacetic acid. 


EXPERIMENTAL, 


The alcohol used in the preparation of the various solutions was 
dehydrated as completely as possible by repeated treatment with 
metallic calcium according to Winkler’s process (Ber., 1905, 38, 
3612). The acids, acetone and iodine were dried by appropriate 
methods, and the absorption of water wes guarded against as far 
as possible, both in the preparation of the solutions and during 
the course of the experiments. On account of the high speed of 
the reaction, the measurements of the rate of change were made 
at 0°, the solutions examined containing a known quantity of 
acetone per litre and a relatively small quantity of iodine. In 
estimating the iodine present at the end of definite intervals of 
time, a sample was removed, run into an ice-cold aqueous solution 
of sodium acetate, and titrated with a freshly standardised 
0°01N-solution of sodium thiosulphate. As a general rule, the 
activity of the catalyst was measured in two concentrations, namely, 
0°1 and 0°05 mol. per litre. The results obtained are recorded in 


the following table, the catalysing acid being indicated in the first 
column, the molar concentration (c) of the acid in the second, the 
velocity of the reaction (v) in mols. per litre per minute for an 
acetone concentration of 10 c.c. per litre in the third, the “ hydro- 
gen-ion” concentration in the fourth, whilst the fifth and sixth 
columns give the ratio of the reaction-velocity to the total acid- 
concentration and the “ hydrogen-ion’”’-concentration respectively. 


Acid. b vx 10°. Ca. vx1lO/e vx 10°/ea. 
Hydrochloric : 0-97 0-050 
0-28 0-029 
0-60 —_ 
0-195 — 
Sulphosalicylic ......... - O- 0-46 oo 
0-17 — 
PEGS cccccccccvccesococeces , 0-045 0-0073 
Trichloroacetic .......... . 0-005 0-00067 . 
0-002 0-00047 4-2 
* The velocities recorded for sulphuric acid in this table are appreciably higher 
than those given ina previous paper (Joc. cit.). In the earlier experiments, the 
acid was dissolved in the alcohol several hours previous to the commencement of the 
experiment and it is probable that a small quantity of water had been formed as a 


result of esterification. 

In the above table the a values for hydrochloric acid are those 
calculated from the conductivity measurements of Lapworth and 
Partington (T., 1911, 99, 1419), and for picric and trichloroacetic 
acids, from the value of the ionisation constants given by Snethlage 
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(Zeitsch. Elektrochem., 1912, 18, 539). In each case the data 
refer to 25°, and it is assumed that the ionisation at 0° is not very 
different. On the assumption that the catalytic effect is due to the 
ionised acid, the numbers in the last column should be constant, 
which is by no means the case. For both hydrochloric and tri- 
chloroacetic acids, the ratio v/ca increases rapidly with the concen- 
tration, and if the values for 0°1 molar solutions are compared, it 
is seen that the ratio for hydrochloric is about three times as large 
as the ratios tor picric and trichloroacetic acids. 

These results show that the catalytic effect of acids on the rate 
of isomeric change of acetone in alcoholic solution cannot be 
entirely due to the “hydrogen ion.” This has already been shown 
to be the case for aqueous solutions, and to explain the observations 
it was found necessary to assume that the catalysis is jointly due 
to the activity of the ionised and non-ionised acid. 

In view of the possible error attaching to the velocity data for 
alcoholic solutions, it is scarcely to be expected that this or any 
similar hypothesis can be subjected to a quantitative test. Without 
attempting to do this, we may indicate the main facts which will 
have to be accounted for by a satisfactory theory. 

In the first place, it is necessary to give an explanation of the 
vast difference which is found in the magnitude of v/ca when we 
pass from aqueous to alcoholic solution. For 0°1 molar solutions of 
hydrochloric acid at 0° and an acetone concentration of 10 c.c. 
per litre, the value of v/ca is 19°5 x 10-8 in alcohol and 10°8 x 10-® 
in water. These numbers are in the ratio of 1800: 1. It might 
be suggested that this difference in the order of magnitude of the 
velocity of the'change in the two solvents is due to a specific influ- 
ence exerted by the solvent, but this cannot be regarded as an 
adequate explanation. 

The remarkable retardation effects produced by the addition of 
small quantities of water to the alcoholic solution must also be 
accounted for. 

Thirdly, there is the considerable difference in the value of 
v/ca for hydrochloric acid on the one hand, and for the relatively 
weak acids, picric and trichloroacetic, on the other. Such differ- 
ences are not met with in the case of aqueous solutions of different 
acids, for if we compare the values of 10°. v/ca for 0°1 molar 
solutions of the acids used as catalysts in aqueous solution at 25° 
and an acetone concentration of 20 c.c. per litre (loc. cit., p. 2139), 
we obtain the series: hydrochloric, 505; dichloroacetic, 650; af-di- 
bromopropionic, 644; chloroacetic, 650; and acetic, 540, in which 
the magnitude of v/ca varies to quite a small extent. 

The relatively large increase in the catalytic activity which is 
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observed when the concentration of the acid is increased, must 
also be taken into consideration. This ratio for alcoholic solutions 
is in all cases much larger than the corresponding ratio for the 
aqueous solutions, and the difference becomes more marked as the 
catalytic activity of the acid in alcoholic solution increases. 

The following table shows this, and also affords a comparison 
of the results obtained in alcoholic and aqueous solution. The 
second and third columns give respectively the reaction-velocity in 
alcohol (at 0°) and water (at 25°) for 0°1 molar solutions of the 
acids and an acetone concentration of 10 c.c. per litre, the third 
and fourth the corresponding velocities for hydrochloric acid =100, 
whilst the fifth and sixth give the ratio of the velocities for 0°1 and 
0°05 molar solutions of the acids. 


Alcohol. Water. 
Acid. . at 25°. Alcohol. Water. = %.;/%- 05: %-1/Yo-o5° 
Hydrochloric . 23-25 100-0 100 , 2-03 
Sulphuric 42-0 62-0 180 ; 1-95 
Sulphosalicylic 25-8 47-0 111 . 2-02 
eae 4:6 —_ eas 
0-5 99 . 1-98 


Trichloroacetic 23-0 


Theoretical.—In the paper referred to in the first paragraph it 
was shown that, for aqueous solutions, the observed reaction- 
velocities can be adequately represented by the equation: 

v=k,catky(l-e) . ..... (i) 
in which k, and /, are the velocity-coefficients for the ionised and 
non-ionised acids, ¢c is the concentration of the acid, and a its 
degree of ionisation as deduced from the ionisation-coefficient of 
the acid or the electrical conductivity. The important point to be 
noted in regard to this agreement between the experimental 
reaction-velocities and those which are calculated from this equa- 
tion, is that the velocity can be represented as the sum of effects 
produced by ionised and neutral components, the concentrations of 
which can be calculated from the electrical conductivity of the acid 
solution. As to the exact nature of the ionised and neutral com- 
ponents, the observations in question furnish no information. It is 
consequently impossible to say whether the active ion is the free 
hydrogen ion or the hydrated ion, or whether both are active, and a 
similar uncertainty arises in connexion with the nature of the 
non-ionised components. Many recent observations have led to the 
view that ions in aqueous solution are hydrated, and if we suppose 
that the free hydrogen ion combines with one molecule of water, 
the hydrated ionic component of aqueous solutions of acids will be 
the oxonium ion OH,°. The extent to which this hydration occurs 
will depend on the stability of the oxonium ion as measured by its 
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dissociation constant, which follows at once from the equilibrium 
equation : 
H’+H,0 — OH;° 

on application of the mass law. Since in dilute acid solutions the 
active mass of the water can be regarded as constant, it is evident 
that the ratio of free hydrogen to oxonium ions will be constant, or 
[H*]/[OH;"|=q,. In exactly the same way it follows that if the 
non-ionised acid combines with water, the ratio of the concentration 
of free to that of hydrated acid will be a constant. This constant, 
gz, Will, of course, vary with the nature of the acid, whereas q, will 
be the same for all acids. On the assumption that the ionised and 
non-ionised molecules can act as catalysts both in the free and in 
the hydrated condition, the velocity of the reaction will be 
given by: 


1—a)e (1 —a)e 
oaks, Soe. . g 
“<7 got] m *q+1 (2) 
in which k, and ky are the activity-coefficients for the free hydrogen 
and the oxonium ion, and k, anl k, those for the free and hydrated 
acids respectively. From (2) we obtain: 


= a+ at + ky) ae oy Fo + ky), 
1 


which may be written in the form: 
w=Keat+K’e(l-a) . . . . « « (3) 


where K’= hut ong K" = ks + hy 2h, 
+1 Gt)” 

Equation (3) is of exactly the same form as equation (1), and 
it is therefore evident that the question as to whether the catalyti- 
cally active components are anhydrous or hydrated cannot be 
decided on the basis of the ae data for aqueous solutions 
alone. 

By comparison of the observations in aqueous with those in 
alcoholic solution, it seems possible to proceed a step further, and 
we are led to the conclusion that the ionic component responsible 
for the catalytic effect is the free hydrogen ion, and that the 
effect of the hydrated ion is relatively unimportant. This hypothesis 
affords a simple explanation, not only of the much greater value 
of v/ca in alcohol, but also of the enormous retarding influence of 
small quantities of water when added to the alcoholic solution. The 
suggestion is by no means new; it has already been put forward 
and discussed in detail by Lapworth and Fitzgerald (T., 1908, 93, 
2163) and Lapworth (ibid., 2187) (see also Dawson, T., 1911, 99, 1). 

On this theory, the much greater catalytic activity of an acid-in 
alcoholic solution compared with the activity of an aqueous solution 
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of approximately the same electrical conducting power, is due to the 
much smaller stability of the ethyl-oxonium ion, formed in accord- 
ance with the equilibrium equation: H'+C,H,,OH — OC,H;H,’, 
in comparison with the stability of the corresponding oxonium ion. 
On the addition of a small quantity of water to the alcoholic 
solution of an acid, the concentration of the free hydrogen ion will 
be greatly reduced in consequence of the very much greater stability 
of the oxonium ion, and there will be a correspondingly large 
decrease in the catalytic activity of the acid. The observed 
influence of water on the partial pressure of an ethyl-alcoholic 
solution of hydrogen chloride (Jones, Lapworth and Lingford, T., 
1913, 108, 252), and on the potential of the hydrogen electrode 
(Hardman ‘and Lapworth, T., 1911, 99, 2242), is also in favour of 
this view. In comparison with the reduction in the catalysing 
power, the change produced in the electrical conductivity of an 
alcoholic solution of an acid by addition of a small quantity of 
water is very small. According to Goldschmidt’s observations, the 
conductivity diminishes slightly in the case of hydrochloric acid, 
and increases to a small extent in the case of the much weaker 
acids, picric and trichloroacetic. 

These facts suggest that the agent which is mainly or entirely 
responsible for the ionic catalytic effect is the free hydrogen ion. 
The concentration of these ‘one is very small in comparison with 
the total ion concentration, and in order to produce the observed 
effects it must be assumed that their specific catalytic activity is 
very great (compare Lapworth, Joc. cit.). Since the ratio of the 
free hydrogen ion to the total ion concentration is so small, the 
electrical conductivity of the solution is mainly determined by the 
complex ions, and the catalytically active ions are of little conse- 
quence in so far as the conductivity of the acid solutions is con- 
cerned. At the same time it should be noted that if this statement 
holds for aqueous solutions, it may be subject to some qualification 
in the case of alcoholic solutions, for the ratio of the free hydrogen 
to the total ion concentration is much greater in these solutions. 
The fact that alcoholic solutions show much greater differences in 
the values of v/ca for strong and weak acids, and that for a given 
acid the rate at which the reaction-velocity increases with the 
concentration is much greater in alcohol than in water, seems to 
show that the contribution of the non-ionised acid to the total 
catalytic effect is larger in the case of alcoholic solutions. If this 
is the correct interpretation of the observations, it follows that the 
value of the activity ratio k,/k, depends on the nature of the 
solvent in which the catalysed reaction takes place. 

In conclusion, reference may be made to our observations on the 
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catalytic influence of acids on the reaction in toluene and benzene 
solution. In these cases, a condition of equilibrium is attained 
when only a small change has occurred in the iodine-concentration, 
and in these circumstances it was found impossible to make a 
comparison between the catalysing influence of different acids. It 
is sufficient to note that the reaction velocities are very high, and 
since the acids are non-ionised, it must be inferred that the catalytic 
influence is that of the non-ionised acid. 


Summary. 


(1) Measurements have been made of the velocity of isomeric 
change of acetone in ethyl-alcoholic solution in the presence of 
various acid catalysts. 

(2) The velocity-data are consistent with the view that the non- 
ionised acid contributes very considerably to the observed catalytic 
effect. 

(3) From a comparison of the catalytic and electrolytic behaviour 
of the acids in alcoholic and aqueous solution, the conclusion is 
drawn that the active ionic catalyst is the free hydrogen ion. This 
is present in very small concentration in aqueous solution, but 
alcoholic solutions contain a relatively much larger proportion. 

(4) The retarding influence of traces of water on the catalytic 
activity of acids in alcoholic solution is consistent with the theory 
put forward. 


THE UNIVERSITY, 
LEEDS. 


CVI.—The Action of Thionyl Chloride on Lactic Acid 
and on Ethyl Lactate. 


By Percy Farapay Frankianp and WiLL1am Epwarp GARNER. 


In order to effect the conversion of an optically active compound 
into its enantiomorph (Walden inversion), at least two steps are 
necessary, and it is at present uncertain in which of the two steps 
the change of configuration occurs. 

A regularity which appears to emerge from a study of the 
recorded phenomena is that an optically active hydroxy-compound 
is invariably converted into its enantiomorph when thionyl chloride 
and silver oxide are successively employed as reagents; all other 
similar pairs of reagents behave irregularly. The following four 
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series of reactions are theoretically possible in starting from a single 
optically active hydroxy-compound : 
SOCl. Age,O 
Om Beg ons car d-OH | Syversion. 
OH —-+ d-Cl ——> ¢-0H 
8001 20 
L0H ——> 7c1 “> ron | 
80Cl. Ag,0 


No inversion. 
lOH ———> d-Cl > l-OH | 


It is a very striking fact that (III) and (IV) are not known, or, 
in other words, that these two reagents, used in succession, always 
lead to inversion.* 

The following six hydroxy-compounds have hitherto been investi- 
gated in connexion with this pair of reagents, and conform to 
schemes (I) and (II) respectively, thus: 


Mandelic acid.? 

a-Hydroxy-a-phenylpropionic acid (atrolactinic acid).? 
B-Hydroxy-8-phenylpropionic acid.’ 
Phenylmethylcarbinol.* 


Scheme (II) { Malic acid.5 


Scheme (i) 


(a-Hydroxy-8-phenylpropionic acid.*) t 


1 McKenzie and Clough, T., 1908, 98, 823; 1909, 95, 777; McKenzie and 
Barrow, T., 1911, 99, 1910. 

2 McKenzie and Clough, T., 1910, 97, 1023, 2564. 

8 McKenzie and Humphries, T., 1910, 97, 121; McKenzie and Barrow, T., 1911, 
99, 1925. 

4 McKenzie and Clough, T., 1913, 103, 687. 

5 Walden, Ber., 1899, 32, 1833, 1855; 1896, 29, 133; 1897, 30, 3146; 
McKenzie and Barrow, T., 1911, 99, 1919. 

6 McKenzie and Wren, T., 1910, 97, 126, 1856; McKenzie and Barrow, T., 
1911, 99, 1914. 


It appeared of interest to extend this investigation by ascertain- 
ing to which of the above groups lactic acid belongs. 

The following transformations are already known in the case of 
lactic acid : 


* In considerations of this kind, in which the sign of optical activity is 
concerned, much confusion often arises owing to the rotation of an acid and its salts 
or esters being of opposite sign. In all such cases, it is most satisfactory to denote 
the rotation of the acid by the sign exhibited by its salts in dilute aqueous solution, 
that is, the sign of the active acid ion. This convention will be consistently 
adopted in the present paper. Thus, by J-lactic acid will be denoted the acid 
which gives /aevo-lactates. 

t+ This acid has been provisionally placed in this group; the evidence is, 
however, incomplete and very obscure. 
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PO! 
l-lactic acid = d-chloro(bromo)propionic acid 


(levorotatory salts 5s 
and esters, commonly & / % 
known as sarcolactic A 3 
acid.) ¥ 3 
l-lactic acid d-lactic acid 
(levorotatory (dextrorotatory 
salts and esters.) salts and esters. ) 


Walden, Ber., 1895, 28, 1293; W. Walker, T., 1895, 67, 918; Purdie and 
Williamson, T., 1896, 69, 829; E. Fischer, Ber., 1907, 40, 489. 


It remained, therefore, to determine the action of thionyl chloride 
on lactic acid, and this forms the subject of the present communica- 
tion. In view of the interest attaching to the mechanism of 
reactions connected with the Walden inversion, we have paid special 
attention to the formation of intermediate compounds, and have 
studied the action of thionyl chloride both on lactic acid itself as 
well as on ethyl! lactate. 

Owing to the large amount of material required for this investi- 
gation, we have not attempted specially to prepare an optically 
active lactic acid, but have used specimens of commercial acid 
(Kahlbaum) exhibiting a small activity, which has enabled us to 
ascertain qualitatively the sign of the rotation possessed by the 
several compounds described. 

The regularity in the behaviour of thionyl chloride and silver 
oxide, referred to above, has been found by us to extend to their 
action on lactic acid and ethyl lactate respectively, thus 


soc} 
d-lactic acid ——-> J-chloropropionic acid 


(dextro-salts and 
dextro-ethy} ester. ) 
2 


ethyl! d-lactate _ -> ethy] /-chloropropionate 

(dextrorotatory. ) 
and d-chloropropionic acid has been shown by Purdie and William- 
son to be convertible by silver oxide into d-lactic acid (dextro- 
rotatory zinc salt), so that, conversely, /-chloropropionic acid must 
be similarly convertible into /-lactic acid (levorotatory zinc salt). 
Thus lactic acid conforms, in its behaviour with thionyl chloride 
and silver oxide, to scheme (II) above, as do malic acid and possibly 
a-hydroxy-8-phenolpropionic acid (see footnote, p. 1102). 

It is noteworthy that the hydroxy-compounds belonging to group 
(I) all have phenyl attached to the asymmetric carbon atom, whilst 
the members of group (II) have not. 

It must be clearly understood that although these reagents 
(thionyl chloride and silver oxide) give rise to the two schemes (I) 
and (II), which refer only to the sign of the rotation of the com- 
pounds concerned, these two schemes are not necessarily different 


4cQ2 
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from the configuration point of view. Thus in both (I) and (II) 
thionyl chloride may produce a change of configuration, and silver 
oxide none, or vice versa. It is, however, very remarkable that, in 
all the cases belonging to scheme (I), phosphorus pentachloride or 
bromide causes change of sign, whilst in the members belonging 
to scheme (II) both phosphorus pentachloride and thionyl chloride 
certainly produce a change of sign in the case of malic and lactic 
acids, whilst in the case of a-hydroxy-8-phenylpropionic acid the 
results are uncertain. The difference between the two schemes may 
be put in this way also: Asswming that thionyl chloride uniformly 
produces a chloro-compound of the opposite configuration to that of 
the original hydroxy-compound, then, in the case of hydroxy-com- 
pounds which have phenyl attached to the asymmetric carbon atom, 
the sign of the chloro-compound is, nevertheless, the same as that 
of the hydroxy-compound of the opposite configuration. In these 
cases, moreover, phosphorus pentachloride produces a chloro-com- 
pound, which, although of opposite sign, is of the same configuration 
as that of the original hydroxy-compound. This assumption also 
involves the uniform action of silver oxide without change of 
configuration. 

An equally tenable proposition would, of course, be that thionyl 
chloride invariably acted without, and silver oxide with, change of 
configuration, and this would involve phosphorus pentachloride 
acting with change of configuration only in those cases in which 
phenyl is attached to the asymmetric carbon atom. 

The two alternative propositions may be represented thus: 

Ag,0 


pos, d-Cl —> LOH* 


Scheme (1) /-OH 


0¢ 
* 10 82 2oH 


PCI 
Scheme (II) /-OH © @-Cl ““ d-OH 
SOCle 


a1 © 10H 
pols d- - 
= 


Scheme (I) /-OH 


00, 


I-Cl d-OH 


PCs Ag,O 
Scheme (II) LOH 3%, 201 © ¢0H 


* ——> denotes transformation without change of configuration (see T., 1913, 
108, 741), and ©C with change of configuration. 
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Action of Thionyl Chloride on Lactic Acid. 


In the course of this investigation, a number of intermediate 
compounds have been isolated, and these throw some light on the 
mechanism of the reaction between thionyl chloride and hydroxy- 
acids. We found that both lactic acid and ethyl lactate, when 
treated with thionyl chloride, yield sulphinyl chlorides, which are 
decomposed by heat with elimination of sulphur dioxide, giving 
rise to chloropropionyl chloride and ethyl chloropropionate 
respectively. 


Lactic acid 5°°2 CH,*CH(SO,Cl)COC] _*°. CH,*CHCl-COCI 
» ester ——> CH,°CH(SO,Cl)CO,Et ——-> CH,*CHCI-CO,Et 


Inasmuch as lactic acid, in the form of syrup as employed by 
us, is a mixture of the free acid, a monobasic lactonic acid and 
lactide (Purdie and Walker, T., 1892, 61, 756), the study of its 
reactions is very complicated. Temperature and length of time 
during which heating is continued cause great variations in the 
nature and proportions of the products obtained. 

Both lactic acid and the lactonic acid yield intermediate sulphinyl 
chlorides, which decompose on further heating with loss of sulphur 
dioxide and formation of the respective chloro-acid chlorides. It 
was not found possible to isolate the sulphinyl lactonic chloride, 
doubtless because it decomposes below its boiling point.* 

Chlorosulphinyl-lactic chloride does not decompose readily below 
100°, so its preparation was effected below this temperature in order 
to obtain it as free as possible from the chloro-acid chlorides. 

When the sulphinyl chlorides (the mixture obtained by the action 
of thionyl chloride on the crude lactic acid) are decomposed by 
heating above 110°, a mixture of chloropropionyl chloride and 
chloropropionyl-lactic chloride is obtained, and the latter were 
separated by vacuum distillation. The chloropropionyl-lactic 
chloride is, however, very difficult to purify, owing to the presence 
of a lactonic compound of higher boiling point. 

The lactic acid employed was, as already mentioned, feebly active, 
the activity being due to what is commonly called levo-lactic acid, 
which gives dextrorotatory salts and esters. As a matter of fact, 
it was dextrorotatory, but this was due to the presence of anhydride. 
For the reasons given above (p. 1102, footnote), we shall call this 
dextro-lactic acid throughout this communication. 

The chlorosulphinyl-lactie chloride obtained gave a very powerful 


* A decompesition was observed during the distillation at temperatures above 
160° in a vacuum, and the residue was found to evolve sulphur dioxide on treat- 
ment with water. 
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dextrorotation, the chloropropionyl chloride a very feeble dextro- 
rotation, whilst the chloropropionic acid and ethyl chloroproyionate 
obtained from it were distinctly laevorotatory. Chloropropionyl- 
lactic chloride was distinctly dextrorotatory, as was also the 
chloroproyionyl-lactic acid prepared from it. 

Chloropropionyl-lactic chloride is not acted on by thionyl chloride 
below 120°, showing that the lactone linkage is stable towards this 
reagent up to that temperature at least. 

Lactide is apparently unacted on by thionyl chloride at these 
temperatures, and probably constitutes a large part of the distilla- 
tion residue, which amounts to about 50 per cent. of the lactic acid 
taken. This conclusion is supported by the fact that lactic acid 
which has been long heated in a stream of dry air is much less 
reactive towards thionyl chloride. 

An attempt to prepare chlorosulphinyl-lactic chloride by the 
action of liquid sulphur dioxide on chloropropionyl chloride proved 
unsuccessful. 

When thionyl chloride was allowed to act on lactic acid in the 
cold, there were indications of the formation of a compound con- 
taining sulphur, but no chlorine. This is presumably thionyl-lactic 
acid, SO[O-CH(CH;)-CO,H],; it was, however, not obtained in a 
pure state, and was not further investigated. 


Action of Thionyl Chloride on Ethyl Lactate. 


The ethyl lactate employed was dextrorotatory, having 
Gp + 2°5°, J=1. 

If a large excess of thionyl chloride is not employed in the 
reaction, then ethyl thionyl-lactate, SO[O-CH(CH,)-CO,Et],, is 
obtained. Excess of thionyl chloride leads to the production of 
ethyl sulphinyl-lactate, CH,-CH(SO,Cl)-CO,Et, which was found to 
be very stable, even at 120°, and in order to readily convert it into 
ethyl chloropropionate, it was necessary to use pyridine hydro- 
chloride or aniline hydrochloride as a catalytic agent. 

The use of pyridine in conjunction with thionyl chloride for the 
chlorination of alcohols and hydroxy-acids was first introduced by 
Darzens (Compt. rend., 1911, 152, 1314, 1601), who showed that 
such reactions could thereby be realised at a lower temperature. 
P. F. Frankland and Lea (unpublished) have shown that thionyl 
tartaric ester is converted into dichlorosuccinate by thionyl chloride 
in the presence of pyridine hydrochloride, and we have used this 
reagent with success, as stated above. If the treatment with 
pyridine hydrochloride be continued too long, some racemisation of 
the resulting chloropropionate occurs. Although aniline hydro- 
chloride also acts catalytically in the same circumstances, its use is 
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not to be recommended, as, probably owing to its higher melting 
point, it acts much more slowly, and there is more production of 
free base through loss of hydrogen chloride. The production of 
free aniline seriously impairs the yield of chloropropionate, as the 
base readily reacts with the chlorosulphinyl-lactate, giving aniline 
hydrochloride and a stable sulphur compound (anilide). 

The course of the reactions which we have established may be 
summarised in the two following diagrams: 


Action of Thionyl Chloride on Lactic Acid. 


Crude lactic acid. 


@ +1°2° (approx.) (dextrorotatory salts and esters). 


“CH, | 
CH-OH 

CO,H 
| SOCIo 


ons, 
CH-0-SOCI 
ocl 


Chlorosulphinyl-lactic chloride. 
a +30°0°. 


| -so. 


oH 
CHCl 


coc! 

Chloropropiony: chloride. * 
Qpt+ 0 2 if 

9 & 

a / ° 


ys 


Chloropropionic 
acid. pionate. 
Mp — 2°36". a, —2°92°. 


Ethyl chloropro- 


oa 


CH, CH, 

CH: ‘0-CO CH-0-00 

C0,H CH‘OH CO-0-CH 
CH, CH, 


pon 
CH, 


OH: “0° co 
Coc! CH: O-SOCI 
CH, 


not isolated. 


| S02 


CH, 
CH-0-CO 
COC! CHC! 
H, 
Chloropropionyl-lactic chloride. 
a@p +3°60°. 


| NagCO3 
Aq. 


Chloropropionyl-lactic acid. 
a®® +4°04° (in fused state). 


* This product and its derivatives were obtained from another specimen of lactic 


acid of rather greater activity—ap + 1°68°. 
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Action of Thionyl Chloride on Ethyl Lactate. 


CH, 
Crude lactic acid. —> CH: OH 
p+ 2°64". 
ni CO, Et 
Ethy] lactate. 
@y + 2°50°. 
| SOC!g 
CH: :0° SO-0: oar 
CH, ~~ Co, Et 0, Et 
H-0O-SOCI SLA Ethyl] thionyl- -lactate. 
CO, Et ig Gap + 42°6°. 


Ethyl chloro- 
sulphinyl-lactate. 
ap +77°6°. 
| (Especially in presence of pyridin 
1 ~802 hydrochloride or aniline hydrochloride. 


GH, 
CHCl 
CO, Et 
Ethyl chloro- 


propionate. 
ap — 4°0° (about), 


The complete analogy between the transformations of malic and 
lactic acids, respectively, may now be regarded as established. 
Thus, without making any assumptions as to where the actual 
changes in configuration occur, we have: 


d-Chlorosuccinic acid. 


: 4 
Seo So 
NOD 
RS 


Malic acid <—— l-aspartic acid d-aspartic acid HINGs malic acid 


(levorotatory — (HCl-salt (HCl-salt (dextrorotatory 
esters. ) dextrorotatory. ) levorotatory. ) esters. ) 


1-Chlorosuccinic acid. 
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d-Chloropropionic acid. 


lactic acid . - : ]-alanine 2 lactic acid 


(levorotatory (HCl-salt (HCl-salt (dextrorotatory 
esters.) dextrorotatory.) levorotatory.) esters. ) 
! 


he NOC! 
%O 


1-Chloropropionic acid 


In the above schemes it has been assumed that the chloro- and 
bromo-compounds exhibit the same behaviour (see also P. F. 
Frankland, T., 1913, 108, 741). 


EXPERIMENTAL. 
A. Action of Thionyl Chloride on Lactie Acid. 


Forty grams of a feebly active lactic acid,* a,+1'2° (approx.) 
(giving a dextrorotatory ester), were treated with 100 grams of 
thionyl chloride, and the mixture was heated at 85—115° for 
periods of time varying from nine to twenty hours. 

When heated at 85—1i00° for nine to ten hours, the sulphinyl 
chloride of lactic chloride largely predominates amongst the result- 
ing products, but when the mixture is heated to 105—115° for 
eighteen hours, both chloropropionyl chloride and chloropropionyl 
lactic chloride were obtained, whilst at intermediate temperatures 
all three of the above compounds are found. Their separation was 
effected by first distilling at atmospheric pressure in a bath at 
130°, the distillate consisting principally of chloropropionyl 
chloride and excess of thionyl chloride. The residue was then dis- 
tilled at 12—15 mm., with the bath rising to 130°, when a mixture 
of the three above-mentioned products was obtained. At higher 
temperatures a compound containing chlorine, but no sulphur, 
passed over, and this was presumably lactyl-lactic chloride, as it 

H, 
CH, CH-OH 
H-0-CO 
COCl 
Lactyl-lactic chloride. 


* This would be a mixture of: lactic acid and its anhydrides—the lactonic acid 
and the lactide. 
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lost all its chlorine on treatment with water. At 160° the distilla- 
tion was stopped, as the residue in the flask began to decompose. 
This residue weighed 18—22 grams; it evolved sulphur dioxide 
when treated with water, and was unacted on by further treatment 
with thionyl chloride. This residue was presumably a mixture of 
lactide and the sulphinyl chloride of lactyl-lactic chloride (chloro- 
sulphinyl-lactyl-lactic chloride) : 

cH, 

(H-0-CO-CH-0-SOCI, 

Cocl CH, 


The above distillates were refractionated. 

1-Chloropropionyl Chloride——This was usually obtained as a 
yellow liquid, b. p. 108—111° at atmospheric pressure, and in this 
condition it was never quite free from thionyl chloride. However, 
by modifying the conditions of preparation, it was obtained prac- 
tically free from this impurity. 

Thirty-eight grams of lactic acid* (aj + 1°68°, /=1; the dextro 
rotation is due to anhydride) were heated under reflux with 
116 grams of thionyl chloride for three hours at 95°, and then for 
eight hours at 113°. After this treatment the whole of the thiony] 
chloride had disappeared, and on distilling a colourless product was 
obtained, which, after two further distillations, weighed 5 grams, 
and boiled at 110—113°. It was feebly dextrorotatory, having 
aif +0°2°, /=1. 

This acid chloride was not analysed, but was identified by con- 
version into chloropropionic acid and ester. 

1-Chloropropionic Acid.—Chloropropionyl chloride, as obtained 
above, was shaken with water until dissolved, and the solution 
extracted with ether. From the ethereal solution, after drying, 
there was obtained, by exsiccation, a sour-smelling liquid, which, 
without further purification, gave aii —2°36°, J=1: 

0°1845 gave 0°2408 AgCl. Cl=32°25. 

C,H,0,Cl requires Cl=32°69 per cent. 

Ethyl |-Chloropropionate.—By acting with 4°2 grams of chloro- 
propionyl chloride on 10 grams of alcohol, there were obtained 3°5 
grams of ester, boiling at 143°5°/746 mm., and having aj —2°92°, 
b=]: 

0°1773 gave 0°1838 AgCl. Cl=25°64. 

C;H,O,Cl requires Cl=25°99 per cent. 

Chlorosulphinyl-lactic Chloride, CH,*>CH(OSOC1)-COCI.—Twenty 
grams of lactic acid + (a, +1°68°, J=1) were heated with 65 grams 


* Giving dextrorotatory salts and esters. 
+ Dextrorotatory salts and esters. 
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of thionyl chloride on a water-bath for three hours, and then for 
six to seven hours in a bath at 105—108°. The temperature of the 
liquid itself rose from 93 to 97°, but was prevented from rising 
above 100° by the addition of further quantities of thionyl chloride. 
On subsequent distillation, the fraction 65—80°/12 mm. was 
collected and redistilled. Nine grams of a colourless, pungent- 
smelling liquid, fuming in the air and readily decomposed by water, 
were obtained. It was strongly dextrorotatory, having ap) +42°, 
j=1, 

Another specimen, obtained from a lactic acid, a, + 1°2° (approx.), 
gave ay+30°,/=1. It boiled at 72°5°/15 mm. 

After eleven distillations in a vacuum: 


0°2382 gave 0°3541 AgCl and 0°3005 BaSO,. Cl=36°8; S=17°3. 
C,H,O,SCl, requires Cl=37°1; S=16°8 per cent. 


The liquid decomposes very slowly below 100°, but at 125° readily 
gives chloropropionyl chloride, hence the necessity of not allowing 
the temperature to rise above 100° in its preparation. 

An attempt was made to realise the reverse reaction—the con- 
version of chloropropionyl chloride into chlorosulphinyl-lactyl 
chloride. 

75 Grams of chloropropionyl chloride (a, +0°80°, /=1)* were 
heated for nineteen hours with liquid sulphur dioxide in a sealed 
tube at 100°. The product gave a,+0°50°, J=1, and distilled at 
the same temperature as the original substance. That the chloro- 
sulphinyl-lactic chloride cannot be prepared by the action of sulphur 
dioxide on chloropropionyl chloride was further proved by heating 
lactic acid with thionyl chloride in a sealed tube at 105° for 
seventeen hours. The principal products obtained were chloro- 
propionyl chloride and chloropropionyl-lactic chloride, thus showing 
that the sulphur dioxide produced during the reaction did not 
prevent the decomposition of the chlorosulphinyl-lactic chloride into 
chloropropionyl chloride at this temperature. 


Chloroproponyl-lactic Chloride, CH,;*>CH(O-CO-CHCI1-CH;)*COCI. 


When lactic acid and thionyl chloride are heated to 110—115° 
for sixteen to seventeen hours, a mixture of chloropropionyl 
chloride and chloropropionyl-lactic chloride is obtained, which can 
be separated by a tedious process of fractional distillation. There 
is also present in the mixture a lactone, which is free from sulphur, 
but contains chlorine; it boils at 130°/15 mm., and is strongly 


* The higher rotation of this specimen, as compared with that given above, 
is due to this containing a little of the highly dextrorotatory chlorosulphinyl-lactic 
chloride (ap + 42°). 
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dextrorotatory, a,+15°8°, /=1. This is presumably lactyl-lactic 
chloride (see p. 1109). 

The chloropropionyl-lactic chloride, after several distillations, 
boiled at 93—94°/13 mm., and had a,+3°60°, 7=1: * 

0°1998 gave 0°2830 AgCl. Cl=35°02. 

C,H,0,Cl, requires Cl=35°65 per cent. 

It is not altered by further heating with thionyl chloride even 
for seven hours at 110—-120°, thus showing that it is not an inter- 
mediate compound in the formation of chloropropionyl chloride 
from lactic acid. 


Chloropropionyl-lactic Acid, CH,-CH(O-CO-CHCI-CH,)*CO,H. 


Chloropropionyl-lactic chloride was treated with dilute sodium 
carbonate solution, and after filtration the acid was liberated with 
dilute hydrochloric acid and extracted with ether. A crystalline 
solid, melting at 46°, was obtained, the rotation of which could not 
be taken at 20° owing to its ready solidification. It had 
a? +4°04°, 7=1. 

The acid crystallises readily from light setitiiiinn the final melt- 
ing point being 48—50°: 


0°1350 gave 0°1075 AgCl. Cl=19°69. 
C,H,O,Cl requires Cl=19°64 per cent. 


B. Action of Thionyl Chloride on Ethyl Lactate. 
Ethyl Chlorosul phinyl-lactate, CH,;*CH(O-SOC1)-:CO,Et. 


Twenty-two grams of thionyl chloride were added to 14°5 grams 
of ethyl lactate (a, + 2°50°, /=1); a vigorous evolution of hydrogen 
chloride took place, and the mixture became slightly warm. After 
heating for two and a-half hours on the water-bath, the excess of 
thionyl chloride was distilled off at atmospheric pressure, and the 
distillation continued in a vacuum. In the first fraction an odour 
of ethyl chloropropionate was observed, but the greater part passed 
over at 95—99°/15 mm., and weighed 21 grams. This proved to 
be ethyl chlorosulphinyl-lactate ; it is a colourless liquid, boiling at 
96°5—97°/12 mm., fuming in the air, and readily decomposed by 
water. It is very strongly dextrorotatory, like the corresponding 
acid chloride (see p. 1111), having aj +77°62°, 7=1: 

0°2368 gave 0°1695 AgCl. Cl=17°70. 

0°2020 ,, 0°2385 BaSO,. S=16°20. 

C;H,O,CIS requires Cl=17°69; S=15°96 per cent. 

* This specimen was obtained from the lactic acid, ap + 1°2° (dextrorotatory esters 

and salts). 
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0°9210 Ester was hydrolysed with dilute sodium hydroxide (about 
1 gram) in a sealed tube; this subsequently required 90°8 c.c. of 


‘ V/10-iodine. S=15°78 per cent. 


Ethyl Thionyl-lactate, SO-[O-CH(CH,)-CO,Et|p. 


Six grams of sthyl chlorosulphinyl-lactate with 3°5 grams of ethyl 
lactate were heated for half an hour on the water-bath, a brisk 
evolution of hydrogen chloride taking place. The reaction was 
completed by heating for one and a-half hours at 120—125°. On 
vacuum distillation, the first fraction, b. p. 50—80°/13 mm., con- 
tained ethyl chloropropionate, but the greater part (4°7 grams) 
passed over at 165—167°/13 mm. (oil-bath 176°). There was no 
residue. 

This ethyl thionyl-lactate is a colourless liquid, which can be 
easily purified because of its high boiling point (167°/13 mm.). It 


‘is scarcely affected by dilute alkalis in the cold, and is strongly 


dextrorotatory, having aj +42°64°, J=1. 

On being decomposed with hot sodium hydroxide solution in a 
sealed tube, the solution, after neutralisation with acetic acid, was 
titrated with V/10-iodine: 

0°7256 required 50°7 c.c. V/10-iodine. S=11°18. 

0°4487 gave 0°3762 BaSO,. S=11°50. 

C,,H,,0,S requires S=11°35 per cent. 

Ethyl thionyl-lactate was also obtained as a by-product in the 
preparation of ethyl chlorosulphinyl-lactate when an insufficient 
quantity of thionyl chloride was used; it exhibited aj +43°26°, 
t=1. 

Action of Thionyl Chloride on Ethyl Thionyl-lactate-——Five grams 
of ethyl thionyl-lactate were heated with 9 grams of thionyl chloride 
for three to four hours at 100—110°. On subsequent distillation 
the principal fraction passed over at 100°/13 mm., but a small 
quantity of the thionyl-lactate remained unchanged. After several 
distillations the ethyl chlorosulphinyl-lactate gave a} + 75°50°, /=1. 

It is noteworthy that these reactions can be carried out with 
practically no loss in optical activity occurring; thus: 


CH,*CH(OSOCI1)-CO, Et 2" ** so(o-CH(CH,)-CO,Et], 8 
al6 + 77 °62°. ald + 42°64°, | 
CH,*CH(OSOCI)-CO,Et. 
ald + 75°50°. 
Action of Pyridine Hydrochloride on Ethyl Chlorosulphinyl- 
lactate.—Thirty grams of ethyl chlorosulphinyl-lactate were 
cautiously heated with 7 grams of pyridine hydrochloride. Re- 
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action commenced at 40°, sulphur dioxide and traces of hydrogen 
chloride being evolved. The temperature was gradually raised to 
80°, and maintained at this for six hours. In the final stages 
sulphur dioxide alone was given off. The mixture was poured into 
water, and the ester separated off; the latter was dissolved in ether 
and washed several times with water acidulated with hydrochloric 
acid, after which it was washed with water only and dried. A 
yield of 16 grams was obtained, the material boiling at 140—146°, 
and having aj’ —3°16°,7=1. After several distillations the ethyl 
chloropropionate boiled at 143—144°, and had aj —3°82°, /=1: 


0°3179 gave 0°3345 AgCl. Cl=26°01. 
C;H,0,Cl requires Cl=25°99 per cent. 


In order to ascertain whether the pyridine hydrochloride causes 
racemisation, 4°5 grams of the above ethyl chloropropionate were 
heated with 5 grams of pyridine hydrochloride for nineteen hours 
at 105°. The product on distillation boiled at 140—147°, and the 
liquid was quite inactive. 

Action of Aniline Hydrochloride on Ethyl Chlorosulphinyl- 
lactate.—Fifteen grams of ethyl chlorosulphinyl-lactate were mixed 
with 7°5 grams of aniline hydrochloride, and gradually heated to 
90°. Reaction began at 80°, but the evolution of sulphur dioxide 
was not so vigorous as when pyridine hydrochloride was used, and 
it was accompanied throughout by hydrogen chloride. Heating 
was continued for eight hours at 90—100°, and, on cooling, ether 
was added to the liquid, which was then filtered to remove aniline 
hydrochloride. On passing dry hydrogen chloride through the 
ethereal solution, a. large quantity of aniline hydrochloride was 
obtained and filtered off. The solution was distilled, and about 
6 grams of ethyl chloropropionate obtained. Owing to the latter 
containing sulphur dioxide, it was washed with water. After 
repeated distillation it boiled at 143—144°, and had a?—4:32°. 
Another preparation gave aj; —4°76°. 

Action of Aniline on Ethyl Chlorosulphinyl-lactate——When 
aniline and the chlorosulphinyl-lactate are mixed, aniline hydro- 
chloride is precipitated, but no sulphur dioxide is evolved, although 
the mixture becomes heated. Even at 110° only a very slight 
evolution of gas occurs. Sulphur dioxide is, however, given off in 
moist air or when the mixture is poured into water. A stream of 
dry hydrogen chloride was passed through the mixture for ten 
hours at 90—100°, but no ethyl chloropropionate could be obtained. 
The compound formed in the case of aniline would appear, there- 
fore, to be different from that which results when aniline hydro- 
chloride is employed, since the latter readily decomposes at 80—90°. 
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The following reaction presumably takes place when aniline is 
added : 
CH,°CH(0-SOCI)-:CO,Et + 2C,H;-NH, =C,H,*NH,,HCl + 
CH,°CH(O-SO-NH-C,H,)-CO,Et. 
CHEMICAL LABORATORIES, 
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CVII.—Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part VI. The 
Optical Rotatory Power of Methyl-tert.-butyl-, 
Methylbenzyl-, Methylphenylethyl- and Methyl-a- 
naphthyl-carbinols. 


By Rosert Howson Pickxarp and JosEpH KENYON. 


Ir has been shown (Lowry, Pickard and Kenyon, this vol., p. 94) 
that the simpler carbinols of the formula R,;CH(OH)-R,, where 
R, and R, represent methyl, ethyl, and other normal alkyl groups, 
have optical rotatory dispersions, for which the ratios Hg at 
a temperature of 20° fall within the limits 1°6 and 1°7, whilst in 
Part IV of this series of investigations (T., 1913, 103, 1931) it 
has been observed that other dispersion ratios remain approximately 
constant at temperatures from 20° to 160°. In view of the results 
recorded in Part V (this vol., p. 830), showing that this dispersion 
ratio for several esters of quite simple chemical constitution is 
both lower than 1°6 and also very variable, and even in many cases 
becomes anomalous as the temperature is increased, it became of 
immediate interest to investigate the effect of temperature on the 
optical rotatory dispersion of several carbinols (containing more 
complex radicles), which have at a temperature of 20° this dis- 
persion ratio about or greater than 1°7. It will be seen (Fig. 1) 
that temperature has a much greater effect on the rotatory powers 
of methyl-tert.-butyl-, methylbenzyl-, methylphenylethyl-, ethyl- 
phenyl-, and methyl-a-naphthyl-carbinols than on those of the 
simpler carbinols of the “methyl” series (Part I, T., 1911, 99, 45), 
of the “isopropyl” series (Part II, T., 1912, 101, 620) and of the 
“ethyl” series (Part IV, loc. cit.). In a like manner, with an 
increase of complexity in the groups R,, R, in the formula 
R,-CH(OH)-R,, the dispersion ratios (see table I) vary greatly. 
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This variation, except in the case of methyl-tert.-butylcarbinol, 
runs approximately parallel with the alteration in the magnitude 
of the temperature-coefficient of alteration in the rotatory power, 
and, so far as the compounds now described are concerned, 
culminates in the properties of methyl-a-naphthylearbinol. This 
carbinol, containing what is undoubtedly the most complex radicle 
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INFLUENCE OF TEMPERATURE 
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100° 
1 


TEMPERATURE 


in any of the yet known optically active carbinols, shows anomalous 
dispersion at and below a temperature of 10° (approximately), 
whilst temperature has, relatively, an enormous effect on its rotatory 
power (see Fig. 2), an increase of 100° from 10° causing a four- 
fold increase in the specific rotatory power for sodium light. It 
is noteworthy that above about 120° the general character of the 
temperature-rotation curves of the carbinols containing a phenyl 
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or naphthyl group becomes very similar, whilst generally it may 
be said for these compounds that above certain temperatures the 
dispersion ratios are very slightly affected by further increase of 
temperature, so that in respect to the dispersions these carbinols 
at the higher temperatures tend to behave in a manner similar to 
those containing less complex radicles. 

The anomalous dispersion of methyl-a-naphthylearbinol can be 
explained on the assumption of the existence of two isomeric forms 
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of the carbinol—these having different dispersive powers and rota- 
tory power of opposite sign, the difference in the optical properties 
of each being due to a change in the disposition of the valencies 
in the naphthyl radicle.* The various values of the specific rota- 


* The two forms may be of the nature of ar- and ac-derivatives, as illustrated by 
the following formule : 
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tory power of this carbinol in the homogeneous state and in various 
solvents can be correlated by the construction of a characteristic 
diagram (Fig. 3) in the manner described by Armstrong and 
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Walker (Proc. Roy. Soc., 1913, A, 88, 388). This same diagram 
also correlates these determinations with those of the rotatory power 


of the hydrogen phthalate of the carbinol, when dissolved in chloro- 
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form and in ethyl alcohol, although under these conditions the 
rotatory power of this ester is of opposite sign to that of the 
carbinol from which it is prepared. The correlation of the rotatory 
powers of the carbinol and its hydrogen phthalate, even in this 
somewhat empirical manner, indicates that the rotatory power of 
the ester is actually some function of that of the carbinol. This, 
along with similar (but much less decisive) evidence quoted in 
Part V, seems to show, in general, that the rotatory power of a 
derivative may bear some simple (and therefore discoverable) rela- 
tion to the rotatory power of the parent compound. 

It has been shown by Lowry and Dickson (T., 1913, 103, 1067) 
that the rotatory dispersion of a large number of organic com- 
pounds in the homogeneous state can usually be expressed by the 
formula a=k/a2—A2. Furthermore, this formula has been shown 
(Lowry, Pickard and Kenyon, this vol., p. 94) to hold at a tempera- 
ture of 20° for the simpler carbinols previously described by us. 
On account of the views put forward by Patterson (T., 1913, 103, 
165), it is of interest to see to what extent this formula holds over 
a range of temperature for the simpler carbinols, for the esters 
described in Part V of this series of investigations, and for the 
carbinols (containing more complex radicles) described in the 
present communication. 

The application of this formula can be roughly tested by plotting 
the reciprocals of the rotatory powers as recorded against the 
squares of the wavelengths for the three lights used (taking Hg- 
violet 4359, Hg-green 5461, and the Na-yellow doublet 5893). If 
the formula holds the curve will be a straight line. Thus it will 
be found that the formula seems to hold at all temperatures from 
20° to their boiling points for the experimental data for butan-8-ol, 
methyl-tert.-butylearbinol, and methylphenylcarbinol, all of which 
have widely different temperature-rotation coefficients. It would 
appear that the dispersion of ethylphenylcarbinol only conforms to 
the formula at and above a temperature of 40° (approx.). The 
cases of the esters and of methyl-a-naphthylcarbinol, which have 
been shown to exhibit under some conditions the phenomenon of 
anomalous rotatory dispersion (in the sense that the term has been 
usually applied), possess special interest. The experimental data 
obtained for the esters at the ordinary temperatures, and those for 
the carbinol at temperatures above 160°, conform approximately to 
the formula, but those obtained respectively for the esters at higher 
temperatures than the ordinary, and for the carbinol below 160°, 
do not appear to conform to this simple formula. A legitimate 
conclusion to be drawn from this would appear to be that the esters 
at low temperatures, and methyl-c-naphthylcarbinol at high 
4D 2 
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temperatures, are, or tend to become, really homogeneous as the 
conditions of temperature favour the existence of one only of the 
two isomeric forms, which have been assumed to be present—a 
conclusion supported by the analogies existing between the 
temperature-rotation coefficients. 

It appears from the data recorded on p. 1128 that each solvent 
has a specific and common action on the rotatory powers of 
carbinols of similar constitution. 


EXPERIMENTAL. 


The general experimental procedure employed is very similar to 
that previously described in detail, so that the description of it is 
omitted from the present paper. All density determinations were 
made in a pyknometer holding about 4 c.c., and are referred to 
water at 4°. The polarimetric observations of the carbinols in the 
homogeneous state were made in a jacketed 50 mm. tube kept at 
the stated temperature by heated mineral oil, and, as recorded 
below, have been calculated for 100 mm., whilst all solutions 
examined were made by dissolving the stated weight of material 
in 20 c.c. of the solvent. The source of the green and violet light 
was a mercury vapour lamp. 


Methyl-tert.-butylcarbinol, CH,-CH(OH)-C(CH,);. 


Good yields of dl-methyl-tert.-butylcarbinol were obtained both 
by reduction of pinacolin* with sodium in moist ether and by 
the interaction of magnesium tert.-butyl bromide and acetaldehyde. 
The dl-hydrogen phthalic ester is readily prepared in the usual 
manner, and crystallises from light petroleum in prismatic rods. A 
question is raised by Delacre (Bull. Acad. roy. Belg., 1906, 7) as 
to the identity of the alcohols produced by these two different 
methods. They are identical, as it was found that specimens of the 
hydrogen phthalic ester prepared from the alcohol obtained by each 
reaction, as well as a mixture of them, all melted at 85—86°. 

The resolution of the dil-ester by the fractional crystallisation 
from acetone of the brucine salt proceeded very rapidly, 189 grams 
of the pure /BdA salt being obtained after five crystallisations of 
a mixture of 399 grams of brucine and 252 grams of the dl-ester. 
The brucine salt of the d-ester crystallises from acetone in lustrous 
needles, melts indefinitely at 148—151°, and in ethyl-alcoholic 
solution has [a],—4°22°. The d-ester obtained from this salt 
crystallised from light petroleum in prismatic rods, which melted 


* This is readily prepared in quantity by the method of Richard and Langlais 
(Bull. Soc. chim., 1910, [iv], 7, 454). 
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at 86—87°, and had [a],,+63°90° in chloroform solution. The 
cinchonidine salt of the J-ester is very soluble both in cold and 
warm acetone. Nine recrystallisations from acetone of the salt 
(prepared from an ester with [a],,—29° in chloroform) gave a pro- 
duct (m. p. 121°, [a],—62°20° in ethyl alcohol) which was not 
pure, as the ester obtained from it had [a],,—59°7° in chloroform. 
The strychnine salt of the d-ester is readily obtained by fractional 
crystallisation from ethyl alcohol. It separates in opaque rhombs, 
melts at 214°, and has [a], —15°45° in chloroform. 

d-Methyl-tert.-butylcarbinol is volatile in a current of steam, 
requires careful fractionation to separate it from ether, boils at 
119—120°, and has n? 1°4146. 


Determinations of Density and Rotatory Power. 


Temperature 16° 33° 51-7° 99° 
Density 0-8219 0-8075 0-7918 0-7459 
33° 50° 59° 86° 96° 114° 
5-00° 4-68° 3-86° 3-50° 3-12° 
18° 31° 41° 47° 71° 94° 103° 114° 
7-56° 6-96° 6-44° 6-10° 5-12° 4-34° 3-98° 3-64° 
Temperature . ° 25° 35° 48° we 83° 94° 
Oplassccsccccccsscosrsncaie +13-14° 12-40° 11-66° 10-66° 9-04° 824° 7-80° 
104° 112° 
7-24° 6-86° 


d-Methylphenylearbinol and |-Ethylphenylearbinol. 


Further determinations of the rotatory power and density of 
these carbinols have been made, in addition to those recorded in 


Part I.* 
d-M ethylphenylearbinol : D!2° 0-9167. 
17° 39° 57° 89° 
+42-42° 41-46° 40-48° 38-68° 
130° 152° 
35-46° 33-94° 
17° 40° 53° 
+ 50-72° 49-48° 48-46° 
130° 157° 
42-06° 40-08° 
Temperature 17° 40° 52° 
Disccascsccncccsccsesseces +88-16° 85:32° 83-96° 


130° 155° 161° 
71-90° 68-20° 67-76° 


* The rotatory power, however, of these samples is not quite so high. 
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1-Lthylphenylcarbinol : D9 0°9025. 
18-5° 44° 51° 63° 86° 108° 
—25-26° 30-10° 30-74° 31-64° 32-54° 32-68° 
127° 148° 163° 
31-74° 31-00° 29-92° 
18-5° 44° 67° 86° 108° 123° 
—32-42° 35-60° 37-74° 38-64° 38-92° 37-92° 
148° 168° 
36-70° 35-26° 
18-5° 39° 43° 68° 86° 107° 
— 54-18° 58-98° 59-72° 63-70° 65-22° 65-42° 


124° 148° 169° 
64-02° 61-86° 59-40° 


Methylbenzylcarbinol, CH,->CH(OH)-CH,°C,H;. 


Methyl benzyl ketone is best prepared by passing a solution of 
phenylacetic acid in an excess of acetic acid through a silica tube 
heated at 400° and half filled with thoria, the yield being more 
than 60 per cent. of the theoretical. The ketone boils at 214°, and 
forms a semicarbazone, which crystallises from ethyl alcohol in 
slender needles, and melts at 188°. It is easily reduced by sodium 
in boiling ethyl-alcoholic solution to the corresponding carbinol, 
which is an oil boiling at about the same temperature as the ketone. 
The hydrogen phthalic ester of the dl-carbinol crystallises from a 
mixture of benzene and light petroleum in stellate masses of small, 
hard prisms, and melts at 113—114°. Fractional crystallisation of 
the brucine salt from acetone (three times), or of the strychnine 
salt from ethyl alcohol (four times), yields the respective JBdA salts 
in a pure state. The brucine salt of the d-ester melts at 153°, and 
crystallises in needles from acetone, in which it is only sparingly 
soluble, as 177 grams of the pure salt required 8 litres of boiling 
acetone to dissolve it; in chloroform it has [a],—4°98°. The 
strychnine salt of the d-ester crystallises in lustrous leaflets from 
ethyl alcohol, melts at 196—197°, and has [a],—18°65° in chloro- 
form. The d-ester (obtained from both of these salts) appears to 
be an oil, and has [a], + 33°76° and [a],, + 39°25° in chloroform and 
ethyl alcohol respectively. 

d-Methylbenzylcarbinol boils at 125°/25 mm., is easily volatile 
in a current of steam, and has n?? 1°5190. 
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Determinations of Density and Rotatory Power. 


0° 17° 39° 60-5° 142° 
1-0046 0:9927  0-9756 0-9566 0-8812 
20° 32° 48° 68° 119° 175° 
+26-24° 26-74° 27-00° 26-98° 25-34° 22-10° 
20° 35° 43° 63° 73° 87° 
+31-88° 32-48° 32-66° 32-90° 32-74°  32-34° 
107° 124° 137° 156° ~=181° 
31-26° 30-36° 29-50° 28-10° 26-24° 
Temperature 20° 35° 43° 62° 77° 87° 106° 
Cilctednarnatiendicvennbans +58-48° 59-40° 59-84° 59-90° 59-60° 59-10° 57-04° 


124° =139° 155° 181° 
55-48° 53-56° 51-70° 48-60° 


Methylphenylethylcarbinol, CH,-CH(OH)-CH,°CH,°C,H,. 


Benzylacetone is easily prepared by Senderens’ method (Compt. 
rend., 1911, 152, 384) from acetic and phenylpropionic acids. 
This author gives the melting point of the semicarbazone at 136°; 
we find, however, that when recrystallised from ethyl alcohol, from 
which it separates in very slender needles, the melting point is 146°, 
and the compound is identical with the product obtained by us 
from the ketone prepared from ethyl benzylacetoacetate (compare 
Klages, Ber., 1904, 87, 2313). The corresponding dl-carbinol 
(a-phenylbutan-y-ol) can be formed by the reduction of the ketone 
by sodium in boiling ethyl-alcoholic solution, and is an oil boiling at 
235°. The hydrogen phthalic ester of this carbinol is also an oil. 
Fractional crystallisation of the brucine salt from acetone readily 
yields the pure /BdA salt, which crystallises in nacreous leaflets, 
melts at 129—130°, and has [a],—6°35° in ethyl alcohol. The 
pure cinchonidine salt (JBIA) is obtained in a similar manner; it 
is only sparingly soluble in acetone (110 grams dissolved in 4 litres 
of boiling acetone), crystallises in clusters of silky needles, melts at 
168—169°, and has [a],—52°86° in ethyl alcohol. The optically 
active esters obtained from these salts could not be made to solidify ; 
the two samples had [a],+44°76° and +54°42°, —44°66° and 
—54°29° each in chloroform and ethyl alcohol respectively. The 
two optical antipodes of a-phenylbutan-y-ol are volatile in a current 
of steam, boil at 132°/14 mm., and have mj 1°5168°. The following 
determinations were made with the /-carbinol : 

Temperature 0° 7° 14° 46° 88° 136° 
Density 0-9917 0-9849 0-9818  0:9555 00-9199 0-8777 
4° 185° «= 42° 74° 90-5° «134° 158° 

—13-60° 13-74° 14-24° 14-40° 14-48° 13-96° 13-58° 
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18-5° 42° 50° 68° 91° 98° 127° 155° 
—16-42° 16-72° 16-94° 17-06° 17-12° 17-06° 16-76° 16-24° 
Temperature 18-5° 42° 52° = 61° 76° 92° 98° 
Bidrcvscecsvssecseccccesces — 27-42° 28-10° 28-48° 28-70° 29-10° 29-14° 29-12° 


127° 155° 
28-64° 27-66° 


Methyl-a-naphthylcarbinol, CH,-CH(OH):C,)H,. 


Methyl-a-naphthylcarbinol is readily obtained (yield about 60 per 
cent.) by the interaction in molecular proportions of acetaldehyde 
and magnesium a-naphthyl bromide, if care is taken to avoid any 
rise of temperature during the usual operations. The products of 
the reaction are: (1) naphthalene (in small quantity), which can 
be removed from the other products by a current of steam; 
(2) anaphthylethylene (compare Tiffeneau and Daudet, Compt. 
rend., 1908, 147, 678); and (3) methyl-a-naphthylearbinol, which 
is separated from the hydrocarbon by fractional distillation. 

dl-Methyl-a-naphthylcarbinol was obtained from the fraction 
boiling at 180—195°/22 mm. It crystallises from light petroleum 
in clusters of hair-like needles, melts at 66°, and boils at 
178°/15 mm. : 

0°1000 gave 0°3071 CO, and 0°0604 H,O. C=83°75 and H=6°71. 

C,.H,,0 requires C=83°72 and H =6'97 per cent. 

The hydrogen phthalic ester cannot be prepared by the general 
method described in detail in Part IV (loc. cit., p. 1937), as the 
carbinol, when heated alone with phthalic anhydride, is merely 
dehydrated. However, the ester is readily obtained in a quanti- 
tative yield by the following method. Equivalent amounts of the 
carbinol and anhydride are dissolved in ten times the weight of 
chloroform. © This is then slowly distilled off on a water-bath during 
about six hours, and the resultant paste, consisting mainly of the 
required ester, poured into a solution of sodium carbonate. The 
ester is then purified in the usual manner, can be recrystallised from 
benzene, and melts at 131—132°. 

The resolution of the ester is easily carried out by the fractional 
crystallisation in the usual manner of the brucine salt from acetone. 
For the first crystallisation 316 grams of the salt were dissolved in 
300 c.c. of hot acetone, and for the seventh and final recrystallisa- 
tion 37 grams in 2 litres of the solvent. Systematic treatment of 
the mother liquors yielded further quantities of the brucine salt 
_of the l-ester. The /-ester was also readily obtained by the frac- 
tional crystallisation of the strychnine salt, in the final crystallisa- 
tion of which 18 grams were dissolved in 200 c.c. of ethyl alcohol. 
The brucine salt of the J-ester separates from acetone in bulky, 


OF ROTATORY POWER ON CHEMICAL CONSTITUTION. 1127 


spherical masses of slender needles, and melts at 176°. The 
strychnine salt of the l-ester separates from ethyl alcohol in hard, 
glassy prisms, which melt at 191°. The hydrogen phthalic ester of 
l-methyl-a-naphthylearbinol is a viscous oil which, when dissolved 
in ethyl alcohol or chloroform, is strongly dextrorotatory. It is 
readily hydrolysed when dissolved in an excess of sodium hydroxide 
solution and warmed on the water-bath. 1-Methyl-a-naphthyl- 
carbinol boils at 166°/11 mm., and on cooling sets to a mass of fine 
prismatic needles, which melt at 47°. It can easily, however, be 
made to remain in a supercooled state as a highly refractive oil. 


Determinations of Density and Rotatory Power. 


14° 33° 54° 77-5° 97-5° 138° 
1:1190 1-1065 1-0865 1-0669 1-0502 1-0167 
10° 17° 35° 39° 46° 55° 88° 
—11-00° 14-70° 23-40° 24-84° 27-60° 30-78° 38-10° 
118° 144° 170° 189° 
40-10° 39-30° 38-16° 37-02° 
10° 17° 33° 61° 63° 93° 115° 
—10-80° 16-14° 25-80° 37-64° 38-:10° 45-28° 47-26° 
122° 132° 160° 175° 188° 
47-10° 47-40° 46-60° 45-46° 44-34° 
10° 17° 33° 61° 93° 116° 
— 9-00° 18-20° 34-20° 59-90° 74-40° 79-50° 


132° 162° 
79-74° 78-30° 


The carbinol was recovered unchanged after the polarimetric 
observations in the homogeneous state, but that recovered from the 
various solvents used in the observations tabulated below was partly 
racemised.* 


* The melting point of this was about 55°, and when examined in benzene 
solution it gave polarimetric results which did not fit on the characteristic diagram. 
The crystallisation of it after distillation was only induced by a seed of the racemic 
carbinol, not by one of the 7-carbinol. 
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THE OXIDATION OF CARBOHYDATES, ETC. 1131 
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MUNICIPAL TECHNICAL SCHOOL, 
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CVIIIl.—The Oaidation of Carbohydrates and Related 
Substances by means of Potassium Persulphate. 


By Joun Kerroot Woop and NELLiz WALKER (Carnegie Scholar). 


THE investigations of Morrell and Crofts (T., 1899, 75, 787; 1900, 
77, 1219; 1902, 81, 665; 1903, 83, 1284), and of Ruff (Ber., 
1898, 31, 1573; 1899, 82, 550; 1899, 32, 3672), have made us 
familiar with the results arising from the oxidation of carbo- 
hydrates by means of Fenton’s reagent. Morrell and Crofts (T., 
1900, 77, 1219) also described an experiment in which potassium 
persulphate was employed in place of hydrogen peroxide, and 
pointed out that although the results of the two methods of treat- 
ment did not materially differ as far as the actual substances 
formed were concerned, there was, nevertheless, a considerable 
difference in the actual quantities of products obtained from a given 
weight of carbohydrate. It is quite evident that the conditions 
under which oxidation is proceeding will be different, when per- 
sulphate is employed, from those which exist when Fenton’s reagent 
is made use of, owing to the acid formed during the decomposition 
of the former substance, and it was accordingly suggested by the 
late Prof. Hugh Marshall that a thorough investigation of the 
subject would be of interest. Numerous preliminary experiments 
were made at his instigation and under his direction, and it is 
hoped that an account of some of the results arrived at will soon 
be ready for publication. 

From the nature of the results obtained in some of the pre- 
liminary experiments, it appeared that potassium persulphate, in 
the presence of silver salts, acts more readily on some carbohydrates 
than on others, and when, on the death of Prof. Marshall, it 
became necessary to decide as to the future course of the work, it 
was decided, first of all, to concentrate attention on this difference 
in the rate of attack and to investigate the problem from the 
physico-chemical point of view; the results so arrived at constitute 
the subject-matter of the present communication. 
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The rates of oxidation of a number of common carbohydrates 
and kindred substances have been determined. Equivalent weights 
of the different compounds were dissolved in equal volumes of 
water, the solutions then being mixed with a solution of potassium 
persulphate in quantity sufficient to supply one atom of oxygen 
per molecule of carbohydrate.* The whole of the experiments 
were conducted at 25°, and the solution of persulphate used was 
almost saturated at that temperature. The reaction proceeds very 
slowly indeed in the absence of a catalyst, but the addition of 
small quantities of silver sulphate leads to a great acceleration in 
the rate of oxidation. This is very evident from the results shown 
in table I, which shows the influence of varying amounts of silver 
sulphate on the rate of oxidation of dextrose by persulphate, as 
measured by the increasing acidity of the solution. In these ex- 
periments 50 c.c. of a 4 per cent. solution of dextrose were mixed 
with 50 c.c. of a solution of potassium persulphate containing avail- 
able oxygen equivalent to one atom per molecule of dextrose. 
Water, or a 0°5 per cent. solution of silver sulphate, or a mixture 
of these two, was then added until the total volume was 130 c.c. 
Portions of the various solutions were periodically removed, 
potassium iodide was added to precipitate the silver, and the liquid 
then titrated with sodium hydroxide. In the table, v indicates 


the volume of silver sulphate solution in the mixture, and 2 the 
change in titre which has occurred during the time t, measured in 
minutes from the moment of mixing the solutions. 


TaBLeE I. 


v=10. v=20. 


x. z. 
3-05 4-33 
4-92 7-09 
6-75 9-20 
8-31 11-35 
9-76 13-21 
11-08 14-65 
12-54 16-11 


17-07 21-13 
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It will be observed that even small amounts of silver salts pro- 
duce a marked effect on the rate of oxidation; increase in the 
amount of silver causes a further increase in the velocity, but the 
acceleration is not proportional to the additional quantity of silver 
salt present. The relation between the quantity of silver salt 

* In view of the hydrolysis of disaccharides by the acid formed from the 


persulphate, one atom of available oxygen was added for each half-molecular 
quantity of the sugar. 
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present and the accelerating effect produced is shown in Fig. 1, in 
which the volume of silver sulphate has been plotted against the in- 
crease of acidity after the action has been in progress for two hours. 

In view of the above results it was decided, in order to ensure 
that oxidation should proceed at a rate convenient for measure- 
ment, to add 20 c.c. of a 0°5 per cent. solution of silver sulphate 
to each 100 c.c. of carbohydrate and persulphate mixture. 

Various methods of following the progress of the reaction were 
tried. Obviously, methods by which the quantity of unchanged 
persulphate could be directly determined would be preferable, but 
experience showed that neither the method of Le Blanc and Eckhardt 
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5 10 15 20 25 
C.c. of 0°5 per cent. Ag.SO, solution. 


(Zettsch. Elektrochem., 1899, 5, 355) nor that of Mondolfo (Chem. 
Zeit., 1899, 23, 699) was very satisfactory, and it was ultimately 
decided to follow the reactions by measuring the acid generated. 
The velocity-constant was calculated on the assumption that the 
reaction was of the bimolecular order. Owing to the method 
employed for following the reaction, a complication arises in the 
calculation of the velocity-constant, inasmuch as the acid is formed 
partly from the persulphate and partly as an oxidation product of 
the carbohydrate. This difficulty, however, can be easily overcome. 
Knowing the concentration of the persulphate solution, it is an 
easy matter to calculate the amount of acidity, in terms of the 
alkali used for titration, which would be produced by the decom- 
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position of the quantity of persulphate contained in the reaction 
mixture. A comparison of this figure with that actually found by 
titration after the completion of the reaction enables one to deter- 
mine what proportion of the earlier titres is due to the decomposi- 
tion of the persulphate and what to the oxidation products; in this 
way the quantity of unchanged persulphate present in the reaction 
mixture at any given time can be approximately determined and 
utilised in the calculation of the velocity-constant. The correct 
velocity-constant is, as a matter of fact, arrived at by multiplying 
the uncorrected constant calculated from the actual observed titres 
by the ratio of the observed increase of acidity to the calculated 
increase. It will be seen from the figures given that the results 
obtained are, in many cases, of a sufficiently consistent character, 
taking into consideration the difficulty in accurately estimating the 
quantity of persulphate used up, to justify this method of calcula- 
tion. In those cases where a uniform value for the velocity-constant 
was not obtained, the most probable reason for the discrepancy is 
the occurrence of secondary reactions. 

With a view to the economy of space, the results of only one 
experiment with each substance are given, but it may be mentioned 
that these results have been repeatedly confirmed. 

The solution of potassium persulphate employed contained 52°85 
grams per litre. . At regular intervals, 2 c.c. of the reaction mixture 
were removed, potassium iodide was added, and the solution then 
titrated with a WV /100-solution of sodium hydroxide. Except in 
the case of lactose and maltose, where the amounts of sugar used 
were not strictly equivalent to those of the other substances, the 
volume of alkali necessary to neutralise the acid formed by the 
decomposition of the whole of the persulphate in 2 c.c. of the 
original mixture was 32°62 c.c.; the corresponding amounts for 
the lactose and maltose experiments are indicated in the respective 
tables. In the following tables, z indicates the increase of titre 
in time ¢, a the difference in titre between the beginning and end 
of the reaction, & the uncorrected and c¢ the corrected velocity- 
constant. 

Taste II. 


Dezxtrose.—The solution contained 3°877 grams per 100 c.c. 


. 47-65k 
a—z. ° C= 39.62 
47-65 _ — 
0-000143 0-000209 
0-000127 0-000186 
0-000120 0-000175 
0-000114 0-000167 
0-000112 0-000163 
0-000112 0-000163 
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TaB_Le III. 
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Galactose —The solution contained 3°52 grams per 100 c.c. 


Titre. 


1-16 
5-88 
8-98 
11-52 
13-54 
15-62 
17-38 
48-21 


a—az. 


47-05 
42-33 
39-23 
36-69 
34-67 
32-59 
30-83 


TABLE LV. 


k. 


0-000158 
0-000141 
0-000133 
0-000126 
0-000126 
0-000124 


_47-05k 
= "32-62 ° 


0-000228 
0-000204 
0-000192 
0-000182 
0-000181 
0-000179 


Arabinose.—The solution contained 2°936 grams per 100 c.c. 


Titre. 


1-86 
6-28 
9-75 
12-24 
14-54 
16-82 
18-58 
20-37 
48-90 


a—2z. 


47-04 
42-62 
39-15 
36-66 
34:36 
32-08 
30-32 
28-53 


TaBLE V. 


k. 


0-000147 
0-000143 
0-000134 
0-000131 
0-000132 
0-000130 
0-000131 


p= £1: 04k 
~ 32-62 ° 


0-000212 
0-000206 
0-000193 
0-000188 
0-000191 
0-000188 
0-000188 


Xylose.—The solution contained 2°936 grams per 100 c.c. 


t. Titre. 


1-59 
6-18 
9-50 
12-21 
14-57 
16-62 
18-71 
50-20 


a—zZ. 


48-61 
44-02 
40-70 
37-99 
35-63 
33-58 
31-49 


TaBLe VI. 


k. 


0-000143 
0-000133 
0-000128 
0-000125 
0-000123 
0-000124 


ow t8:61k 
~ 92°62 ° 


0-000213 
0-000198 
0-000190 
0-000186 
0-000183 
0-000185 


Rhamnose.—The solution contained 3°6 grams per 100 c.c. 


Titre. 


1-55 
5-33 
8-22 
10-15 
12-04 
14-02 
15-78 
17-47 
47-76 


a—az. 


46-21 
42-43 
39-54 
37-61 
35-72 
33-74 
31-98 
30-29 


k. 


0-000128 
0-000114 
0-000110 
0-000106 
0-000107 
0-000107 
0-000108 


0-000182 
0-000162 
0-000156 
0-000150 
0-000151 
0-000152 
0-000153 
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Taste VII. 


Laevulose.—The solution contained 3°52 grams per 100 c.c. 
: 41-20k 
Titre. x. a—z. k. C= "55.69 * 
1-22 — 41-20 — — 
5-93 4-71 36-49 0-000209 0-000264 
8-88 7-66 33-54 0-000185 0-000233 
11-39 10-17 31-03 0-000177 0-000223 
13-33 12-11 29-09 0-000169 0-000213 
14-95 13-73 27-47 0-000162 0-000204 
16-70 15-48 25-72 0-000162 0-000205 
42-42 41-20=a — — me 


TasLe VIII. 


Sucrose.—The solution contained 3°35 grams per 100 c.c. 


: 37-90k 
t. Titre. a a-Zz. k. c= 32-62 . 


1-51 37-90 — _ 

6-06 33-35 0-000240 0-000279 

9-45 . 29-76 0-000233 0-000271 
11-76 27-65 0-000217 0-000252 
14-07 25-34 0-000218 0-000253 
16-24 23-17 0-000224 0-000260 
17-12 22-29 0-000205 0-000238 
18-84 20-57 0-000212 0-000246 
39-41 — — _— 


Taste IX. 
Lactose.—The solution contained 3°6 grams per 100 c.c. 


Titre. \ a—z2. k. 33-76k 


o= "33-32 

1-74 33-76 - prt 
5-67 29-83 0-000260 0-000264 
8-00 27-50 0-000225 0-000228 
10-09 25-41 0-000216 0-000219 
12-10 23-40 0-000218 0-000221 
14-14 21-36 0-000229 0-000232 
15-61 19-89 0-000230 0-000233 
16-50 19-00 0-000219 0-000222 


TABLE X. 


Maltose.—The solution contained 3°347 grams per 100 c.c. 


Titre. ; a-x. k. wn 42-26k 


i 

1-86 42-26 _ om 
7-07 37-05 0-000222 0-000302 
11-21 32-91 0-000224 0-000305 
13-91 30-21 0-000210 0-000286 
16-75 27-37 0-000215 0-000293 
19-46 24-66 0-000225 0-000307 
20-54 23-58 0-000208 0-000283 
22. 10 22-02 0-000207 0-000282 

44-1 a pea 
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TaBLE XI. 
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Mannitol.—The solution contained 3°56 grams per 100 c.c. 


Titre. 


1-45 
3-43 
5-63 
7-57 
9-10 
10-69 
12-50 
14-05 
42-18 


40-73=a 


a-2Z. 


40-73 
38-75 
36-55 
34-61 
33-08 
31-49 
29-68 
28-13 


TaBLE XII. 


k. 


0-0000836 
0-0000936 
0-0000965 
0-0000946 
0-0000961 
0-000102 

0-000105 


_ 40-73k 
o="32-62 ° 


0-000104 
0-000117 
0-000120 
0-000118 
0-000120 
0-000127 
0-000131 


Dulcitol.—The solution contained 3°56 grams per 100 c.c. 


a-Z. 


39-99 
38-12 
36-14 
34-42 
32-68 
31-03 
29-34 
27-79 


TaBLE XIII. 


k. 


0-0000818 
0-0000888 
0-0000899 
0-0000932 
0-0000962 
0-000101 

0-000105 


_ 39-99% 


o="32-62 * 


0-000100 
0-000109 
0-000110 
0-000114 
0-000118 
0-000124 
0-000128 


Sorbitol.—The solution contained 3°56 grams per 100 c.c. 


Titre. 


1-40 


x. 


r= «© G0 OT G9 
SSVOKaG | 
IOI 00 a 


~_ 
PS 
bo 

i 

g 


a—w. 


41-42 
39-85 
37-84 
36-05 
34-47 
32-15 
31-76 
30-42 


TABLE XIV. 


k. 


0-0000634 
0-0000761 
0-0000799 
0-0000811 
0-0000828 
0-0000816 
0-0000831 


__41-42h 
o=32-62 ° 


0-0000805 
0-0000967 
0-000101 
0-000103 
0-000105 
0-000104 
0-000105 


Erythritol_—tThe solution contained 2°4 grams per 100 c.c. 


Titre. 


1-35 
3-56 
5-58 
7-62 
9-73 
11-67 
13-39 
15-14 
46-40 


BMI S HO Hip to 
RSLSeyeel § 


et et pet 
ll 
a 


a—vrx. 


45-05 
42-84 
40-82 
38-78 
36-67 
34-73 
33-01 
31-26 


k 


0-0000763 
0-0000767 
0-0000798 
0-0000845 
0-0000879 
0-0000900 
0-0000933 


c 


__ 45-05k 
~ 32-62 ° 


0-000105 
0-000106 
0-000110 
0-000117 
0-000121 
0-000124 
0-000129 
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TaBLE XV. 
Glycerol_—The solution contained 1°80 grams per 100 c.c. 
. 40-64% 
t. Titre. Be a—«. k. C=35.62 
0 1-16 — 40-64 — —_ 
15 3-67 2-51 38-13 0-000108 0-000134 
30 6-66 5-50 35-14 0-000128 0-000160 
45 9-75 8-59 32-05 0-000147 0-000183 
60 12-95 11-79 28-85 0-000168 0-000209 
75 16-08 14-92 25-72 0-000190 0-000237 
90 19-15 17-99 22-65 0-000217 0-000271 
107 21-89 20-73 19-91 0-000239 0-000298 
an 41-80 40-64=a ny a an 


Discussion of Results—An examination of the results obtained 
will show that in the case of the aldoses fairly concordant values 
are obtained for the respective velocity-constants, especially if the 
first two or three readings are rejected. It is, of course, generally 
recognised that in determinations of velocity-constants the earlier 
results are the ones most subject to error, owing to the proportion- 
ately greater influence exerted at this stage of the reaction by 
errors of experiment and observation; there is, therefore, some 
justification for rejecting these earlier results. If this be done, the 
following mean values are obtained for the velocity-constants of the 


aldoses: 


SR ics h cee eitdadnmecmpiiaeessnasenianen 1-64 x 10-4 
IS iieccisadatuieheseaaccsimedensieaieanns 1-81 x 10-4 
IE didn cu. dkecncchbccdunnnsesdeceatsesiiasane 1-89 x 10-4 
PEMD a cnseccsscccccrencscccscccocccssocssscsooss 1-85 x 10-4 
PIU, -dicisutdcacnucicapetadibaassuasasiseces 1-51 x 10-4 


It is evident that, although there are differences in the rates 
at which these sugars undergo oxidation in the circumstances which 
have been described, these differences are not of very great magni- 
tude; galactose, arabinose, and xylose are all oxidised at approxi- 
mately the same rate. Another interesting point in connexion with 
these particular sugars is with regard to the amount of acid 
generated during the reaction. In every case the total increase of 
acidity is not very far removed from one and a-half times the 
amount which would be obtained from the persulphate itself, the 
discrepancy being greatest in the case of rhamnose and least with 
xylose. Such a result would be obtained, of course, if the aldose 
was quantitatively converted into the aldonic acid, although a 
similar increase of acidity might also arise through the formation 
of other oxidation products. Taking into consideration, however, 
the apparent regularity of the oxidation process in these cases, as 
shown by the velocity-constants, it appears extremely probable that 
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under such conditions as were employed by the authors, the aldoses 
are almost completely converted into the corresponding aldonic 
acids. 

For purposes of comparison with the other simple sugars, the 
velocity-constant for the oxidation of levulose was calculated by 
means of the bimolecular formula. The higher value so obtained, 
as compared with the corresponding constant for dextrose, is in 
agreement with the observation made by Morrell and Crofts (T., 


1899, 75, 787) regarding the relative rates of oxidation of the two~ 


sugars by means of Fenton’s reagent. Assuming the action to be 
of a bimolecular nature, the most probable product of oxidation 
would be glucosone; Morrell and Crofts (loc. cit.) showed that this 
substance is actually formed by the action of Fenton’s reagent on 
levulose. In the event of glucosone being produced, the increase 
in the acidity of the solution would correspond with the acid pro- 
duced from the persulphate. It is quite apparent that this con- 
dition is not fulfilled, for the increase in acidity is considerably 
greater than would be the case if the acid was being formed only 
from the persulphate. It may be concluded, therefore, that the 
levulose is by no means quantitatively converted into glucosone. 
Another possibility would be for the sugar to be oxidised at the 
carbonyl group, giving as oxidation products trihydroxybutyric 
acid and glycollic acid; this action would be of a termolecular 
order, and the increase of acidity would be considerably greater 
than that actually observed. A velocity-constant has been calcu- 
lated from the observed results by means of the termolecular 
formula, and the values obtained show quite as good agreement as 
those arrived at by the application of the bimolecular formula. 
Taking everything into consideration, it seems probable that the 
oxidation of levulose by persulphate is a more complicated process 
than that involved in the oxidation of the aldoses, and that several 
actions are proceeding simultaneously. 

As regards the disaccharides, although the solutions used were 
of only approximately equivalent concentration, it is quite evident 
from the results that the rates of oxidation of sucrose, lactose, and 
maltose are not widely different. It has been mentioned already 
that in the original mixtures only half the molecular quantity of 
disaccharide per atom of available oxygen was present, so that after 
hydrolysis by the generated acid the molecular_ratio of carbohydrate 
and oxidising agent would be the same as in the case of the simple 
sugars, thus allowing of a comparison being made between the 
relative rates of oxidation. As might be expected from the prob- 
able greater susceptibility to attack of the products of hydrolysis 
of the disaccharides at the moment of their formation, the rates 
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of oxidation of the disaccharides are greater than those of the 
simple sugars. 

With respect to the alcohols, the fact that in the majority of 
cases a fairly uniform velocity-constant is not obtained, even after 
the action has been in progress for some time, is indicative of the 
occurrence of secondary reactions. In the case of sorbitol, a 
constant value is ultimately attained, and with mannitol the varia- 
tion is not very great, but in the other cases steadily rising values 
are obtained for the velocity-constants, this being most marked with 
glycerol. The steadily rising constants point to the more rapid 
oxidation of the aldehyde group as compared with the primary 
alcohol group. 
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CIX.—The Reaction Between Sodium Benzylthio- 
sulphate and Iodine. 


By Tuomas Siater Price and ARTHUR JAQUES. 


In 1909 Price and Twiss (T., 95, 1489) showed that alkylthio- 
sulphates react with iodine in aqueous solution, with the formation 
of disulphides, the reaction being analogous to that between alkyl- 
selenosulphates and iodine, which has been found to take place 
quantitatively (Price and Jones, T., 1909, 95, 1729) according to 
the equation 

2KO-SO,°SeR + 2H,O + I, =R,Se, + 2K HSO,+ 2HI. 

In the note it was stated that, in all probability, the reaction is 
direct, and does not consist in a primary hydrolysis of the alkyl- 
thiosulphate by water and oxidation of the resulting mercaptan; it 
was hoped that measurements of velocity would throw light on the 
mechanism of the reaction. 

The present authors have now carried out an extended series of 
measurements on the velocity of reaction between sodium benzyl- 
thiosulphate and iodine in aqueous solution at 25°, the results of 
which are given in this paper. The measurements are not as com- 
plete as we could desire, but as the joint work could not be con- 
tinued, they have had to be brought to a conclusion. Although in- 
complete, the results obtained are of interest, and are now 
published, since it is doubtful when the reaction could be further 


investigated. 
An aqueous solution of pure sodium benzylthiosulphate remains 
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neutral for weeks at the ordinary temperature, so that hydrolysis 
does not appear to take place, under these conditions, according to 
the equation 
C,H;°CH,°S-SO,-ONa + H,O =C,H,;°CH,"SH + NaHSQ,. 

Also, catalysis by acids takes place extremely slowly at tempera- 
tures up to 100°, unless the acid is concentrated. For example, 
50 c.c. each of V/10-hydrochloric acid and V/10-sodium benzylthio- 
sulphate were mixed, and the solution maintained at 100° for four 
hours. Five c.c. of the original solution were equivalent to 
17°70 c.c. of a solution of sodium hydroxide, and the titre had only 
increased to 18°00 c.c. after the four hours. Again, measurements 
of the electrical conductivity of such solutions at 25° showed that 
reaction took place extremely slowly. 

The reaction between sodium benzylthiosulphate and iodine (in 
potassium iodide solution) takes place fairly rapidly at 25°, so that 
it is obvious that there is no primary hydrolysis by the water, 
succeeded by oxidation of the resulting products with iodine. 

Before proceeding to measurements of velocities, it was necessary 
to prove that the reaction is quantitative, in accordance with the 
equation 

2C,H;*CH,°S-SO,°-ONa + 2H,0 + I, = (C,;H;"CH,).8, + 

2HI + 2NaHSQ,. 

To known weights of sodium benzylthiosulphate were added a 
known excess of V/10-iodine solution; after keeping for a week, 
the excess of iodine was determined. It was found that the molar 
ratio of sodium benzylthiosulphate to iodine necessary for oxidation 
was respectively 1°94: 1 and 1°92: 1 in the two experiments, so that 
the reaction is quantitative.* At the same time, these experiments 
indicated that there might be considerable difficulty in obtaining 
accurate measurements of velocity, owing to adsorption of the iodine 
by the benzyl disulphide, which precipitates out as it is formed. 
It was conceivable that, owing to this adsorption, there might be 
a considerable difference in the results when the reaction mixture 
was kept still and when it was well shaken. The following curve, 
which gives the results obtained in five different experiments, shows, 
however, that the results are remarkably concordant,+ and appar- 
ently independent of the method of treatment of the reaction 
mixture. 

The reaction mixture was prepared by mixing, at the ordinary 
temperature, 50 c.c. each of solutions of sodium benzylthiosulphate 


* We are indebted to Dr. Twiss for carrying out these experiments. 
+ In most cases the results of different experiments agreed even better than those 
for which the details are given here. 
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and iodine of such strengths that the resulting solution was 
0°0125-M, 0°05-M, and 0°025-M with respect to iodine, potassium 
iodide, and sodium benzylthiosulphate respectively. Ten c.c. of the 
reaction mixture were then transferred, by means of a pipette, either 
into small test-tubes of Jena glass or into small -tubes constricted 
ready for sealing. The test-tubes were closed with paraffined corks, 
the constricted tubes sealed at the blow-pipe, and the various tubes 
immersed in a thermostat at definite times. Some of the tubes 
were kept still, and some kept revolving continuously by an appro- 
priate arrangement, whereby the contents were well shaken. At 
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definite intervals of time the whole of the contents of each tube 
was titrated with 0°01N-thiosulphate solution. 

Although the results are satisfactory, it is possible for consider- 
able errors to occur, at times, in the individual titrations; con- 
sequently, for each particular set of concentrations used, a number 
of different measurements of velocity were made, and a smoothed 
curve drawn through the plotted results. From these smoothed 
curves the figures in the following tables were obtained. More- 
over, instead of making up the reaction mixtures as indicated 
above, it was found better previously to heat the individual solu- 
tions at 25°, and make up each small tube of the reaction mixture 
separately, by adding, by means of a pipette, the required amount 
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of the solutions (and water if necessary). The tubes were of such 
a size that the reaction mixture nearly filled them; in some cases 
test-tubes of Jena glass were used, in other cases weighing tubes 
with tightly fitting stoppers. In all cases the tubes were shaken 
in the thermostat. 

According to the equation already given, the reaction should be 
of the second order with respect to sodium benzylthiosulphate, and 
of the first order with respect to the iodine. This was tested by 
carrying out measurements with either of the components in excess. 

Iodine in Excess—In these experiments, in order to determine 
the extent to which the reaction had proceeded, it was found 
advisable to run the reaction mixture into a known excess of 
standard thiosulphate solution, and determine the excess of the thio- 
sulphate by titration with standard iodine solution, the procedure 
thus differing from that described above, and holding for all other 
sets of experiments. 

The results are given in the following tables, where ¢ is the time 
in minutes, measured from the moment at which the reaction mix- 
ture was made up, z the extent to which the reaction has pro- 
ceeded, expressed in terms of c.c. of 0°01N-thiosulphate, k, and k, 
are the velocity-constants calculated according to reactions of the 
first and second order respectively, reckoning from the time of the 


first titration ; c represents the original quantity of sodium benzyl- 
thiosulphate in each tube, expressed in c.c. of 0°01V-thiosulphate. 
The concentrations given at the head of each table are expressed in 
mols. per litre; for example, 0°4KI represents a solution which is 
0°4-molar with respect to potassium iodide in the reaction mixture. 


NaBz represents sodium benzylthiosulphate. In each case the 
figures given represent the mean values of four different sets of 
experiments. 


I. 0'4KI, 0°05I,, 0°O1NaBz. c=20. 
30 40 50 60 

0-78 1:02 1-25 1-50 
562 553 546 555 
67 66 66 67 


k, X 10°=547. 


II. 0°4KI, 0°05I,, 0°005NaBz. c=10. 


80 100 
1-23 

(550) 520 
139 133 


ke, x 108=517. 


120 140 
1-44 1-64 
522 520 

135 136 


160 
1-83 
516 

137 


Mean...... k, X 10°= 136. 
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III. 0°2KI, 0°025I,, 0°005NaBz. c=10. 


6 eae 50 70 90 110 130 150 
prams 0-81 1-08 1-33 1-59 1-85 2-09 
k,x108 .... 0 — 648 633 642 652 651 
k,X108 .... — 164 163 168 174 176 


peace k, x 10°= 645. Mean......4, X 10°=169. 


It would be difficult to decide the order of the reaction with 
respect to sodium benzylthiosulphate from a comparison of the 
values obtained for 4, and k,, since, although those of k, remain 
very constant throughout the experiment, those of fk, are also fairly 
constant. The matter is readily decided, however, by appeal to the 
ordinary methods used in such cases. Since in experiments I and 
II the concentration of the iodine is the same, and it is in large 
excess, the ratio of the values obtained for the velocity-constants in 
these two experiments should be 1. For 4, the ratio is 
547: 517=1°06, whereas for k, it is 67: 136=0°49, thus indicating 
that the reaction is of the first order with respect to the sodium 
benzylthiosulphate. The same result is obtained if use is made of 
the equation n=1 + log t, /t,/log ¢,/¢,, where n is the order of the 
reaction, ¢,; and ¢, are the times necessary for the reaction to 
proceed a definite fraction of its course in two different experi- 
ments, and c, and cy are the concentrations of the sodium benzyl- 
thiosulphate in the two experiments. In the above experiments, 
I and II, the reaction is complete to the extent of 10 per cent. in 
83 and 77°5 minutes respectively, from which it follows that 
n=0°901, that is, the reaction is unimolecular with respect to the 
sodium benzylthiosulphate. 

At first sight it would seem as if the result obtained in III con- 
tradicts the above conclusions. The concentration of the iodine in 
these experiments is only half of what it is in II, that of the 
sodium benzylthiosulphate remaining the same, and therefore the 
value of the velocity-constant should be one-half of what it is in II, 
in accordance with the equation dv/dt=kB(A —~z), where A is the 
concentration of the sodium benzylthiosulphate and B the concen- 
tration of the iodine, which is present in excess. The value of k, 
calculated is therefore equal to &B, and will depend on the value 
of B. The ratio of the velocity-constants in II and III should 
therefore be 2; it is actually 517: 645=0°80, there thus being no 
agreement. It will be shown later, however, that the velocity of 
reaction depends, not on the total concentration of iodine in the 
solution, but on the concentration of the free iodine. In II and 
III the concentrations of the free iodine are respectively 0°000196 
and 0°000195 mols. per litre at 25°, that is, they are the same, and 
therefore the ratio of the velocity-constants should be equal to 1, 
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the actual ratio being 0°80. Considering the complicated nature 
of the reaction, this may be considered as satisfactory. 

Sodium Benzylthiosulphate in Excess.—The results are given in 
the following tables. &, represents the velocity-constants calcu- 
lated according to a reaction of the first order; the meaning of 
K' will be explained later. c represents the original quantity of 
iodine present in each tube, expressed in c.c. of 0°01N-thiosulphate. 


IV. 0°04KI, 0°005I,, O'1NaBz. c=20. 


0 nntascmnaneee 5 7-5 10 12-5 15 17-5 20 

DP straiincse 4-70 5-80 6-85 7-90 8-82 9-68 10-43 

k,x10* .... — 130 140 135 136 137 136 

E’xK10°.... — 120 124 128 133 135 134 
Mean...... k, x 10*= 136. Mean...... K’ x 10°=129. 


V. 0°04KI, 0°005I,, 0°05NaBz. c=20. 


T cosnesensace 5 10 15 20 25 30 

ee 2-75 4-20 5-58 6-80 8-02 9-20 

k, x 10+ — 76 78 77 79 81 

K’x 10° — 69 71 71 73 77 
Mean...... k, X 10‘=78. Mean...... K’ x 10°=72. 


VI. 0°02KI, 0°0025I1,, 0°05NaBz. c=10. 


© visscsscnscee 5 7-5 10 12 14 15 17-5 20 
De dccncisveese 2-60 3-47 4-21 4-70 5-17 5-37 5-85 6-30 
k&xl10 .... — 217 213 207 206 204 201 201 
K’x10°.... — 106 106 103 104 103 103 104 
Mean...... k, X 10'= 207. Mean...... K’ x 10°=104. 


In the above tables, IV, V, and VI, the figures given are the 
mean of five, two, and two experiments respectively. 

The values of k, are fairly constant in each experiment. If the 
reaction is of the first order with respect to the total iodine, the 
ratio of the velocity-constants in experiments IV and V should be 
2, since the concentration of the sodium benzylthiosulphate in IV 
is twice what it is in V; the actual ratio is 136: 78=1°7. The 
ratio of the velocity-constants in experiments V and VI, in which 
the concentration of the sodium benzylthiosulphate is the same, 
should be 1; the actual ratio is 78: 207=0°37, which altogether 
disagrees with the theoretical ratio. It follows, therefore, that 
the reaction is not of the first order with respect to the total 
iodine. 

The possibility remains that it is the free iodine which enters 
into reaction with the sodium benzylthiosulphate, and not the 
iodine present as tri-iodide ion. This was tested by the following 
experiments in 52 per cent. alcoholic solution. The values of A —a 
in the following table represent the titre, expressed in c.c. of 
0°01N-thiosulphate solution, of 10 c.c. of a solution of the composi- 
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tion 0°05KI, 0°0125I,, 0°025NaBz; those of A—z’, the titre of 
10 c.c. of a solution of the composition 0°0125I,, 0°025NaBz. ¢ is 
the time which has elapsed since the solutions were mixed. 


51 171 301 532 
23-36 21-65 19-61 15-69 


22 32 47 75 128 
12-50 11-96 11-42 10-80 9-80 8-33 

The reaction thus proceeds enormously faster in the absence of 
potassium iodide, the value of the iodine titre falling to one-half in 
sixteen minutes; moreover, it begins to slow down very quickly 
after a time, owing to the fact that free iodine is removed from 
the solution by the hydriodic acid formed during the course of the 
reaction. These experiments show, at the same time, that the 
reaction proceeds much more slowly in aqueous-alcoholic solution in 
the presence of potassium iodide than it does in aqueous solution. 

Assuming that the reaction is unimolecular with respect to both 
the sodium benzylthiosulphate and the free iodine, the velocity- 
equation may be written: 

dz/dt=k(A —2z)¢, 

where A is the initial molar concentration of the sodium benzyl- 
thiosulphate, ¢ is the molecular concentration of the free iodine 
at the time ¢, and z is the number of molecules of iodine which has 
disappeared at the time ¢. The diminution in concentration of the 
sodium benzylthiosulphate is then A —2z, since, according to the 
reaction equation, 2z mols. of sodium benzylthiosulphate disappear 
for each x molecules of iodine. 

Let B represent the total molecular concentration of iodine and 
C the total molecular concentration of potassium iodide at the 
commencement of the reaction. 

If sodium benzylthiosulphate is present in large excess, the 
velocity equation may be written : 

dz/dt=kA¢=K¢q, 
where K=kA. 

At the time ¢, 

¢=[KI]+[KIg] 

The total iodine=B-—z=¢+([KI,]+[HIs,] 
since hydriodic acid is formed during the reaction. 

The total concentration of hydriodic acid is: 

22 =[HT]+[HIs] 

Also [KI]¢ /(K1,]=% =[HT]$ /[H11,] 
From (1) and (2) by subtraction, 

C—B+2=[KI]- ¢—-[HI,] 
Addition of (3) and (5) gives 
C—B+3x2=[KI]+[HI]-¢ 
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Also from (4) and (2) 
[KI] + [HI]=-'([KT;]+[HIs])/¢, 
=k!(B—x-¢)/¢. 
Substitution in (6) then gives: 
C-B+3a=k(B—2—$)/$—$, 
“. /p=($+C-B+3z)/(B—2z-$), 
=w, where k'/d=o, 
*, (0+ 3)-Bo+C—-B=—¢(0+1)=—k/—-k’/o 
This equation, on differentiation, gives: 
(w+ 3)dz/dt=(B—2+k!/w*)dw/dt, 
that is, 
K(w+3)k'/w=(B-—2+k!'/w*)dw/dt, 
since dx/dt=Ko¢=Kk'/w. 
é (B -— x)w? + k’ dw py 
a ~- a le 
On integration, this equation gives: 
R log,(w + 3) + (Kk! /3)log,w + 3B / (w+ 3)—-3B=Kk't + const. . 
where R=2B+C+ 2k’ /3. 
The integration-constant is evaluated as follows: 
When t=t), r=, 
.. from (7) 
%o(w + 3) -—Bo+C—B=— hk! —k’/o. 
*. ©=(P + 309+ Q)/2(B—a), 
where P=C—B+k! and Q=o (P+ 32))?+4(B— ak’. 

Substituting this value of w in (8), and subtracting the resulting 
equation from (8), we get, finally, 

2°30262 log(w + 3) — 2°3026R log(S + 3) + 2°3026(k! /3)logw — 

2°3026(k! /3)log S+3R/(w+3)—3R/ (S+3)=Kk'(t—ty), 
where S=(P+32)+ Q)/2(B—2p). 

The values of K’ (=Kk’) given in tables IV, V, and VI are 
calculated from this equation, k/ being taken as having the value 
0°00138 at 25° (compare Bray and MacKay, J. Amer. Chem. Soc., 
1910, 32, 914; Washburn and Strachan, ibid., 1913, 35, 681). 
x is expressed in cc. of 0°01N-thiosulphate. The values of K’ are 
calculated in terms of molecules per litre. 

In IV and VI the results are very satisfactory, but in V there 
is a gradual rise in the values of the constant. 

The ratio of the values of K’ in IV and V should still be 2, the 
experimental ratio being 129: 72=1°8. The ratio in experiments 
V and VI is 72: 104=0°7, as compared with the theoretical ratio 1. 
This agreement may be taken as satisfactory when the complicated 
nature of the reaction is taken into account. 
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It should be mentioned that the equation dz/dt=k(A —2z)¢ 
leads to the ordinary unimolecular equation when the total con- 
centration of the iodine is large compared with that of the sodium 
benzylthiosulphate, so that the results obtained with iodine in 
excess do not need further discussion. 

Sodium Benzylthiosulphate in Equivalent Molecular Proportions. 
—tThe equation representing the velocity of reaction is again 

dz/dt=k(A —22)¢ 

=2k(B—2x)¢ 

- K(B ja x), 
where A and B have the same signification as before. 

In the same way, as was deduced above, it follows that 
(w+ 3)dz/dt=(B-—2+k!'/w*)dw/dt, 
that is, 

K(w+3)(B—2)¢=(B-2+k'/w?)do/dt. 

Now k’/w? is very small, and can be neglected,* in comparison 
with B—z. 

. (B—2)do/dt=K(B—2)(w+3) =, 
w 


, wee . Kkdt, 
o+3 
.. o—3 log.(w +3) = Kk't + const. 

As before, when t=, c=, and w=(P+32)+Q)/2(B-—2), 
where P and Q have the same meaning as before. 

Elimination of the constant term then leads to the equation: 

w — 6°9078 log(w + 3) —S + 6°9078 log(S +3) = Kk/(t —t)), 

where S has the same meaning as before. 

The results of various experiments are given in the following 
tables. &, represents constants of the first order, and will be 
referred to later. 


VII. 0°2KI, 0°025I,, 0°05NaBz. c=100. 


90 120 150 180 210 240 
12:00 1540 1870 21:50 2420 26-40 
105 108 111 111 112 111 
57 57 57 56 55 53 


VIII. 0°0533KI1, 0°0066I,, 0°0133NaBz. c=20. 


40 46 50 56 60 70 80 90 

268 3:06 3:30 363 3:84 444 5-00 5-40 

302 312 315 317 313 328 = 338 331 

— 92 102 112 120 126 133 138 135 


* The equation was, in the first case, integrated without neglecting k’/w*. The 
calculated values of the constants were the same as those obtained when &’/w? is 
neglected. 
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IX. 0°04KI, 0°005I,, 0°01NaBz. c=20. 


30 60 90 120 150 180 210 
2:30 4-30 6-05 7-70 9-10 10:30 11-40 
— 373 401 445 482 518 563 
—_ 174 172 176 175 174 174 


X. 0'05KI, 0°01251,, 0°025NaBz. c=25. 


15 20 25 30 35 40 45 50 55 60 
3:70 457 540 615 690 7-60 8-33 8-93 9-53 10-13 
— 360 373 377 390 400 419 425 436 450 
— 362 361 350 353 351 355 350 347 347 


The figures given in the above tables are the mean results from 
three, eight, three, and six experiments respectively. 

The values of Xk’ are constant in VII, fairly constant in VIII, 
and increase continuously in IX and X. In VII, VIII, and IX 
the ratio of the concentration of the potassium iodide to the iodine 
is always the same, and it will be noticed that the more dilute the 
solutions are the greater is the tendency of the values of Kk’ to 
increase during the experiment. This increase is especially notice- 
able in IX, where the reaction was followed over 60 per cent. of 
its course, whereas in VII and VIII it was allowed to proceed only 
to the extent of about 25 per cent. The constants also rise con- 
tinuously in X, where the ratio of the concentrations of the 
potassium iodide to iodine is only half what it is in the other 
three experiments; the reaction was followed over 40 per cent. of 
its course. 

Comparison of the values of Kk! in the various experiments also 
shows that instead of being the same, as they should be, theoretic- 
ally, they become greater with greater dilution of the solutions 
used. This may be another example of what has been found to be 
the case in other reactions (compare Segaller, T., 1913, 103, 1154, 
for the literature), or it may, more probably, be due to the velocity 
equation not taking into account all the factors that influence 
the course of the reaction. During the reaction acid is liberated, 
but this has no catalytic effect, as was proved by experiments in 
which sulphuric acid was added to the reaction mixture. It seems 
more probable that the disturbing influence causing the constants 
to rise during the reaction is the precipitation of benzyl disulphide 
during the course of the reaction. The precipitated disulphide 
adsorbs iodine, and it is conceivable that the reaction in the 
adsorbed system may proceed more quickly than in the non- 
adsorbed. Attempts were made to test this supposition, but the 
experiments had to be discontinued, for reasons stated at the com- 
mencement of this paper, before a satisfactory conclusion could be 
reached. To obtain comparable results, the benzyl disulphide 

VOL, CV. 4 F 


1150 PRICE AND JAQUES: THE REACTION BETWEEN SODIUM 


should be added to the reaction mixture in approximately the same 
state of division as that which it has when it is precipitated during 
the course of the reaction. This can only be done satisfactorily by 
adding an alcoholic solution of the disulphide to the reaction 
mixture; alcohol is thereby added to the medium, and, as has 
already been mentioned, the velocity in aqueous-alcoholic solutions 
is very much smaller than in aqueous solutions. In one experi- 
ment which was tried there was a slight acceleration at the com- 
mencement of the reaction, even in the presence of alcohol, but it 
was not very marked. 

If finely powdered, dry benzyl disulphide is added to the reaction 
mixture, its. surface is in quite a different condition from that of 
the disulphide, as it precipitates during the course of the reaction, 
so that absolutely trustworthy results cannot be obtained. In the 
following experiment the benzyl disulphide was precipitated from 
alcoholic solution by pouring into water, collected, washed, and 
dried, before being added to the reaction mixture. A blank ex- 
periment was made at the same time, the measurements being 
carried out at room temperature. 

0°08KI, 0°01I,, 0°02NaBz. 

The reaction mixture was run into a known excess of thio- 
sulphate solution, the excess then being titrated with standard 
iodine solution, the number of c.c. used being given by 2; 2’ is the 
titre for the same solution in the presence of benzyl disulphide, 
1 gram of which was added to 20 c.c. of the reaction mixture: 


GB scvcccccecceeee 60 120 180 

Bo cerescssecceses 4-27 6-50 9-10 

f ensascccesens . 7-00 10-90 

The results seem to indicate that there is an acceleration due to 

the benzyl disulphide, but we should not like to bind ourselves to 
that conclusion without further experiment. 

The fact that the constants have different values in the different 
experiments may also be accounted for on the assumption that it 
is the anion only of the sodium benzylthiosulphate which enters 
into reaction with the iodine. In the velocity equation deduced, no 
account has been taken of the dissociation of the various compounds 
present in solution ; indeed, the reaction mixture is so complex that 
it would be a somewhat difficult proposition to do so, and would 
entail an extended series of experiments the utility of which would 
be somewhat doubtful. The consideration of this effect is compli- 
cated by the fact that sodium benzylthiosulphate was, unfortu- 
nately, used in the experiments instead of the potassium salt. 
However, potassium iodide is always present in considerable excess 
in the reaction mixture, even if the (unwarrantable) assumption is 
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made that the sodium benzylthiosulphate is completely transformed 
into the potassium salt in the solution. This excess of potassium 
iodide would tend to suppress the dissociation of the potassium 
benzylthiosulphate, the dissociation being suppressed to the greatest 
extent in the more concentrated solution, especially when one takes 
into account the fact that the amount of the potassium iodide 
varied with that of the sodium benzylthiosulphate, and was not 
kept constant in the various solutions. The concentration of the 
benzylthiosulphate anion would thus be relatively greater in the 
dilute than in the concentrated solutions, and the variation of the 
constants would thus be explained. This would account for the 
fact that in X, where the concentration of the potassium iodide is 
only twice that of the sodium benzylthiosulphate, the constants are 
greater than in VIII, where the ratio of these concentrations is 4, 
although the latter solution is more dilute with respect to sodium 
benzylthiosulphate. Similar reasoning would explain why the value 
of k, in III is greater than in II, although the concentration of 
the sodium benzylthiosulphate is the same in the two solutions. 

Mechanism of the Reaction.—In the tables VII—X, the values 
of k, calculated according to a reaction of the first order are given, 
and it will be noticed that they are fairly constant in each experi- 
ment; in fact, the more the values of Xk’ rise, the more constant 
become the values of k,. It might at first sight be supposed that 
the reaction is really one of the first order, one of the components 
undergoing some change at a definite rate, the product then being 
acted on by the other component with great velocity. However, 
the experiments with either component in excess invalidate this 
conclusion, and show that the reaction is really bimolecular. That 
such satisfactory results were obtained with either of the com- 
ponents in excess, as compared with those when the components 
were present in equivalent molecular proportions, is only another 
instance of the fact that disturbing factors are eliminated to a 
great extent by this method of experiment. 

Since the reaction is bimolecular, it is probable that the first 
stage i in the reaction, and the one of which the velocity is measured, 
is the combination of a molecule of iodine with a molecule of sodium 
benzylthiosulphate, union taking place at the unsaturated sulphur 
atom, in accordance with the equation: 

C,H,;°CH,°S°SO,°ONa + I,=C,H,;°CH,°SI,°SO,"ONa. 
This kind of reaction is comparable with that which is known to 
occur between organic sulphides and chlorine, bromine or iodine 
(compare Fromm and Raiziss, Annalen, 1910, 874, 90; Fromm, 
tbid., 1913, $96, 75). The compound thus produced is then decom- 
posed very quickly, with the formation of benzyl disulphide, sodium 
4F2 
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hydrogen sulphate, and hydriodic acid. It is possible to formulate 
a scheme showing in what way this reaction could take place, but 
experimental evidence being wanting, there does not seem to be 
much value in doing so. 


CHEMICAL DEPARTMENT, 
TECHNICAL SCHOOL, 
BIRMINGHAM. 


CX.—Synthesis of dl-Tyrosine and dl-3 : 4-Dihydroxy- 
phenylalanine. 


By Henry STEPHEN and CHARLES WEIZMANN. 


SORENSEN (Zeitsch. physiol. Chem., 1905, 44, 448) has worked out 
a general method for obtaining a-amino-acids by condensing ethyl 
phthaliminomalonate with alkyl halogen compounds, and he has 
prepared, in particular, phenylalanine by using benzyl chloride. 

The authors have applied the above method to the synthesis of 
dityrosine and dl-3 : 4-dihydroxyphenylalanine by condensing ethyl 
phthaliminomalonate with p»methoxybenzyl bromide and piperony]l 
bromide respectively. 

Tyrosine is formed directly by heating the condensation product 
with hydrochloric acid in a sealed tube. In the second case the 
best results were obtained by decomposing the phthalamic acid 
formed by hydrolysis of the ethyl phthaliminopiperonylmalonate 
with hydrochloric or hydrobromic acid in acetic acid solution. The 
dl-3 : 4-dihydroxyphenylalanine was found to be unstable in neutral 
or alkaline solutions, giving in ordinary circumstances a black pig- 
ment, as stated by Funk (T., 1911, 99, 554). We found, however, 
that the melting point of the amino-acid was 295°, with preliminary 
decomposition at 281° (Funk gives 263—272°). 


EXPERIMENTAL. 


Ethyl Phthalimino-p-methozybenzylmalonate, 
COX, . 
OpH << og >N *C(CH,"C,H,OMe)(CO, Et),. 


30°5 Grams (1 mol.) of ethyl phthaliminomalonate were dissolved 
in alcohol and added slowly to a solution of 3°9 grams of potassium 
in absolute alcohol. The bright yellow paste of the potassium com- 
pound was freed from alcohol by heating the mixture in an oil- 
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bath at 110° under diminished pressure, and the final traces of 
alcohol were removed by shaking the yellow cake with dry xylene 
and removing this by distillation as before, the operation being 
repeated two or three times. 

20°1 Grams (1 mol.) of anisyl bromide (b. p. 110°/10 mm.), pre- 
pared by treating p-methoxybenzyl alcohol with hydrobromic acid 
in the cold, or with phosphorus pentabromide in dry ethereal solu- 
tion (compare Tiffeneau, Bull. Soc. chim., 1911, [iv], 9, 826), were 
dissolved in xylene and added to the potassium compound prepared 
above. The xylene suspension was then heated at 145° for four 
hours in an oil-bath. 

The product was poured into water, and the xylene layer 
separated, washed several times with dilute potassium hydroxide 
solution, and finally with water, dried, and the xylene removed by 
distillation under diminished pressure. The residue, an oil, was 
dissolved in ethyl alcohol, from which the condensation product 
crystallised; on recrystallisation from a mixture of benzene and 
light petroleum, colourless, rhombic prisms were obtained, melting 


at 83°: 
0°2074 gave 0°4786 CO, and 0°1010 H,O. C=64'4; H=5°4. 
C,,H,,0,N requires C=64'8; H=5'4 per cent. 


The hydrolysis of the condensation product just described was 
effected in two ways, namely, (a) according to the method described 
by Sérensen and Andersen (Zeitsch. physiol. Chem., 1908, 56, 266), 
and (0) with concentrated hydrochloric acid in a sealed tube at 
175° for two hours, which gives the hydrochloride of tyrosine at 


once. 


Phthalamino-p-methoxrybenzylmalonic Acid, 
CO,H-C,H,-CO-NH-C(CH,°C,H,-OMe)(CO,H).. 

Ten grams of the condensation product were dissolved in ethyl 
alcohol, and 18 grams of crystallised barium oxide dissolved in hot 
water were added, the mixture being boiled on the steam-bath for 
one hour. The alcohol was then removed in a current of steam, 
and the residue filtered while hot, the barium salt being washed 
several times with hot water. The salt was dried, finely powdered, 
and digested with cold dilute hydrochloric acid. The free acid thus 
obtained was filtered from barium chloride in solution, boiled with 
water until free from barium chloride, and finally crystallised from 
acetic acid, from which it separated in small, colourless needles, 
melting and decomposing at 210°: 

0°1233 gave 0°2649 CO, and 0°0466 H,O. C=586; H=4°2. 

C,)H,,0,N requires C=58°88; H=4°'4 per cent. 
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The phthalamino-compound described above was dissolved in 
glacial acetic acid, and the solution treated with concentrated 
hydrochloric acid, and warmed on the steam-bath for three hours, 
further quantities of hydrochloric acid being added from time to 
time. The solution was afterwards diluted with water, and, when 
cold, a large part of the phthalic acid formed had separated, and 
the remaining portion was removed by extracting several times 
with ether. The aqueous solution was then decolorised by boiling 
with animal charcoal, and afterwards evaporated under diminished 
pressure. The hydrochloride of the base was dissolved in water and 
neutralised with ammonia, when tyrosine was obtained, which 
crystallised from hot water and possessed all the properties of the 
synthetic substance. 


Ethyl Phthaliminomperonylmalonate, 
CoH <p> N*C(CHy*CH, <p >CH,)(CO,Et),. 


This was obtained similarly by condensing piperonyl bromide 
and ethyl phthaliminomalonate. After recrystallisation from 
benzene and light petroleum, it melted at 89°. This substance was 
hydrolysed according to method (#) described above: 

0°2128 gave 0°4876 CO, and 0°0878 H,O. C=62°5; H=4°6. 
C,3;H,,O,N requires C=62°8; H=4'7 per cent. 


Phthalaminoyiperonylmalonic Acid, 
C0, H-C,H,-CO-NH-C(CH,-C,H,<p>CH,)(00,H),. 


This acid was obtained by hydrolysis of the above ester with 
barium hydroxide ; it crystallises from acetic acid in small, colour- 
less needles, melting and decomposing at 234—236°: 

0°1632 gave 0°3383 CO, and 0°0514 H,O. C=56'55; H=3°7. 

0°2131 ,, 6:4 c¢.c. N, (moist) at 15° and 764 mm. N=3°5. 

C,,H,,O,N requires C=56°85; H=3'7; N=3°47 per cent. 

The above acid on treatment with hydrochloric or hydrobromic 
acid in acetic acid solution, as already described, gave the hydro- 
chloride or hydrobromide of 3: 4-dihydroxyphenylalanine, which 
crystallised from methyl alcohol in colourless, thin plates, melting 
and decomposing at 246° and 212° respectively. 


Hydrochloride : 

0°1001 gave 0°1653 CO, and 0°0479 H,O. C=45°77; H=5°33. 
€:1690 ,, 01016 AgCl. Cl=14°77. 

C,H,,0,N,HCl requires C=46°25; H=5°14; Cl=14°7 per cent. 
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Hydrobromide : 


0°1404 gave 0°0936 AgBr. Br=28°4. 
C,H,,0,N,HBr requires Br=28°70 per cent. 


The above salfs, on treatment with ammonia sufficient for 
neutralisation, gradually became dark; the change was more rapid 
in alkaline solution or on boiling with water; it was thus found 
impossible to obtain a pure sample of the dihydroxyphenylalanine, 
owing to the oxidation in neutral or alkaline solutions. The best 
sample was obtained by allowing a hot aqueous solution to cool in 
a vacuum; the substance separated in pale brown flakes, which 
began to decompose at 281°, and melted and decomposed completely 
at 295°: 

0°1608 gave 0°3244 CO, and 0°0764 H,O. C=54°30; H=5'25. 

C,H,,0,N requires C=55°10; H=5°20 per cent. 


THE UNIVERSITY, 
MANCHESTER. 


CXI—The Action of Sulphuric Acid on Para- 
formaldehyde. 


By Joun Gunnine Moorre Dun op. 


Pratesi (Gazzetta, 1885, 14, 139) obtained a-trioxymethylene by 
heating paraformaldehyde in sealed tubes at 115° with small quanti- 
ties of concentrated sulphuric acid. Kraut (Annalen, 1890, 285, 
95), and also Auerbach and Barschall (Arbeit Kais. Geswnd. Amt., 
1907, 27, 183), could not prepare a-trioxymethylene in this way, 
but did not study the reaction further. 

On repeating Pratesi’s work, using a bent tube, with the cool 
end immersed in cold water, a mobile liquid was obtained, but no 
a-trioxymethylene could be found. A considerable amount of 
carbon monoxide was also produced. 

The same products were also obtained by heating paraform- 
aldehyde (100 parts) with concentrated sulphuric acid (8 parts) in 
a straight tube for twenty-four to thirty-six hours at 115—120°, the 
mass being converted into a brown, or colourless, liquid, which was 
then fractionally distilled. 

On distillation the liquid separated into methyl formate (20—22 
parts), boiling at 33°, and a less volatile fraction (25—30 parts), 
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which boiled at 90—100°. The residue in the distilling flask con- 
sisted of a black tar, from which some unchanged paraformaldehyde 
could be distilled. The use of a larger quantity of sulphuric acid 
led to charring, whilst if a smaller proportion was taken, part of 
the paraformaldehyde remained unchanged in the tube. 

The fraction boiling at 90—100° had no fixed boiling point, had 
a strong odour of formaldehyde, and was soluble in water or 
alcohol, but sparingly so in benzene. Analyses and vapour-density 
determinations did not give concordant results, and yielded no clue 
to its components. On redistillation a little paraformaldehyde was 
deposited from the fractions of higher boiling point. 

On saturating the liquid with hydrogen chloride, it separated into 
two layers, the lighter of which proved to be chloromethyl ether, 
CH,°O°CH,Cl. It thus appeared that the liquid boiling at 
90—100° closely resembled the product which Reychler obtained 
(Bull. Soc. chim., 1907, [iv], 1, 1189) on dissolving paraform- 
aldehyde in methyl] alcohol containing a trace of sodium methoxide. 
The addition of a little water to the material obtained by Reychler’s 
method yielded a product apparently identical with the liquid boil- 
ing at 90—100° described above. 

As Reychler has shown (/oc. cit.) that the liquid product con- 
tains hydroxymethyl ether and somewhat indefinite compounds of 
the type CH,;°O-[CH,°O},,°CH,*OH, produced by the condensation 
of methyl alcohol with paraformaldehyde, it would seem that 
methyl alcohol is produced during the action of sulphuric acid on 
paraformaldehyde. The absence of methyl alcohol and of its 
simple derivatives from the original paraformaldehyde was proved 
by saturating the latter with hydrogen chloride; no chloromethyl 
ether was formed. The methyl alcohol necessary for the produc- 
tion of the liquid boiling at 90—100° must therefore result from 
the decomposition of part of the methyl formate into the alcohol, 
carbon monoxide, and water, the methyl formate, in turn, being 
produced by the condensation of two molecules of formaldehyde. 

The yield of methyl formate was fairly constant, and identical 
results were obtained with various samples of commercial paraform- 
aldehyde. Attempts to obtain ethyl acetate in a similar manner 
from paracetaldehyde were unsuccessful. 

When zinc chloride was substituted for the sulphuric acid, very 
great pressure was developed in the tube, and a large yield of 
methyl formate was obtained. In this case, however, none of the 
liquid of higher boiling point was formed. 

Litterschied and Thimme (A nnalen, 1904, 334, 1) used trimethyl- 
amine to identify chloromethyl ether. The author, endeavour- 
ing to find a more convenient base for this purpose, treated 
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dimethylaniline with chloromethyl ether. Colourless crystals were 
obtained, which melted at 227°. These proved, however, to be, not 
the expected quaternary salt, but the hydrochloride of tetramethyl- 
p-diaminodiphenylmethane, CH,(C,H,°N Me,).,2HCIl. 


UNIversiry CHEMICAL LABORATORY, 
CAMBRIDGE. 


CXII.—An Extremely Delicate Colorimetric Method 
for Detecting and Kstimating Nitrates and 
Nitrites. 


By Epmunp Ausert Letts and FLorence WiLLiaMson Rea. 


Ir is well known that diphenylamine dissolved in sulphuric acid 
is a delicate reagent for detecting nitrates and nitrites, a deep 
blue colour being produced. 

First discovered by Merz and Weith (Ber., 1872, 5, 283), this 
reagent was employed by E. Kopp (ibid., 284) for determining 
nitrous acid “in commercial vitriol. 

It occurred to one of us some time ago to make more exact ex- 
periments on the details of the method, especially as regards the 
strength of the diphenylamine solution to be employed, and the 
quantity of sulphuric acid, etc., to be used along with the dipheny]l- 
amine solution, with a view to ascertain whether the test could be 
developed into a method, not only for detecting, but also for 
estimating, nitrates and nitrites. 

It was soon found that a very weak solution of diphenylamine 
in sulphuric acid gave the best results, and not being aware at the 
time of the strength of the solution employed by Kopp, one four 
times as strong was used, namely, 0°4 gram per litre. 

With this solution, a thousandth of a milligram of “nitric” 
nitrogen was readily detected. On attempting to develop the 
method for quantitative purposes by using different proportions of 
“nitric” nitrogen, as, for example, one-, two-, and three 
thousandths of a milligram each in 1 c.c. of water plus 1 c.c. of 
concentrated sulphuric acid, and the same volume of the acid 
diphenylamine reagent, the results were found to vary from a 
regular gradation of blue tint to one which was quite irregular, 
and all attempts to modify the conditions of the experiment failed 
to secure anything like uniformity in the results obtained. 

At this time our attention was directed to a paper by Kehr- 
mann and Micewitz (Ber., 1912, 45, 2641), in which the view is 
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expressed that the action of oxidising agents occurs in three distinct 
stages, giving, first, tetraphenylhydrazine, which by rearrangement 
changes into diphenylbenzidine, the latter being finally oxidised 
in the presence of concentrated sulphuric acid to an imonium deriv- 
ative, thus: 

(1) 2(C,H,-NH-C,H;) — 2H =(C,H;).N-N(C,H;)>. 

(2) (C,H;).N-N(C,H;).=C,H;*NH-C,H,°C,H,-NH-C,H,;. 

(3) C,H,;-NH-C,H,-C,H,-NH-C,H,; —2H + H,SO,= 

C,H;°N:C,H,:C,H,:NH(C,H;)°O-SO,H. 

If this is the course of the reaction, it would seem quite possible 
that under certain conditions colourless diphenylbenzidine is alone 
produced by the action of an oxidising agent on diphenylamine, 
whilst under others the coloured imonium salt is formed. In any 
case, it seemed probable that diphenylbenzidine would be a more 
suitable reagent than diphenylamine. 

A quantity of the former was therefore prepared, at first accord- 
ing to the directions given in Kehrmann and Micewitz’s paper, but 
later by a method described by Wieland (Ber., 1913, 46, 3300), 
and was recrystallised from boiling toluene until of correct melting 
point (242°). 


The solution of this finally employed was prepared by dissolving 
0°01 gram in 50 c.c. of pure sulphuric acid. It may be here re- 
marked that this solution gradually becomes blue, and should not 
be kept for more than a week. 


Detection and Estimation of Nitrates. 


For detecting nitrates (and nitrites also) it suffices to mix 
0°5 c.c. of the solution to be examined with 1°3 c.c. of pure sulphuric 
acid in a small porcelain crucible, and, after mixing with a glass 
rod, to add 0°5 c.c. of the diphenylbenzidine solution, when a blue 
colour indicates either form of oxidised nitrogen. 

For determining nitrates, various experiments were tried to ascer- 
tain the most suitable conditions of experiment, the quantities of 
reagents, etc., and it was found that the intensity of blue colour 
depended on: 

(1) The temperature, the colour being much deeper if the mixture 
of nitrate, sulphuric acid, and diphenylbenzidine solution is heated 
in a water-oven than at the ordinary temperature. 

(2) The time that elapses after mixing the nitrate with the 
other agents; thus the colour after an hour (at the ordinary 
temperature) is much deeper than after ten minutes. 

(3) The proportions of the original nitrate solution and the 
reagents, namely, sulphuric acid and diphenylbenzidine solution. 
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In order to secure, so far as possible, uniformity of temperature, 
it is necessary that the same volumes of the nitrate solution, 
sulphuric acid and the acid solution of diphenylbenzidine, should 
be taken in each case, and eventually the following proportions of 
the three were employed : 

0°5 C.c. of the solution to be tested (or smaller quantities made 
up to this volume if the original solution is too strong), 1°2 c.c. of 
pure sulphuric acid, and 0°3 c.c. of the acid solution of dipheny]- 
benzidine. . 

01 C.c. of the nitrate solution to be tested is diluted to 0°5 c.c. 
with distilled water in a porcelain crucible of 20 c.c. capacity; to 
this the amount of pure sulphuric acid mentioned above is added, 
the mixture well stirred with a thin glass rod, the acid diphenyl- 
benzidine then added, and the whole again well stirred. 

After an interval of ten minutes the colour is observed, and if it 
is so dark that the bottom of the crucible cannot be seen, the 
original nitrate solution is diluted with a known volume of dis- 
tilled water until, on repeating the test with 0°1 c.c. of the diluted 
solution, a deep, sky-blue tint is obtained after an interval of ten 
minutes. 

Six porcelain crucibles, each of 20 c.c. capacity, are next taken, 
a short, thin glass rod placed in each, and, to secure uniformity 
of temperature, all are placed in cold water, most conveniently, in 
our experience, contained in a half-plate photographic dish. 

Three of the crucibles are employed for gradually increasing 
quantities of the solution of nitrate of known strength, namely, 
01, 0°2, and 0°3 c.c., which we have found to be best equivalent 
to 0°0005 milligram of “nitric” nitrogen per c.c.* The contents 
of each three crucibles are then made up to 0°5 c.c. with distilled 
water. 

In the other three crucibles the same quantities of the nitrate 
of unknown strength are placed (the original solution having been 
diluted, if necessary, as described above). These are also diluted 
with distilled water, each to 0°5 c.c. 

The quantities of sulphuric acid and diphenylbenzidine solution 
mentioned above are then added to the contents of each crucible 
drop by drop and with constant stirring, the acid first and then, 
after an interval for cooling, the diphenylbenzidine. 

Lastly, observations of the resulting colours are made at the end 
of ten minutes, the crucibles with their contents being then placed 
in a desiccator, and the colours examined after intervals of half 
an hour and an hour. 


* Most readily prepared by dissolving 0°361 gram of pure potassium nitrate in 
1 litre of distilled water, and diluting the solution 100 times as required. 
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The amount of nitrate is then estimated in the solution of un- 
known strength from the correspondence in colour between that of 
one of the known mixtures with that of one of the unknown. Thus, 
supposing that the colour of the mixture containing 0°2 c.c. of the 
nitrate of known strength corresponds with that containing 0°1 c.c. 
of the nitrate of unknown strength, it is obvious that the latter is 
twice as strong as the former, etc. 

In order to test the method, various dilutions were made of a 
solution of potassium nitrate of known ‘strength, and these were 
handed over to the actual experimenter without any other informa- 
tion than that they were dilutions of a certain solution. 

Before giving the results, it should be mentioned that in the 
first of the following series (A) somewhat different proportions of 
sulphuric acid and the diphenylbenzidine solution were used from 
those mentioned above, namely, 1°5 c.c. of the first and 0°5 c.c. 
of the second, and the crucibles were not cooled in water; also the 
solution of nitrate of known strength was stronger, namely, 1 c.c.= 
0°0007 milligram of “nitric” nitrogen. 

We have also found it safer, supposing, say, 1 c.c. of the unknown 
solution gives the same depth of colour as, say, 0°2 c.c. of the 
nitrate of known strength, to dilute the former until, on repeating 
the test, the same depth of colour is obtained with the correspond- 
ing pairs of the known and unknown mixtures. 

It need scarcely be mentioned that the larger the amount of 
“nitric” nitrogen present, and, as a consequence, the greater the 
dilution necessary before applying the test, so much the greater is 


Original solution 
Correspondence in colour. contained 
Dilution C.c. unknown solution (U) nitrogen. 
required. corresponded with Parts per Found 
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the error, and, as a further consequence of this, the method would 
appear most suitable for determining nitrates in very weak solu- 
tions, say, up to 1 part of “nitric” nitrogen per 100,000, which 
would require a dilution of twenty times in order that 0°1 c.c., when 
treated with diphenylbenzidine, etc., should give the same depth of 
colour as 0°1 c.c. of the standard nitrate solution. 


Estimation of Nitrates when Mized with Nitrites. 


We have satisfied ourselves by actual experiment that nitrites 
may be quantitatively converted into nitrates, and estimated as 
described above. 

A solution of sodium nitrite of known strength (1 cc= 
0°0005 gram of nitrogen) was run into 10 c.c. WV /10-permanganate 
solution diluted to about 300 c.c. with distilled water, acidulated 
with sulphuric acid, and heated to 40° until the pink colour dis- 
appeared. The amount of nitrite required corresponded with 
0°0348 gram of sodium nitrite (as calculated from the permanganate 
required), whilst the amount of solution actually contained 0°0345 
gram of the salt as weighed out. The solution of the nitrate result- 
ing from the oxidation of the nitrite was then diluted so that 
1 c.c. corresponded with 0°0005 milligram of “nitric” nitrogen, 
and compared with the solution of potassium nitrate of correspond- 
ing strength with the diphenylbenzidine test, when the colours 
obtained with 0°1, 0°2, and 0°3 c.c. of the two were practically the 
same. 

Supposing that both the “nitrous” and “ nitric” nitrogen have 
to be estimated in a mixture of the two, the “nitrous” nitrogen 
may be estimated as described above, and its amount subsequently 
deducted from the total “nitric” nitrogen found in the oxidised 
mixture by the diphenylbenzidine test. 

Since writing the above, our attention has been directed to a 
paper by Marqueyrol and Muraour (Bull. Soc. chim., 1914, [iv], 9, 
186), at the end of which the suggestion is made that diphenyl- 
benzidine might be substituted with advantage for diphenylamine 
when testing for oxidising agents, such as nitrites, but only the 
suggestion is made, and no details of any such method are given. 

We may also add that the greater part of the work in connexion 
with our own paper was done in 1913, but we postponed publishing 
until all details of the method had been carefully worked out. 


? 
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ANNUAL GENERAL MEETING, 


Marcx 267TH, 1914. 


Prof. W. H. Perxin, LL.D., F.R.S., President, in the Chair. 


Dr. M. O. Forster drew attention to an article signed by Pro- 
fessor H. E. Armstrong, appearing in the Chemical World for 
March, 1914, and asked the President the following question: 


“What action have the Council taken or do they propose 
taking to defend one of their salaried officials from an imputa- 
tion of inefficiency uttered in a public journal by a Vice- 
President who has filled the office of President?” 


The PresipEnT, in reply, stated that the matter had received 
the earnest attention of the Council, who had passed the following 
Resolution : 


“That the Council of the Chemical Society emphatically 
repudiates the uncalled-for remarks made by Professor Arm- 
strong in an article in the March, 1914, number of the 
Chemical World which appear to imply literary incompetence 
on the part of the Editor of the Society’s Publications, and 
offers to Dr. Cain an expression of its continued confidence in 
and appreciation of his work as Editor.” 


and that a copy of this Resolution had been sent to Professor H. E. 
Armstrong, Dr. J. C. Cain, and also to the Editor of the Chemical 
World, asking him to insert the Resolution in a prominent position 
in the next number of that journal. 
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Dr. G. D. Lanner and Dr. F. L. Pyman were appointed 
Scrutators, and the ballot was opened for the election of Officers 
and Council for the ensuing year. 


The Report of the Council on the Progress of the Society during 
the past year was presented, and the Treasurer made a statement 
as to the income and expenditure. The adoption of the Report 
of Council, together with the Balance Sheet and Statement of 
Accounts for the year ended December 31st, 1913, was proposed by 
Dr. N. V. Sipewick, seconded by Dr. R. H. Pickarp, and carried 
unanimously. 


A vote of thanks to the Auditors was proposed by the 
TREASURER and acknowledged by Dr. S. RipEAt. 


Report or Councix, 1913—1914. 


Tue Council are gratified to be able to report that the member- 
ship of the Society has continued to expand during the past year. 
On December 3lst, 1912, the number of Fellows was 3,158. 
During 1913, 164 Fellows were elected, and 2 have been reinstated, 
making the gross total of 3,324. The Society has lost 26 Fellows 
by death, 40 Fellows have resigned, the elections of 7 Fellows and 
1 reinstatement have become void, and 49 Fellows have been 
removed for non-payment of annual subscriptions. 

The total number of Fellows, therefore, on December 31st, 1913, 
was 3,201, showing an increase of 43 over that of the preceding 
year. On comparing these figures with those given in the previous 
Report of Council, it will be noticed that the number of elections 
in 1913 has dropped to the average for the previous six years. 
The resignations received in 1913 are less by 12 than in the 
previous year, whilst the number of Fellows removed for non- 
payment of annual subscriptions still continues very high, notwith- 
standing the latitude allowed by the Council. 

The names of the deceased Fellows, with date of election, are: 


Gustavus Anthony Abrines Angelo Cantin (1900). 


(1890). Arthur Crozier Claudet (1902). 
Matthew Algernon Adams Tom Crossman (1895). 

(1877). James Tudor Cundall (1887). 
Edward Louis Barret (1869). Joseph Davidson (1876). 
J. Carter Bell (1865). Leopold Mandeville Deane 
William Popplewell Bloxam (1886). 


(1883). Frank Standish Findon (1905). 
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Leonard Clifford Green (1908). Isaac Patchett (1870). 

Sir Walter Noel Hartley Thomas Ebenezer Pye (1906). 
(1866). Mathura Goolab Roy (1900). 

John Heron (1876). Christer Peter Sandberg (1870). 

John Hunter (1883). Walter Shelley Spencer (1887). 

Julius Lewkowitsch (1888). William Tate (1890). 

Hugh Marshall (1890). Arthur Wallace (1912). 

George Matthey (1870). 


The following Fellows have resigned : 


Maurice Barrett. Edward Towyn Jones. 

Cyril Bergtheil. James Kewley. 

Henry Charles Bond. James Kirkman King. 

John Brock. William Albert Knight. 

William Arthur Caldecott. Alfred Tabois Larter. 

George Clayton. Arthur Stanley Lindley. 

Alfred Bertram Coles. Robert Drysdale MacKechnie. 

Harry Dunlop. William Rest Mummery. 

Percy Elford. Henry John Palmer. 

Charles Albert Fawsitt. John Lawrence Robinson Past- 

James Edward Ferguson. field. 

Hans Eduard Fierz. Richard Pribram. 

John Thomas Furnell. Isaac Sydney Scarf. 

William Hunter Gandy. Harold Victor Taylor. 

Charles Maurice Walter Grieb. Everard Cecil Van Essen. 

James Gordon Hardy. Norbert Van Laer. 

Walter Elmslie Hawkins. Percy Wharton Waters. 

Charles Theodore William James Simpson Chester Wells. 
Hirsch. Sidney Whalley. 

George Edward Holden. Herbert Goulding Williams. 

Bernard Farmborough Howard. Frederick Robert Leyland Wilson. 


The number of Honorary and Foreign Members at the end of 
1912 was 33. During 1913, Professor D. P. Konovaloff and 
Professor Alfred Werner were elected; the total number of 
Honorary and Foreign Members at the present time, therefore, 
is 35. 

In accordance with the announcement made in the Annual Report 
presented in March of last year, the following Report deals with 
the work of the Society during the period between that date and 
the present Annual General Meeting. 

The Council offers its hearty congratulations to Professor George 
Downing Liveing (elected November 21st, 1853), who has com- 
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pleted over sixty years of Fellowship, and to the following, who 
have reached their Jubilee: 


Mr. William Spiller, elected January 15th, 1863. 
John Whitfield, elected November 5th, 1863. 
Professor John Wrightson, elected February 4th, 1864. 
Mr. Henry Bassett, elected February 18th, 1864. 


During the year, 355 scientific communications were made to 
the Society; 253 of these have been published already in the 
Transactions, and abstracts of all have appeared in the Proceedings. 

The volume of Transactions for 1913 contains 2,296 pages, of 
which 2,173 are occupied by 238 memoirs, the remaining 123 pages 
being devoted to the Obituary Notices, the Ladenburg and Van’t 
Hoff Memorial Lectures, the Report of the International Committee 
on Atomic Weights, the Report of the Annual General Meeting, 
and the Presidential Address; the volume for the preceding year 
contained 266 memoirs occupying 2,431 pages. 

The Journal for 1913 contains 5,978 abstracts, which extend to 
2,520 pages, whilst the abstracts for 1912 numbered 5,497, and 
occupied 2,264 pages. 

In accordance with an announcement made at the last Annual 
Genera! Meeting, a change has been made in the arrangement of 
the abstracts, those of Physiological Chemistry and the Chemistry 
of Vegetable Physiology and Agriculture being included in Part I 
instead of in Part II, as heretofore. This has led to approximate 
equality in the size of the two parts. 


No. of pp. in No. of pp. in 
19138. 1912. 
BEB. - Svernamcsnsrcncnnntseseeses WEE “Sincacasieson 1044 
Part II (with indexes) ...... TE  seietinearens 1614 


The abstracts may be classified as follows: 


Part I. 
No. of 
Pages. Abstracts. 
Organic Chemistry .................:.:e0eeees 1,824 
Physiological Chemistry ..................... 771 


Chemistry of Vegetable Physiology and 
I anascrctishcisdisrccccconssesiees 442 
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Part II. 
No. of 
Pages. Abstracts. 
General and Physical Chemistry ......... 1,401 
Inorganic Chemistry ......................0+. 555 
Mineralogical Chemistry .................-.-. 159 
Analytical Chemistry ...................:605 826 
1,088 2,941 
Total in Parts I. and II. ............ 2,520 5,978 


Following the proposal made by the Deutsche Physikalische 
Gesellschaft, the Council have decided to request authors to insert 
either their University, Laboratory, or private address at the end 
of all papers appearing in the Transactions. It is hoped that by 
this means communication between authors of papers in various 
journals will be facilitated. 

During the past year, advantages have been offered to Fellows 
of the Society by the reduction in price of certain publications. 
Arrangements have been made by which Fellows can obtain Vol. I. 
of the Literatur Register, by R. Stelzner, at the reduced price of 
£3 10s. (original price, £4 4s.), provided that not less than twenty 
copies of the work be purchased by Fellows. Application for this 
volume should be addressed to the Honorary Secretaries. Fellows 
will also be able to purchase the forthcoming Vol. III of the 
International Tables of Physical Constants and Numerical Data 
at the reduced prices of 19s. 3d. (unbound) or £1 2s. 3d. (bound). 

Vol. V of the Collective Index of the Journal and Proceedings 
of the Chemical Society (1903—1912) has been issued during the 
year, Part I (Author Index) appearing in May and Part II (Sub- 
ject Index) in December. The price of this volume is now £2 to 
Fellows and £2 10s. to the public. 

The Council have decided to offer the Jubilee Volume (giving a 
history of the Society from 1841 to 1891), which was published at 
6s., at the reduced price of half-a-crown, and also to dispose of a 
few bound sets of the Journal of the Chemical Society, from 1871 
to 1900 inclusive (published at £47 10s.), at £20 for the series. 

The attention of Fellows is directed to the appearance of a 
French translation of Vol. IX of the Annual Reports. Permission 
was granted to the Director of the Laboratoire Municipal de Paris 
for the production of this translation; it was published by Messrs. 
Hermann et Fils in October last at the price of Fr. 7.50. 

An intimation has been received from the Faraday Society that 
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this body is prepared to consider the election to membership of a 
certain number of Fellows of the Chemical Society without payment 
of an entrance fee. 

The Transactions for 1913 contain obituary notices of Paul 
Emile Lecoq de Boisbaudran, Edward Divers, Humphrey Owen 
Jones, John William Mallet, Henry de Mosenthal, Benjamin 
Edward Reina Newlands, John Pattinson, Arthur Richardson, 
John Wade, and William Ord Wootton, who died during 1912, 
and the Council desire to express their indebtedness to the Fellows 
who wrote these notices. 

The Council also wish to record their thanks to those Fellows who 
contributed to Vol. X of the Annual Reports. 

During the past year, the Society has been privileged to listen 
to Memorial Lectures on Jacobus Henricus van’t Hoff, delivered 
by Professor James Walker, and Albert Ladenburg, delivered by 
Professor F. Stanley Kipping. In the last Report of Council it 
was stated that when these two Lectures had been delivered the 
Council would publish Vol. II of the Memorial Lectures. This 
volume has now been issued (price 6s.), and can be obtained from 
the Publishers or from the Assistant Secretary. 

The Council have under consideration the desirability of re- 
issuing Vol. I of the Memorial Lectures (now out of print). To 
assist them in arriving at a decision in the matter, a circular was 
issued with Proceedings No. 423 inviting those Fellows who would 
be willing to purchase Vol. I (price 10s. 6d.) to notify the Assistant 
Secretary. 

The Council are pleased to announce that the Faraday Lecture 
is to be delivered by Professor Svante August Arrhenius, F.R.S., 
on Monday, May 25th, 1914, at 6 p.m., in the Theatre of the 
Royal Institution (by the courtesy of the Managers). The title of 
the Lecture is “Electrolytic Dissociation.” 

To meet the convenience of Fellows, the Council decided that a 
list of the papers to be read at each Ordinary Scientific Meeting 
of the Society should be advertised in the Morning Post on the 
Wednesday previous to the day of meeting. This list of papers 
appears on the front page, at the top of the extreme right-hand 
column. 

The stock of apparatus and reagents for the use of Fellows 
making experiments at the meetings of the Society has been 
replenished. A list of such apparatus and reagents can be obtained 
from the Assistant Secretary. 

In order to afford Fellows an opportunity of meeting informally, 
the Rooms of the Society were open on the evening of January 
15th, 1914, when the President and Council were present to receive 
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the Fellows. The Council have decided to provide for a similar 
meeting on Thursday, April 30th, from 8 to 10 p.m. 

The Anniversary Dinner of the Society was held at the White- 
hall Rooms, Hétel Métropole, on March 14th, 1913, Professor Percy 
F. Frankland, the retiring President, occupying the Chair. An 
abbreviated account of the speeches made, together with a list of 
the names of the Fellows and their guests who were present, appears 
in the Proceedings, p. 94. 

It is with very great pleasure that the Council have to report 
that a bust of the Right Honourable Sir Henry Enfield Roscoe, by 
Mr. Alfred Drury, R.A., has been presented to the Society by the 
friends and former students of Sir Henry Roscoe. The presenta- 
tion was made before a distinguished company in the Rooms of 
the Society on November 20th, and the bust now adorns the 
Library. 

The meeting of the International Association of Chemical 
Societies was held in Brussels instead of in London, as previously 
arranged, in September, the Society being represented by Sir 
William Ramsay, K.C.B., Professor Percy F. Frankland, and Pro- 
fessor Arthur W. Crossley. An abbreviated report of the meeting 
appears in the Proceedings, p. 325. Thanks to the generosity of 
M. Ernest Solvay, the Association is now endowed with a sum of 
Frs. 250,000, in addition to a yearly income of Frs. 37,500 for 
twenty-eight years, and a site for offices in Brussels. 

To celebrate the centenary of the birth of Sir John Bennett 
Lawes in 1814, and of Sir Henry Gilbert in 1817, it is proposed 
to erect a Commemoration Laboratory at Rothamsted. Fellows 
have been invited to respond to the appeal which is being made to 
raise £6,000, this being half the total amount required for the 
memorial, the other half having been promised in the form of a 
grant. 

Mention was made in the last Report of Council that the sum 
of £65 4s. had been subscribed by the Fellows of the Chemical 
Society towards the van’t Hoff Memorial. In April, 1913, the total 
sum of Fl. 56,000 had been received by the Committee, and a state 
ment with reference to the disposal of this fund is given in the 
Proceedings, p. 167. 

The Council have decided to make a further contribution of £10 
to assist the International Commission to prepare the fourth 
volume of the International Tables of Constants and Numerical 
Data. 

The number of books borrowed from the Library during the year 
1913 was 1,730, as against 1,825 the previous year; of these, 546 
were issued by post, as against 491 in the preceding year. 
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INCOME AND EXPENDITURE ACCOUNT 


Income. 
£2d & 2.4. 
pO ee ee ee ee eee ee 297 0 0 
ee Cm me 640 0 0 
», Annual Subscriptions— 
Received in advance, on account of 19138... 2. ck cee eee vee eee S800 OO 
- during 1913 se a aa eee ee ce oe, ee ee 
a =” ie x Ec ce Sees, ee es se 
os aa ss a oa 
5095 0 0 
Less amount included in last year’s Income, being valuation of 
Arrears as per last a ee ee ee ee ee ee 
4745 0 0 
Add Arrears at date: 1913, £456 ; 1912, £24; 1911 and previous, £10, 
estimated to realise as per Balance Sheet ... ... 0... se. soe ve 360 0 0 
— 5105 0 0 
op Emmy Subscribers 20. nce ce coe cee cee tee cee teste eects we 410 6 
», Investments :— 
Dividends on £6730 Metropolitan Consolidated 34 per cent. Stock ... 22116 4 
ee £1050 London and North Western Railway 8 per cent. 
Debenture Stock... .. ass 2913 2 
is £1520 148. 3d. Cardiff Corporation 3 per cent. Stock ... 4219 4 
- £1400 India 24 per cent. Stock ... 8219 4 
es £2400 Bristol Corporation 2} per cent. Debenture Stock 5610 0 
on £4341 Midland Railway 24 per cent. Preference Stock 102 3 10 
ee £1200 Leeds Corporation 3 per cent. Stock _... 33 18 0 
- £1500 Transvaal 3 per cent. Guaranteed Stock, 1923/53 42 7 6 
‘ = _— British Railway 3 per cent. Debenture 
eee ese 33 18 0 
i“ e700 , 34 ‘per cent. Stock 1930/50... .. a 2 1 6 
a orm re om a ee 36 12 4 
»» Intereston Deposit Account =... 0. cee cee cee nent 2615 1 
——_- 682 14 5 
», Publication Sales :— 
EE a a ee ee 
Proceedings .. ite Ail, <Siike ese ‘ls csti iag «Sais, a 45 8 5 
Collective Index, ST cs ses: as test Gk es te ts 89 17 8 
Do. ae ee Ul 
SIRS Eg ae a OY or ee 17 6 
ID iss, ne. cad 6aa: Kes gee “tee ae mes eee See +8 
Jubilee Volumes ... ih, tn a ee ll 0 
Annual Reports on Progress ‘of Chemistry ioe. eats = “ox” tee came eng Se 
2382 2 8 
Less Publishers’ Commission ...0 00.0 6c. ee ee ee nee nee eee) 154 18 1 
——_ 2227 4 7 
», Proceeds of Senne Rss. rc a as a a ee 
Less Commission ... .. i sl ik sae ade lam! Nas te 2316 2 
238 0 4 
», Miscellaneous Receipts sie oh gun tem 22 8 
»» Honorarium for Publication of Annual Reports i in n French nt) REN aes 5 0 0 
», Subscriptions from other Societies ... ... 34 2 6 
» Balance, being Excess of —— over Income carried to Balance 
Sheet ... ... - a es a ae Se ee 237 7 7 
£9473 1 8 


I have examined the above Accounts with the Books and Vouchers of the Society, and 
and the Investments. 


28 Queen Vicroria Street, E.C. W. B. KEEN, 
March 8rd, 1914, Chartered Accountant. 
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rok THE YEAR enpep 3lst DECEMBER, 1913. 


Expenditure. 
SZ ad 
By Expenses on account of Journal and Proceedings :— 
Salary of Editor, pas ee — 570 0 0 
Salary of Sub-Editor an 660 —— 200 0 0 
Editorial Postages ... —" 1310 0 
Abstractors’ Fees “ae 609 7 9 
Printing of Journal — 8016 19 3 
Banding... ... . ie 55 2 8 
Printing of Advertisements i ah 6616 9 
Wrappers and Addressing aa 117 10 7 
Distribution of Journal sia 628 0 5 
Authors’ Copies ... ta 190 17 6 
Insurance of Stock ... = wee 5 4 0 
Printing of Proceedings ... nee 243 16 10 
Banding - tie ste 812 4 
Distribution .,, ah 44 0 7 
Decennial Index Printing... ooo 1378 0 0 
tr Distribution os 38317 2 
1411 17 
, Annual Reports on the Progress of Chemistry 
Purchase of back numbers of Journal ..._ ... 
- ree a ae eo 
», Library Expenses :— 
Salary of Librarian and Assistant... 20416 0 
Books and Periodicals so. ine 231 19 0 
Binding .. a eee ee 88 8 7 
Bookcases. a a ae ae ae 155 138 0 
, Indexing for International Catalogue . 
, Donation to International Commission of Publication of Annual Tables 
of Constants and a Data, Chemical, — sical and Techno- 
logical ... s. fs 
», Administrative Expenses :— 
Salary of Staff ... 1: | a ee oe 
Wages (Commissionaire, Housekeeper, a ‘and /Charwoman) oo a 
Coa] and Lighting oe ant “atiea, ale, iid 8112 5 
House Expenses and Repairs 70 8 10 
Furniture - eee 388 310 
Tea Expenses 8114 5 
Insurances .._... i a 
Accountants’ Charges ia 21 0 0 
Commission on Recovery of Income Tax ... 116 6 
| a a eee 12 3 7 
Stationery i, at ae a le 45 14 11 
Postages ... 134138 4 
Dinner Expenses... os 1317 6 
Miscellaneous Expenses 8718 9 


certify thei to be in accordance therewith. 


7181 15 5 


wo 
—) 
Oo 
i) 


1076 2 7 


£9473 1 8 


I have also verified the Balance at the Bankers 


Approved—SAMUEL RIDEAL, 
JAMES J. DOBBIE, 
ALEXANDER PEDLER. 
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The Additions to the Library comprise: 137 books, of which 68 
were presented, 510 volumes of periodicals (representing 241 
journals), and 86 pamphlets, as against 135 books, 482 volumes of 
periodicals (representing 237 journals), and 76 pamphlets last year. 

The question of providing for the continuous growth of the 
Library has been further considered, and a room in the basement 
has been altered to accommodate 27 rolling book-stacks, estimated 
to contain 8,500 volumes, or twelve years’ addition to the Library 
at its present rate of growth. 

From a purely financial point of view, the past year was not so 
successful as the year immediately preceding it. Notwithstanding 
the considerable cost of the redecoration and the improvements in 
the ventilation of the Society’s Rooms, there was a balance in 1912 
of £176 1s. 7d., whilst in 1913 there is a deficit of £237 7s. 7d. on 
the year’s working. A careful examination of the statement of 
income and expenditure, however, will show that this need cause no 
alarm. From all sources, the income for 1913 amounts to 
£9,235 14s. ld., as against £8,120 12s. 3d. in 1912, an increase of 
£1,115 1s. 10d., whilst the corresponding expenditures are 
£9,473 1s. 8d. and £7,944 10s. 8d., an increase of £1,528 11s. 
The income, as well as the expenditure, is a record one, and the 
amount of each has been raised by a common cause. The print- 
ing of Volume V. of the Decennial Index alone has added £1,378 
to the normal expenditure, whilst somewhat over £1,000 has 
already been added to income from its sale. Remembering 
that Part II. (Subject Index) was only published in December 
last, it may confidently be anticipated that sales of this volume 
in the near future may very considerably reduce, if not altogether 
obliterate, the deficit arising from this source. 

Another exceptional expenditure which could not be delayed was 
the provision of new iron bookcases for the extension of the 
Library in one of the basement rooms at a cost of £155 13s. The 
extra cost of the Journal this year was due to the increase of 
about £63 in Abstractors’ fees, and a consequent increase of equal 
amount in the cost of printing. The cost of the Annual Reports 
on The Progress of Chemistry for 1912 exceeded that for 1911 
by £51. It is to be regretted that the amounts received as Life 
Compositions and Admission Fees were £141 less than in 1912, 
when they were, however, considerably above the average. 

In the balance-sheet a sum of £168 1s. 10d. appears as an asset, 
having been paid on account of the International Association of 
Chemical Societies. This temporary expenditure is owing to the 
meeting of the Association having been originally arranged to take 
place in London, but it will shortly be repaid to the Society from 
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the Fund endowed by M. Ernest Solvay to which reference has already 
been made. 

The net income of the Research Fund from investments is about 
£343, and to this was added £77 16s. 3d., being unexpended grants 
from previous years which were returned. From this, grants 
amounting in all to £368 were made, leaving £50 to be added to 
the balance in hand. 


A vote of thanks to the Treasurer, Secretaries, Foreign Secre- 
tary, and Council for their services during the past year was pro- 
posed by Dr. Bernarp Dyer, seconded by Dr. L. T. THorne, and 
acknowledged by Sir Wiit1am Ramsay. 


The Presrpent then delivered his address, entitled ‘“‘ Tauto- 
merism.” A vote of thanks to the President, coupled with the 
request that he would allow his address to be printed in the Trans- 
actions, was proposed by Professor R. Metpora, seconded by 
Professor W. Jackson Pops, and carried with acclamation, the 
PRESIDENT making acknowledgment. , 


The Report of the Scrutators was presented, and the PRESIDENT 
declared that the following had been elected as Officers and Council 
for the ensuing year: 


President.—William Henry Perkin, Sc.D., LL.D., F.R.S. 


Vice-Presidents who have filled the Office of President.—Henry 
Edward Armstrong, Ph.D., LL.D., F.R.S.; Alexander Crum 
Brown, D.Sc., LL.D., F.R.S.; Sir William Crookes, O.M., D.Sc., 
F.R.S.; Sir James Dewar, M.A., LL.D., F.R.S.; Harold Baily 
Dixon, M.A., Ph.D., F.R.S.; Percy Faraday Frankland, Ph.D., 
LL.D., F.R.S.; Augustus George Vernon Harcourt, M.A., D.C.L., 
F.R.S.; Raphael Meldola, D.Sc, LL.D., F.R.S.; Hugo Miiller, 
Ph.D., LL.D., F.R.S.; William Odling, M.A., M.B., F.R.S.; Sir 
William Ramsay, K.C.B., LL.D., F.R.S.; James Emerson Reynolds, 
Sc.D., M.D., F.R.S.; The Rt. Hon. Sir Henry Enfield Roscoe, 
LL.D., F.R.S.; Sir Edward Thorpe, C.B., LL.D., F.R.S.; Sir 
William Augustus Tilden, D.Sc., F.R.S. 


Vice-Presidents.—Herbert Brereton Baker, M.A., D.Sc., F.R.S.; 
Peter Phillips Bedson, M.A., D.Sc.; Horace Tabberer Brown, 
LL.D., F.R.S.; Charles Thomas Heycock, M.A., F.R.S.; Edmund 
James Mills, D.Sc., LL.D., F.R.S.; Gilbert Thomas Morgan, D.Sc. 


Treasurer.—Alexander Scott, M.A., D.Sc., F.R.S. 


Secretaries.—Samuel Smiles, D.Sc.; James Charles Philip, M.A., 
D.Se., Ph.D. 


ANNUAL GENERAL MEETING. 1175 


Foreign Secretary—Arthur William Crossley, D.Sc., Ph.D., 
F.R.S. 


Ordinary Members of Council—George Barger, M.A., D.Sc.; 
The Rt. Hon. the Earl of Berkeley, F.R.S.; Edward John Bevan; 
Adrian John Brown, M.Sc., F.R.S.; Harold Govett Colman, D.Sc., 
Ph.D.; Arthur Harden, D.Sc., Ph.D., F.R.S.; Thomas Martin 
Lowry, D.Se.; Kennedy Joseph Previté Orton, M.A., Ph.D.; 
Robert Henry Aders Plimmer, D.Sc.; Edward John Russell, D.Sc. ; 
George Senter, D.Sc.; John Millar Thomson, LL.D., F.R.S. 
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PRESIDENTIAL ADDRESS. 
Delivered at the Annuat Generat Meetinc, March 26th, 1914. 
By Witi1am Henry Perrin, Ph.D., Sce.D., LL.D., F.R.S. 


Tautomerism. 


Few subjects have attracted so much attention during recent years 
as the problem of the nature and isolation of those elusive sub- 
stances which are commonly known as tautomeric modifications, 
and the progress which has been made towards their identification 
has been so great that it may almost be said that the subject is a 
problem no longer. I recently had occasion to make a careful 
study of the literature of tautomerism and desmotropic modifica- 
tions,* and it then occurred to me that it might prove interesting 
if I gave, on this occasion, a brief sketch of the subject and of 
some of the more important advances which have lately been made. 
But I wish it to be clearly understood that, in a short address like 
the present one, I can only touch on certain of the more striking 
developments, and that much important work must therefore 
remain unnoticed. 

During the earlier history of the theory of chemical structure, 
the view was firmly held that every organic substance had a fixed 
and definite composition, and for a long time this view appeared to 
be in harmony with all the known facts. Gradually, however, 
substances were discovered the properties of which could not be 
explained on the assumption that their constitutions were fixed. 
Thus, in 1882—1883, Baeyer and Oekonomides (Ber., 1882, 15, 
2093 ; 1883, 16, 2193) observed that isatin is converted by the 
action of acetic anhydride into an acetyl derivative, which, since 
it yields acetylisatinic acid on hydrolysis, must contain the acetyl 
group attached to nitrogen: 

a ". CO-CO,H 
CH y-co-cu- 9 Oe -od-cn,’ 
and this would seem to indicate that isatin had the lactam 
structure : 


Co- 
C.H,<y C0. 


* Excellent articles on the subject of tautomerism are to be fonnd in Meyer, 
Jacobson, ‘‘ Lehrbuch der Org. Chem.,” Zweite Auflage, Vol. I (I. 3), p. 1133; 
Henrich, ‘‘Theorien der Org., Chem.,” Zweite Auflage, p. 129; Lowry, ‘‘ Dynamic 
Isomerism,” British Association Report, Cambridge, p. 194, and of these full 
advantage has been taken in compiling this short address. 
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On the other hand, isatin silver is converted by the action of 
ethyl iodide into ethylisatin, and since this substance on hydrolysis 
yields isatin and alcohol, it follows that the ethyl group must be 
attached to oxygen. The isatin from which ethylisatin is derived 
must therefore have the lactim formula 


CH <Q>c0RR => OH, <Y>c-0H, 


and be isomeric with the isatin corresponding with acetylisatin, 
and yet the isatin actually obtained as the result of hydrolysis is 
the same substance in both cases. Shortly afterwards, Friedlander 
and Weinberg (Ber., 1885, 18, 1528) made a similar series of 
observations in the case of carbostyril, since they found that this 
substance yields two ethyl derivatives of the formule 

CH=CH _ CH:CH 
‘Sy et-do and CHW =G-ORt? 


which are obviously derived from two different modifications of 
carbostyril, and it was not long before other instances of the same 
kind were recorded. In discussing the case of isatin and its acetyl 
and ethyl derivatives, Baeyer favoured the view that isatin itself 
was a single substance of definite constitution, and, for various 
reasons, he assigned to it the lactim structure. He considered that, 
under certain conditions, it was able to pass into the lactam (called 
by Baeyer “ pseudo-isatin”), and that, whilst this modification is 
unstable in the free state and at once reverts to ordinary isatin, it 
can give rise to stable derivatives when the imide hydrogen is 
replaced by radicles or groups. There can be little doubt that 
these suggestions served as the basis on which Laar raised his con- 
ception of tautomerism in 1885—1886 (Ber., 18, 648; 19, 730). 
Laar’s views differed in certain rather important particulars from 
those of Baeyer, for, whilst Baeyer asserted that isatin and other 
substances of the same type have a fixed and definite structure, 
Laar was of opinion that such substances are in reality mixtures 
of the two structural modifications, and that, as the isomerism is 
always due to the position of one atom of hydrogen, it may be 
assumed that the modifications are constantly changing the one into 
the other by the oscillation of this particular hydrogen atom, and 
this state of things he named “tautomerism.” Thus, for example, 
the formula of isatin, according to the tautomeric hypothesis of 
Laar, might be written 


C,H 


, 
OH<y > - 


A 
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and the oscillation of the hydrogen to the right would then yield 
ordinary isatin, and to the left pseudo-isatin : 


CH <O>C-OH and  O,4,<yy,>00. 


The suggestion that substances capable of tautomeric change are 
in a constant state of vibration, and therefore have not, at any 
given moment, a definite structure, or, in other words, are not 
chemical individuals, has not been generally accepted by chemists. 
The view held by Baeyer that such substances have, in the free 
state, a fixed and definite constitution, and that, in order to take 
part in reactions requiring such a change, they are able to pass into 
the pseudo-modification by the wandering of a hydrogen atom, is 
much more in harmony with the recognised conception of the 
nature of organic substances. 

The results of later work have much strengthened the position of 
the Baeyer hypothesis, since it has been conclusively shown that 
it is, in many cases, possible to isolate the two possible modi- 
fications, and to demonstrate that, even if they are often com- 
paratively unstable, they are, nevertheless, chemical identities, and 
are not substances with constitutions continually changing. In 
some cases, as, for example, in the case of isatin, it has so far 
not been found possible to isolate the two modifications, and 
Jacobson (Ber., 1887, 20, 1732) suggested that the word “tauto- 
merism”’ should be reserved for these, and that tautomeric sub- 
stances which have actually been obtained should be named “ desmo- 
tropic modifications” (Ber., 1887, 20, 1732; 1888, 21, 2628). 
The credit of the first isolation of two desmotropic modifications 
appears to be due to W. Wislicenus, who in 1887 (Ber., 20, 2933) 
found that, when phenylacetic ester is condensed with formic ester, 
two isomeric substances are produced, one of which is doubtless 
hydroxymethylenephenylacetic ester (I), and the other formyl- 
phenylacetic ester (II): 

CO,Et:(C,H;)C:CH-OH. CO,Et:(C,H,)CH-CHO. 
Eno! (I). Keto (II). 

These modifications exhibit striking differences in their properties, 
since the enol-modification is a liquid which distils at 135°/11 mm., 
and gives a bluish-violet coloration with ferric chloride, whereas the 
keto-modification is solid, melts at 70°, and gives no coloration with 
ferric chloride. The interesting observation was also made that 
the keto-ester, at its melting point, is rapidly converted into the 
enol-ester. Some years later, Claisen was successful in isolating 
several desmotropic modifications (Annalen, 1896, 291, 25; compare 
Wislicenus, ibid., 147). Claisen investigated the action of benzoyl 
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chloride on the sodium derivative of benzoylacetone, 
C,H,;°CO-CH,°CO-Me, 

and isolated a substance which melted at 102°, gave a violet colora- 

tion with ferric chloride, was soluble in sodium carbonate, and 

coupled readily with benzenediazonium chloride. 

When this substance was heated at 90°, or boiled with dilute 
alcohol, it was converted into an isomeric substance which melts 
at 107—110° and has properties quite different from those of the 
substance melting at 102°, since it does not give a coloration with 
ferric chloride, and is insoluble in sodium carbonate. When, how- 
ever, it is left in contact with sodium hydroxide it gradually dis- 
solves, but not without change, since, on acidifying, the substance 
melting at 102° separates. There can be no doubt that these two 
substances are desmotropic modifications, and Claisen formulated 
them in the following way: 

(C,H;-CO),C:C(OH)Me. (C,H;CO),CH*CO-Me. 
Enol, m. p. 102°. Keto, m. p. 110°. 

These modifications are comparatively stable, for although the 
enol changes into the keto on standing at the ordinary tempera- 
ture, it does so very slowly, and equilibrium only results after 
some weeks. On following up this matter, Claisen made the 
interesting observation that comparatively slight changes in the 
composition of the substances just described produce far-reaching 
results as regards their stability. Thus, if the methyl group is 
replaced by phenyl, the enolic modification, 

(C,H;°CO),C:C(OH):C,H,, 
is so unstable that great difficulty is experienced in isolating it, 
and when the pure substance was obtained in the solid condition 
it was found that it changed into the keto-modification in two 
days. 

In the case of the analogously constituted substances, 


CH,°COx,,,. CH,:CO 

C,H?-cO>C:COH) Me and o,H°-co> CH CO-Me 
Enol. Keto. 

CH,"COx,,,. CH,°CO 

CH-CO>C:C(OH) Me and CHY-CO>CH'CO-Me 
Enol. Keto. 


it was found possible to isolate only the enol-modification, since 
the keto-modification does not appear to be stable at the ordinary 
temperature. Another interesting case of desmotropic modifica- 
tions is that of mesityloxideoxalic ester, 

| Me,C:CH-CO-CH,°CO-CO,Et, 

which Claisen (Annalen, 1896, 291, 132) obtained in two well- 
defined modifications; the enol, Me,C:CH-CO-CH:C(OH)-CO,Et, 
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gives a red coloration with ferric chloride, and is comparatively 

stable even at 100°, whefeas the keto-modification, 
Me,C:CH-CO-CH,°CO-CO,Et, 

gives no coloration with ferric chloride, and is stable only at 

ordinary temperatures. 

One of the first attempts to estimate the proportion of the enol- 
and keto-modifications present in a tautomeric mixture is due to 
Wislicenus (Annalen, 1896, 291, 172), who employed the ferric 
chloride reaction for this purpose. Wislicenus found that if equal 
quantities of the pure enol- and keto-modifications of formylpheny]- 
acetic ester, dissolved in the same volume of alcohol, are mixed 
with ferric chloride, an intense bluish-violet coloration is produced 
in the case of the enol, whereas the keto-modification gives at first 
no coloration at all. After standing for a short time it was 
noticed that the colour of the enol-solution had become less intense, 
and that the colourless keto-solution had acquired a bluish-violet 
tint, and after the lapse of a certain length of time the colour 
of the two solutions was found to be of equal intensity. Clearly 
the two modifications of formylphenylacetic ester in solution in 
alcohol and in. the presence of ferric chloride undergo gradual 
inter-conversion until equilibrium is reached. 

As the result of these observations, Wislicenus was able to devise 
a colorimetric method for approximately determining the propor- 
tions of the two modifications present in the equilibrium mixture. 

Further investigation showed, however, that the mechanism of 
the process is somewhat more complicated than was at first thought 
to be the case, since the nature of the solvent, as well as concentra- 
tion and temperature, have a marked influence on the change. 
Thus, for example, it was possible to recrystallise the desmotropic 
modifications without change from some solvents, whereas in other 
cases the equilibrium mixture of the two modifications was rapidly 
produced, and the rapidity of change was also found to be greatly 
influenced by the temperature at which the experiment was con- 
ducted. 

When the solvents which had been employed in these experi- 
ments were classified according to the rate at which they induced 
equilibrium, the result indicated that the order was approximately 
that of their dielectric constants. 

Of the various methods which have been devised for studying 
the speed of tautomeric* changes such as those which have been 
alluded to, that which depends on the rotatory power of optically 
active tautomeric compounds occupies one of the most important 
positions, and the credit of having directed attention to the possi- 


* Lewry prefers the expression ‘‘ isodynamic.” 
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bilities of this method must be accorded to Lowry, who applied it 
with signal success to the case of the nitrocamphors, 


CH-NO, = _ C:NO,H 
CH <bo ane C By 
Normal or a-nitrocamphor. Pseudo-nitrocamphor. 


The so-called “ multirotations” of certain sugars had long been 
known, but this phenomenon was first set in its proper light by this 
worker, who recognised that ‘multirotation” was merely an 
instance of a quite usual alteration in optical activity associated 
with tautomeric changes in optically active compounds, for which 
he introduced the now familiar term ‘ mutarotation” (T., 1899, 
75, 2). Lowry was able to show, by polarimetric measurements, 
that a-nitrocamphor, dissolved in a variety of solvents, undergoes 
tautomeric change, probably of a kind similar to the well-known 
transformations of the normal nitroparaffins into their 7so-forms, 
and vice versa, and, in the case of the two forms of m-bromo-a- 
nitrocamphor, it was demonstrated that the same state of equi- 
librium was attained starting with a solution of either modification 
in a pure state. 

Schiff, in 1898, carried out certain experiments with aceto- 
acetic ester which led him to conclude that a trace of sodium 
ethoxide converted that ester wholly into its enolic form, 
whilst a trace of piperidine converted it into the pure 
ketonic modification (Ber., 1898, 31, 602). This assumption, 
obviously at variance with first principles, led to a considerable 
amount of controversy, and, following the destructively critical 
work of Schaum (Ber., 1898, 31, 1964), Lowry examined the 
influence of various alkaline catalysts on the mutarotations of the 
nitrocamphors, finding, as was to be expected, that traces of such 
agents, whilst accelerating the speed of the transformations, had no 
influence on the proportions of the isomerides at the equilibrium 
point, and thus affected the opposing reactions to an equal extent. 
The apparently complete stability of the nitrocamphors, when a 
high state of purity of their solutions in certain solvents has been 
attained, is worthy of special note, although it is foreign to the 
main object of this address to discuss the moot question whether 
this stability is real or whether it is the result of an excessively 
low velocity of isomeric change. 

Lapworth, partly in conjunction with Hann (T., 1902, 81, 1491; 
1903, 83, 1114; 1904, 85, 46), undertook a study of the conditions 
under which the tautomeric changes in f-ketonic and f-aldehydic 
esters takes place, the menthyl esters of the acids being used, so 
that the changes could be followed with the polarimeter. Except 
in the case of the azo-derivatives of menthyl acetoacetate, the 
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changes in rotatory power were small, but there was sufficient 
evidence to establish the fact that not only bases, but also acids, 
greatly accelerate tautomeric changes of this type, a matter of 
considerable importance, showing that a due regard must be paid 
to the accelerating influence of acids in studying the constitution 
of tautomeric substances, as it is well known that some of the most 
serious difficulties occur in this connexion. Lapworth’s studies of 
catalytic agents in influencing the speed of chemical changes as a 
method of throwing light on the mechanism of reaction, led to the 
elucidation of the manner in which a-substitution occurs during 
the action of halogens on ketones and other carbonyl-containing 
compounds. It was observed that mineral acids very greatly 
accelerate the action of halogens on ketones, acetic anhydride, 
acetic acid, and malonic ester. These are more or less indifferent 
towards bromine in the absence of catalysts, but, once interaction 
has begun, with liberation of halogen hydride, or when halogen 
hydride is introduced, the bromination proceeds rapidly in most 
cases, and sometimes with considerable violence. The clue to the 
mechanism in such instances was obtained by a kinetic study of the 
bromination of acetone in aqueous solution. Acetone in consider- 
able excess was brought into contact with bromine in presence of 
varying quantities of mineral acids, and measurements were made 
of the speed with which the bromine disappeared. It was found 
that the velocity was nearly proportional to the concentration of 
the acetone and to that of the ionised mineral acid, but was in- 
dependent of the quantity of bromine present, and was not appreci- 
ably different in darkness or daylight (T., 1904, 85, 30). These 
observations showed conclusively that the particular reaction in 
which the bromine is concerned is almost instantaneous in com- 
parison with that of the change the speed of which is being 
measured. The latter was concerned only with the acetone, and 
the mineral acid, and was considered by Lapworth to consist in the 
conversion of the acetone, by the acid, into the isomeric form in 
the same way as the tautomeric change of f-ketonic acids is 
accelerated by acids. In other words, the stages of a-halogen sub- 
stitution would appear to be: 
(1) Pao + aan —_> >C-0-08 (slow) ; 


(2) POOR + Br, — >CBr-C:O (very rapid). 
| 


Whether, in the second stage, the bromine is first taken up at the 
ethylenic linking to afford the derivative >CBr-CBr-OH is a ques- 
tion which may be regarded as an open one, however attractive 
such an assumption may seem. It is worthy of note that light 
has but little influence on the speed of the reaction, a feature which 
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sharply distinguishes cases of substitution in the a-position from 
those of substitution in the f-position. To the latter type the 
above explanation was not intended, and could not be expected, to 
apply. 

The case of tautomerism which has aroused the greatest interest 
ever since the substance was discovered by Geuther in 1863 
(Jahresber., p. 323), and independently by Frankland and Duppa 
(Annalen, 1865, 138, 342), is undoubtedly that of acetoacetic ester. 
Of the two possible formule for this important substance, 


CH,-CO-CH,°CO,Et. CH,*C(OH):CH-CO,Et. 
(I.) Keto. (II.) Enol. 
Acetoacetic ester. B-Hydroxycrotonic ester. 


Frankland and Duppa decided in favour of the keto-formula, 
whereas Geuther argued that, since the ester yields a sodium salt, 
it in all probability contains hydroxyl, and its constitution is there- 
fore that represented by formula II. 

The arguments used against the enol-formula for acetoacetic ester 
were, at first, based entirely on the chemical behaviour of this sub- 
stance. It was found, for example, that it did not yield an acetyl 
derivative when it was boiled with acetyl chloride, as a substance 
containing hydroxyl might be expected to do. On the other hand, 
acetoacetic ester exhibits the more characteristic reactions of a 
simple ketone; thus it yields a crystalline additive derivative with 
sodium hydrogen sulphite, it combines with hydrogen cyanide with 
the formation of a cyanohydrin, hydroxylamine converts it into the 
anhydride (methylzso-oxazolone) of B-oximinobutyric acid, 

CH,°C(:N-OH)-CH,°CO,H, 
and it yields the corresponding acetal—f-diethoxybutyric acid, 
CH;°C(OEt),"CH,*CO,Et—when it is treated with orthoformic 
ester. 

All these reactions are obviously greatly in favour of the keto- 
formula for acetoacetic ester. On the other hand, phenylhydrazine 
converts acetoacetic ester into the hydrazide, 

CH,°C(NH:NH:C,H;):CH-CO,Et, 
ammonia reacts readily with the formation of §-aminocrotonic 
ester, CH,*C(NH,):CH-CO,Et, and Claisen has shown that aceto- 
acetic ester will react with benzoyl chloride if pyridine is present, 
and then yields the substance CH,*C(OBz):CH-CO,Et. 

Clearly, these reactions may be used as arguments in favour of 
the enol-formula for acetoacetic ester. 

The mass of experimental evidence which gradually accumulated 
soon made it apparent that the constitution of acetoacetic ester 
could hardly be solved by chemical means alone, because, even 
supposing, as seemed probable, that acetoacetic ester has the 
4H 2 
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ketone structure, it was always possible that the presence of certain 
agents, as, for example, strong acids, and in particular alkalis, 
might change it partly or wholly into the enol-modification. 

It thus came about that recourse was had to the accurate study 
of the physical properties of acetoacetic ester, and the values 
obtained were found to support the chemical evidence, and to leave 
little room for doubt that acetoacetic ester has essentially the con- 
stitution CH;*CO-CH,°CO,Et, and can contain, at the most, only 
a small proportion of the enol-modification. The refractive power 
of a very pure sample of this ester was determined by Briihl (Ber., 
1892, 25, 366), who obtained the value M=31°88, which corresponds 
closely with that (31°78) required by the formula 

CH,°CO-CH,°CO,Et, 
whereas the value calculated for the unsaturated enol formula, 
CH,°C(OH):CH-CO,Et, is much higher, namely, M=34'15. The 
magnetic rotation of acetoacetic ester was determined by Perkin 
(T., 1892, 61, 808) for different temperatures, and the values found 
were 6°501 at 16°2° and 6°470 at 90°5°, showing that there is little 
change in constitution between these temperatures. 

The formula CH,°CO-CH,°CO,Et represents acetoacetic ester as 
acetone, in which an atom of hydrogen has been replaced by the 
carbethoxy-group, and the magnetic rotation of this formula may 
therefore be calculated thus: The observed magnetic rotation of 
acetone * is 3°514, and if to this is added the value of —CO,Et, re- 
placing hydrogen (2°890), we obtain the value 6°404 for the keto- 
modification of acetoacetic ester. On the other hand, the calculated 
magnetic rotation for the enol-modification is much higher, namely, 
7°849, and the close agreement between the value actually observed 
and that required for the formula, CH,°CO-CH,°CO,Et, shows 
clearly that acetoacetic ester consists essentially of this modifica- 
tion. 

Probably the most important recent advance in connexion, more 
particularly, with the determination of the relative amounts of the 
enol- and keto-modifications present in a tautomeric mixture is due 
to the work of Kurt H. Meyer (Annalen, 1911, 380, 212; Ber., 
1911, 44, 2718; 1912, 45, 2843). This investigator has developed 
the observations of Lapworth, to which allusion has already been 
made, and has shown that enol-modifications containing a double 
linking react instantly with bromine, whereas the corresponding 
keto-modifications, being saturated, do not decolorise this reagent. 
By applying this test in alcoholic solution, Meyer has succeeded in 


* The fact that acetone is stable to permanganate shows that it must consist 
almost entirely of the keto-modification, CH,*CO°CH;, and cannot contain any 
appreciable quantity of the unsaturated enol, CH;*C(OH):CH,. 


PERKIN: TAUTOMERISM. 1185 


working out a quantitative process which appears to indicate with 
some accuracy the proportion of enol present, and the process is 
briefly this. Meyer assumes that the enol, in contact with bromine, 
yields a dibromide, which is, however, unstable, and at once decom- 
poses with elimination of hydrogen bromide and formation of the 
bromo-ketone 
-C-OH ait —-CBr-OH wii —GO 
—-CH -CHBr —-CHBr* 

When potassium iodide is added, the bromo-ketone is at once 

reduced, with separation of iodine, 
0 -CO 
bm + 2HI = -GH, + HBr + I,. 

and from the amount of iodine, estimated in the usual manner 
with thiosulphate, the proportion of the enol which was present in 
the mixture may be calculated. In carrying out the process, the 
tautomeric mixture is dissolved in alcohol, and then an alcoholic 
solution of bromine, the strength of which need not be determined, 
is rapidly added until the colour is no longer discharged. Any 
excess of bromine is removed by the addition of alcoholic B-naphthol, 
excess of potassium iodide is then added, and, after warming gently, 
the free iodine is determined by titration with WV /10-thiosulphate. 

That it is the enol-modification which reacts, and reacts com- 
pletely, with the bromine is shown by the fact that the solution, 
after mixing with a slight excess of the alcoholic bromine, does 
not contain any enol, since it does not give any coloration on 
the addition of ferric chloride. When the resulting solution is 
allowed to stand, the keto-modification which it contains gradually 
changes into the enol until equilibrium is reached, and during this 
process the colour produced by ferric chloride becomes more and 
more intense, but is at once destroyed by the addition of sufficient 
bromine to combine with the enol which has been formed. The 
application of this method of enol estimation to the case of aceto- 
acetic ester showed, as the result of a large number of concordant 
experiments, that this substance consists approximately of 92°6 per 
cent. of the keto- and 7°4 per cent. of the enol-modification, a con- 
clusion which is in harmony with the values observed for the refrac- 
tive index and magnetic rotation of acetoacetic ester. Tempera- 
ture does not appear to have any considerable influence on the pro- 
portion of enol and keto present, but dilution with solvents may 
bring about a marked change in the conditions of equilibrium. 
Thus Meyer found that a 90 per cent. solution in hexane contains 
9°3 per cent., a 25 per cent. solution 26 per cent., and a 10 per cent. 
solution 40 per cent. of enol. On the other hand, the presence of 
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water favours the stability of the keto-modification to a remarkable 
extent, since Meyer showed that a 1 per cent. aqueous solution of 
acetoacetic ester contains only 0°4 per cent. of the enol-modification. 
A series of experiments made with the object of determining the 
influence of alkali on the composition of acetoacetic ester yielded 
important results. It has long been assumed that, whilst aceto- 
acetic ester itself is almost entirely ketonic, the sodium derivative 
most ‘probably exists mainly, or perhaps exclusively, as 
CH,°C(ONa):CH-CO,Et, 

and this view is completely in accordance with the observations of 
Meyer. If an alcoholic solution of acetoacetic ester is mixed with 
sufficient sodium ethoxide to convert it completely into the sodium 
derivative, then acidified with a slight excess of hydrochloric acid, 
and the product at once titrated by the bromine process, the 
amount of enol present is found to be at least 80 per cent., and if 
account is taken of the rapid change of some of the enol to keto 
during the time required for the experiment, the percentage must 
actually be considerably more. The formation of the enol-modifica- 
tion as the result of the action of alkalis, and the rapid change 
which occurs when the enol is set free by acids, is well shown by 
the following experiment. 

A saturated aqueous solution of acetoacetic ester gives a com- 
paratively faint coloration with ferric chloride, and decolorises very 
little bromine, because it contains, as has already been stated, the 
keto-modification almost exclusively. If such a solution, diluted 
with an equal volume of water and cooled to 0°, is made alkaline 
and then acidified, a quantity of oil is precipitated, which consists 
mainly of the enol-modification, since it gives an intense colora- 
tion with ferric chloride and readily decolorises bromine. 

After a short time the oil will have completely disappeared, owing 
to its having undergone change into the more soluble keto-modifica- 
tion, and the solution again gives only a faint coloration with ferric 
chloride, and has comparatively little action on bromine. 

Another striking advance in connexion with the subject of the 
tautomerism of acetoacetic ester is due mainly to Knorr and his 
co-workers, who have recently shown (Ber., 1911, 44, 1147) that it 
is possible, under certain conditions, actually to isolate and examine 
the desmotropic modifications of this ester. When a solution of 
acetoacetic ester in a neutral solvent, such as ether, hexane, or 
alcohol, is cooled in a mixture of ether and solid carbon dioxide to 
about — 78°, a substance separates in crystals which melts at about 
— 39°, distils at 40—41°/3 mm., and has mj) 1°4225. Since this 
substance does not give a coloration with ferric chloride, and does 
not immediately react with bromine, it is obvious that it consists 
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of the keto-modification in a pure state. At low temperatures this 
modification is stable for long periods, and even at the ordinary 
temperature conversion into the enol-modification is very slow since, 
if care is taken to keep away alkaline and other catalytic agents, the 
change into the ordinary equilibrium mixture takes several days, or 
even weeks, to complete. In order to isolate the enol-modification 
(a-ester), sodioacetoacetic ester, suspended in light petroleum and 
cooled to —78°, is carefully, and not quite completely, decomposed 
by the addition of hydrogen chloride. The solution is filtered from 
sodium chloride, the solvent removed by evaporation at as low a 
temperature as possible, when the enol-modification (a-ester) re- 
mains, and exhibits properties which differ in a striking manner 
from those of the keto-modification (8-ester). The a-ester (enol) 
does not crystallise at —78°, but does so when it is placed in liquid 
air; it distils practically unchanged at 33°/2 mm., and has 
ny 1°4480, a value much higher than that observed in the case of 
the B-ester (1°4225). The a-ester gives an intense coloration with 
ferric chloride even at —78°; it reacts instantly with bromine, and 
may be kept at low temperatures for some considerable time un- 
changed, but at the ordinary temperature the change into the 
B-ester commences at once, and equilibrium is reached in a few 
days. As there is so considerable a difference in the values of 
ni; in the case of the two esters, Knorr and his co-workers made 
mixtures of these, and determined their refractive powers, with the 
following results: 


Percentage of enol. n\, Percentage of enol. n}, 
0 1-4225 50 1-4352 
2 1-4230 75 1-4417 
25 1-4287 100 1-4480 


Since ordinary acetoacetic ester has m, 1°423 at 10°, Knorr con- 
cluded that it is a mixture of 98 per cent. keto and 2 per cent. 
enol, a conclusion somewhat different from that arrived at by Kurt 
Meyer from the results obtained by titration with bromine, which, 
as already pointed out, gave an enol-content of 7°4 per cent. 

If account is taken of the experimental difficulties associated with 
the isolation of labile modifications, such as those of acetoacetic 
ester, and especially the difficulty of keeping out all traces of 
catalytic agents, it is not surprising that the results of two such 
widely different methods as those of Kurt Meyer and Knorr should 
differ to so considerable an extent. Thus it has been shown that 
the presence of a minute amount of hydrogen chloride, or such 
traces of alkalis as may be derived from the glass vessels employed, 
have a quite remarkable action in accelerating tautomeric change. 
Kurt Meyer and Knorr have extended their experiments, and 
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determined the enol-content of other substances capable of tauto- 
meric change, and the following table shows the results obtained by 
the first-named of these investigators (compare Annalen, 1911, 880, 
212; Ber., 1912, 45, 2843) : 


Per- Per- 
centage centage 

enol. enol. 
Methyl acetoacetate ......... 4-8 Benzoylacetic acid ............ 98-0 
Methyl methylacetoacetate 3-1 Methyl benzoylacetate ...... 16-7 
Acetylacetone ......secceeseeees 80-4 Ethyl benzoylacetate ......... 29-2 
Ethyl acetonedicarboxylate 16-8 Benzoylacetone ..........+00 98-0 
Oxalacetic acid ...........044. 100-0 Dibenzoylmethane ............ 96-0 
Methyl oxalacetate ............ 100-0 


The cases of methyl and ethyl benzoylacetate—the aromatic repre- 
sentatives of methyl and ethyl acetoacetate—are particularly 
interesting, and deserve special mention. As shown in the table 
just given, the enol-contents of methyl and ethyl benzoylacetates at 
the ordinary temperature are about 16°7 and 29°2 respectively 
(compare Kurt Meyer, Ber., 1911, 44, 2729). This investigator 
has shown that the solution of methyl benzoylacetate in sodium 
hydroxide, if mixed with ice and carefully acidified, deposits the 
enol-modification as an oil, which solidifies readily on vigorous 
agitation, and this modification may be dried on porous porcelain 
in a vacuum desiccator. It then melts at about 30—40°, and 
solidifies again on cooling, but at the ordinary temperature it gradu- 
ally undergoes change into the original equilibrium mixture of 
enol- and keto-modifications. A similar result was obtained by 
Knorr (Bér., 1911, 44, 2767), who showed that when a solution of 
methyl benzoylacetate in ether or light petroleum is cooled to — 78°, 
it deposits acicular crystals, which can quite easily be collected, 
washed, and dried. These crystals melt at about 40°, and consist 
of the practically pure enol-modification, and this substance is 
obviously the same as that obtained by Kurt Meyer from the solu- 
tion of methyl benzoylacetate in sodium hydroxide. Knorr also 
for the liquid equilibrium mixture of methyl benzoylacetate is 
1'5418, the pure, unsaturated enolic modification, melting at 40°, 
has the much higher value 15620. The conversion into the ketonic 
form takes place rapidly at the ordinary temperature, and after a 
day or two, or sometimes after a few hours, the refractive value is 
found to be the same as that of the ordinary equilibrium mixture. 
It does not appear, however, that the isolation of the pure ketonic 
modification, either of methyl or ethyl benzoylacetate, has so far 
been successfully accomplished. 

The cases I have been considering are those in which the molecule 
contains only one group capable of tautomeric change, and the 
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conditions are therefore comparatively simple; but when two or 
more such groups are present, the number of isomerides becomes, 
naturally, very much larger, and the occurrence of cis-trans- 
isomerism greatly adds to the complexity of the problem. The most 
complicated substances of this kind which have, so far, been made 
the subject of detailed investigation, are diacetyl- and dibenzoy]l- 
succinic ester, 

CH,-CO*CH-CO, Et cal C,H,"CO-CH-CO, Et 

CH,*CO-CH-CO,Et C,H,-CO-CH-CO,Et 
which have been studied in great detail by Knorr (Annalen, 1896, 
293, 70; 1899, 306, 332). Theory indicates that, in both these 
cases, there should be no fewer than thirteen desmotropic modifica- 
tions, namely, two optically active and two inactive ketonic forms, 
four optically active and two inactive keto-enol-modifications, and 
three cis-trans-double enolic forms. Knorr has succeeded in 
isolating and carefully studying five substances which he considers 
are distinct desmotropic modifications of diacetylsuccinic ester and 
three desmotropic modifications of dibenzoylsuccinic ester. I do not 
propose to go into the details of these laborious investigations, and 
much other material must be left unnoticed, because my object 
to-day was simply to endeavour to point out in a general way some 
of the directions in which our knowledge of tautomeric change has 
developed and progressed during recent times. 
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MATTHEW ALGERNON ADAMS. 
Born Avucust 91TH, 1836; Diep Aprit 29TH, 1913. 


MatTHEw ALcERNoN Apams, who died April 29th, 1913, in his 
77th year, was elected a Fellow in 1877. Born in London August 
9th, 1836, as a child he was considered delicate, and sent to live at 
Margate to benefit by the air and attend school, subsequently at 
“Chatham House,” Ramsgate. 

He selected medicine for a career, and passed through his course 
with distinction at Guy’s Hospital. While there he was attracted 
by the lectures of Dr. W. Odding on Chemistry and Dr. Alfred 
Swaine Taylor on Toxicology, the foundation being evidently laid 
for the scientific pursuits which he followed later on. After a few 
years as a medical practitioner, Adams soon commenced to specialise, 
and devoted much of his energy to beconiing an oculist. Appointed 
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to the Kent County Ophthalmic Hospital at Maidstone, in which 
town he had not long before settled, he was thenceforth largely 
instrumental in shaping the destinies of this institution. It was 
here that he performed innumerable operations on the eyes for 
cataract and other complaints, he invented appliances for more 
successfully carrying out such operations, and rapidly extended his 
reputation throughout the county of Kent and beyond. 

He had always been a skilful mechanician in his earlier days, 
taking up ornamental turning in ivory, and constructing a fine 
lathe with overhead and traversing mandrel, even making his own 
patterns for the castings, and afterwards machining and finishing 
them in his amateur workshop, for which he had every facility. 
The delicacy of touch thereby acquired must have been reflected 
in his ophthalmic work, although in after years he had finally to 
abandon mechanical pursuits because of the restraint they imposed 
on the necessary freedom of the hand. He continued to practise 
extensively as a consulting oculist and surgeon up to the time of 
retirement from medical duties in 1899. 

From the commencement of professional work, Adams had by no 
means neglected Chemistry, for his practice as an analyst goes 
back over forty years ago; his attention at first was devoted to 
water supply in rural districts, together with the examination of 
foods. As a water analyst his aid was extensively sought, because 
his knowledge of geology enabled him fully to regard the phases 
of the problem; his views on local and district standards were 
sound and original, such as to-day are everywhere received as a 
matter of course. 

The advent of the Food and Drugs Act 1875 found him ready 
to enter on its duties, and he was appointed County Analyst for 
Kent, an office which he held throughout with great distinction, 
until advancing years and impaired health led to his resigning two 
or three years ago, having served the county for the long space of 
thirty-seven years. The quarterly reports which he had to prepare 
were always well and thoughtfully expressed; passages from them 
have frequently been selected for quotation in the Food and Drugs 
Annual Summary of the Local Government Board. 

Adams’ character was many-sided, and his medical knowledge 
induced him to follow up the side-path of Preventive Medicine, in 
which he found abundant field for the outlet of his energies. He 
was Medical Officer of Health for the Borough of Maidstone from 
1878 until the close of 1899. It is within the mark to say that his 
work has left permanent impress upon the town, the results of 
which will neither cease for a long time nor be soon forgotten. 
Safely can it be asserted, too, that no similar town ever had a more 
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zealous Medical Officer or one who made wider use of scientific 
methods in the round of his daily duties. He was fearless and 
energetic almost to a fault in following up and directing attention 
to sanitary defects, and although pioneer work of this description 
was difficult, and often perhaps unappreciated, at first, Adams 
always in the end carried conviction, and even aroused enthusiasm. 
One example, taken from his Annual Report on Health Matters 
for 1894, of his application of abstract principles to common things, 
must suffice. The town, in addition to being plentifully supplied 
by the Water Company, had the benefit of several street hydrants, 
which gave a free supply of pure spring water for poorer house- 
holders. Its quality, controlled by periodical analysis, had always 
been regarded as a standard, and yet there had occasionally been 
complaints that the water ran turbid, and was thought to have 
deteriorated. Naturally, in face of the monthly analysis, this latter 
was hardly credible; but our alert Medical Officer, not so easily 
convinced, reflected upon the conditions existing in a high-pressure 
service, and finally came to the conclusion that it was possible, 
under certain conditions, for surface impurities to gain access. A 
flaw was localised after some trouble, and, on exposing the main, 
the cause of this pollution was found to be due to two holes in 
proximity to a road-gully. 

Adams explained the circumstance thus: “Of course, the matter 
was soon and easily set to rights, but the pollution of the water in 
the service pipe still remained a curious fact, the modus operandi 
of which, not immediately apparent, deserves something more than 
a mere passing remark; it might be thought impossible that a 
water-main, fully charged, without interruption, could under the 
circumstances related, have imbibed polluted water from without; 
nevertheless, in-suction had occurred, as was proved by the analyses, 
to the extent of 10 or 15 per cent. at least. To account for this, 
it must be borne in mind that the hydrant A is situated at the 
highest level to which the conduit water-supply can be made to 
flow; moreover, the service pipe to this particular hydrant is very 
small, and is an extension from the service B lying at a lower 
level; the consequence is, the flow at A, at all times very languid, 
is greatly affected by the use, or non-use, of the hydrant B. Now 
when this latter is in full use, and perhaps other hydrants, at even 
lower situations than B, also in use at one and the same time, there 
is a tendency for the A service pipe to empty itself in favour of 
the lower placed hydrants, and when the taps at these latter places 
are suddenly shut off, a wave of water-pressure is sent forward to 
the higher level; when this wave reaches the A hydrant the water 
recoils upon itself, and sets up a sudden and strong retreating 
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current in the opposite direction, which produces the in-suction. 
This seemingly small matter ought not to be lost sight of ; it teaches 
a practical lesson in hydraulics of the greatest sanitary importance. 
I can easily conceive of many existing situations, where the purity 
of an ordinary domestic water supply may be liable to a similar 
risk of pollution, the consequences of which, if the pollution 
chanced to be of a specific nature, might be disastrous.” 

Any account of the life of Adams would be incomplete without 
allusion to his standard method for the estimation of fat in milk, 
known as the “Adams Coil Process.” In 1883 it was becoming 
evident that the usual course, simply to treat the dry total solid 
residue a few times with ether, failed to reach all the fat, but it 
was due to Adams to show, first, how the difficulty could be 
surmounted, and, secondly, to record the seriousness of the quantity 
of fat retained by the solids, about 0°4 per cent., thus lowering the 
non-fatty solids to that extent. The new process was simple, and 
when finally adopted consisted in delivering from a pipette 5 c.c. 
of the milk in separate drops spread along the surface of a strip of 
good blotting-paper, 556 cm., pinned horizontally on a square 
wooden frame, the strip when air-dry being rolled up into a coil, 
further dried in water-oven, and extracted with ether in a Soxhlet, 
as is customary, a correction being applied by allowing for the 
extract yielded by a blank coil, usually 6 milligrams. Although 
there are good alternative methods, the Adams process continues to 
be the standard method in most parts of the world, and, except for 
desiccated milk, the method has never been really surpassed. 

A paper by Adams appears in the Journal for 1892, on the 


'“ Estimation of Dissolved Oxygen in Water,” by means of a special 


and rather elaborate apparatus. It was efficient, however, and 
served the purpose for which a long series of preliminary experi- 
ments had been undertaken, namely, that whilst some of the 
anomalies noticed by previous workers with the Schiitzenberger 
process could be explained and overcome, there were other draw- 
backs inherent in the method itself. The ingenious idea of the 
apparatus was quite to abandon any air-space in the titration 
vessel, to have it filled up with fluid, and to secure agitation through 
the agency of pure mercury, so that the reaction took place entirely 
without an atmosphere. Adams by this means demolished at least 
one argument in the views held at the time; the idea had sprung 
from watching the movement of mercury in the laboratory vessel 
of Frankland’s gas apparatus, which Adams had lately installed, 
much of it his own handiwork. 

Living not far from the Kentish hop gardens, Adams was 
interested in the possibility of devising a way to detect hop sub- 
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stitutes; he achieved something in this direction by means of two 
special processes, which depended on the sense of taste as the final 
arbiter in an extract prepared from the hops, and designed to 
remove or destroy the resin of the hop itself, but to leave intact 
quassia and allied substances. After his treatment, if the bitter- 
ness persisted when a drop of the concentrate was placed on the 
tongue, it could only be due to a foreign bitter, and certainly 
would not be that of the hop. Adams was the first observer to 
discriminate between the “fugitive” bitter of the hop and the 
“fixed” bitter of other substances; he found that whereas the 
bitter taste of the hop on the palate melts away almost at once, or 
is “fugitive,” as he expressed it, that caused by nearly all the 
common. bitters persists, and the effect on the sense of taste lingers 
for a time, or is “ fixed.” 

Adams married early in life, his wife being the daughter of the 
late Mr. John Prall, solicitor, of Rochester; she survives him, 
together with a son and three daughters. Adams was a traveller 
long before the days when there existed the present facilities for 
foreign tours. Venice, the Rhine, Switzerland, and the towns of 
Italy were to him familiar ground, and almost each year he and 
his wife would spend a lengthy vacation abroad, returning with 
vigour renewed and mind enriched through contact with other 
nationalities. 

The motto of Adams all along was thoroughness, and he certainly 
succeeded in accomplishing what he undertook. The writer, whose 
privilege it was to be associated with him for very many years upon 
terms of confidential friendship, remembers the excellence of the 
scientific line of reasoning adopted by Adams. His career was a 
successful example how practically to apply abstract truths of 
knowledge to everyday things; he lived his life well, and the world 
is poorer without him. 

L. W. STANSELL. 


JOSEPH CARTER BELL. 
Born June 281TH, 1839; Diep Jury Ist, 1913. 


JosEPH CarTER BELL, A.R.S.M., who died on July 1st, 1913, at 
the age of seventy-four, was a Fellow of the Chemical Society during 
nearly half a century, but he rarely entered the portals of Burling- 
ton House, and never took any active part in the affairs of the 
Society. A southerner by birth—he was born at Hastings 
—he went North at the early age of twenty-six to take up the 
position of chemist to Messrs. Peter Spence and Sons at the Man- 
chester Alum Works, and it was under the grey skies of Manchester 
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and Salford that Carter Bell carried out his life’s work. In the 
twin cities of his adoption he became a well-known and highly 
respected personality, and a leading authority in his profession. 

Carter Bell was first and foremost an analyst; in this branch of 
chemistry few could equal him; his delicate manipulation, scrupu- 
lous care, and unfailing attention to detail, combined to render his 
work accurate in the highest degree possible. When, as sometimes 
happens in the practice of a public analyst, the results of his work 
were disputed, and the samples in question were submitted to the 
chemists of Somerset House, he always awaited the report of the 
Government authorities with the utmost confidence—a confidence 
which was fully justified by the invariable confirmation of his 
official reports. 

Early in 1876 Carter Beil was appointed Public Analyst to the 
Borough of Salford, and, in the same year, County Analyst for 
Cheshire ; later on he also acted as Public Analyst to the Corpora- 
tions of Glossop, Stalybridge, and Birkenhead. During a very long 
period, practically the whole of the work in connexion with these 
appointments was done by his own hands in a laboratory fitted up 
in his home at Higher Broughton; in those days he was seldom 
absent from this laboratory, either on business or on pleasure, and 
from early morn to nearly midnight his analytical duties, and the 
consequential clerical work, claimed his almost undivided atten- 
tion. The investigation of various problems arising in the course 
of this routine work occupied the rest of his time; he made a 
careful study of the variation in the quality of milk, in order to 
establish the average and the extreme values of the components 
of the unsophisticated article; the results of this investigation, and 
other papers on “ The detection of alum in flour” (Analyst, 2, 28), 
“ The analysis of flours and breads” (ibid., 4, 126, 154), “‘ The com- 
position of unfermented wines” (ibid., 5, 40), “The analysis 
of grape juice” (ibed., 6, 197), “ The composition of the mineral 
matter of tea” (sbid., 7, 7), “The examination of beer from 
beerhouses and breweries” (ibid., 8, 39), were published in The 
Analyst between 1878 and 1883. 

As his analytical practice increased and it became necessary for 
him to obtain assistance in his laboratory, Carter Bell began to 
take a more active part in other professional and public duties. 
He was appointed Consulting Analyst to the Silk Association and 
Advisory Chemist to the Rivers Committee of the Salford Corpora- 
tion. In the latter capacity he examined and reported on the 
problems of sewage disposal, for which purpose he carried out 
various important experiments on the different methods of sewage 
purification then in vogue. Some of the results of this work were 
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published in the Journal of the Society of Chemical Industry in 
papers entitled “On the oxygen test for sewage and effluents as 
carried out in the laboratory of the Mersey and Irwell Joint Com- 
mittee,” and ‘“‘On the comparative effect of lime and other chemicals 
upon sewage.” 

Although, as stated above, Carter Bell took no part in the pro- 
ceedings of the Chemical Society, he was a very prominent member 
of the Society of Chemical Industry, and was also a Fellow of the 
Institute of Chemistry and a member of the Society of Public — 
Analysts. The Manchester Section of the Society of Chemical 
Indusiry owed much to his long-continued and efficient support, 
and such time as he was able to spare from his strictly professional 
duties he spent freely in furthering its interests, both scientific and 
social. During nearly a quarter of a century he acted as its local 
secretary, and was largely instrumental in making the Section the 
headquarters of the varied chemical interests of the city and 
district. He also helped to found the Manchester Chemical Club, 
of which he was in turn honorary secretary, treasurer, and presi- 
dent. In 1904 he was elected Chairman of the Manchester Section 
of the Society of Chemical Industry, an honour which was richly 
deserved. 

As a man, Carter Bell was of a type little met with in this 
materialistic age. He was not worldly-wise, but simple in his 
tastes and almost medieval in his views of life. Of a highly poetic 
temperament, a lover of Tennyson and Browning, his infrequent 
hours of leisure were often spent in reading or reciting, at home, 
the works of his favourite authors, of whom Charles Dickens, 
among prose writers, occupied a high position. Although un- 
musical, in the sense that he could barely distinguish one tune 
from another, he would sit entranced listening to the pealing of 
some great organ, and few cathedrals in this country or in near, 
western Europe were unknown to him. Athletics and games of all 
kinds failed to arouse his interest, but he was an ardent lover of 
Nature and a patriot in the best sense of the word. 


F, Sranutey KIppina. 


WILLIAM POPPLEWELL BLOXAM. 
Born 1860; Diep DecemBer 261TH, 1913. 


Witit1am PopPLEWELL Buioxam, the eldest son of the late William 
Bloxam, M.D., of Mount Street, London, W., came of a scientific 
family, for his uncle was the well-known Prof. Charles Bloxam ; 
his cousin, A. G. Bloxam, was sometime head of the Chemical 
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Department of the Goldsmiths’ Institute; and his younger brother, 
Charles Bloxam, is at the present time engaged as a chemist by the 
Chilean Government. Curiously enough, in his earlier years he 
himself showed no tendency for a scientific career, and, indeed, his 
education, first at Northampton Grammar School, and subsequently 
at King’s College School, was carried out mainly on the classical 
side, his original aim being to become a barrister. The early death 
of his father, however, rendered this scheme impracticable, and it 
became necessary, he then being nineteen years of age, that he 
should at once decide on some career the equipment for which would 
involve no loss of time, and be of a less costly character. Being 
attracted by the lectures of his uncle, who was then Professor at 
King’s College, he decided to study chemistry, and his progress 
being rapid, he was soon able to undertake the post of an assistant. 
When twenty-two years of age he was elected to be Demonstrator 
at the Royal Naval College, Greenwich, and this position he held 
for twelve years, being at first with Prof. Debus, and subsequently, 
after the retirement of the latter, with Prof. Vivian Lewes. It was 
during the last four years of his stay at Greenwich that the 
University Extension movement was at its height, and being a very 
able speaker, and capable of rendering his subject extremely 
popular, he was much in request as an Extensiou Lecturer. Early 
in his career Bloxam had shown an aptitude for research work; 
his first paper, carried out in conjunction with his then senior 
colleague, Mr., now Prof., J. Millar Thomson, at King’s College, 
“On the action of constituents on supersaturated solutions of their 
double salts,” appearing in the Chemical Society’s 7’ransactions in 
1883. This was followed by ‘“Iodaldehyde” (Bloxam and 
Herrower, Chem. News, 1886); “A scheme for the qualitative 
analysis of a solution containing hydric sulphide, hydrosulphide, 
polysulphide, thiosulphate, sulphite, and sulphate” (Chem. News, 
1895) ; and “ Sulphides and polysulphides of ammonium” (T., 1895), 
all of which were carried out at Greenwich. On resigning his post 
at the latter institution, and being anxious to continue his work on 
sulphur compounds, a subject to which he had no doubt been first 
attracted by the example of Debus, he entered the Davy Faraday 
laboratory, and there completed the main portion of his paper 
“On the hydrosulphides, sulphides, and polysulphides of potassium 
and sodium” (T., 1900). Subsequently, at the request of Dr. 
Brodie, he proceeded to the laboratory of the Royal College of 
Physicians and Surgeons to assist in research work on “anti- 
toxins,” with the result that his “ Ammonium sulphate method of 
separating the proteids of horse serum” appeared in the Proceed- 
ings of the Physiological Society during 1901. It now became 
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necessary that he should obtain more settled employment, and with 
this object he agreed, for the time, to fill the Chair of Chemistry 
at the Madras Presidency College, then temporally vacant owing 
to the ill-health of the holder. There can be no doubt that in 
taking this step Bloxam, removing as he did his household to India, 
believed that a permanent teaching position either in that or some 
similar institution would be found for him, and great was his dis- 
appointment when, after a year’s service, and on the return of the 
former occupant, he was informed that his teaching engagement 
was at an end. On the other hand, he was now asked by the 
Government of India to carry out for a time experiments with the 
object of improving the manufacture of natural indigo, severely 
beset as it was by competition with the synthetical product, and 
this, although hardly the work he desired, he consented to under- 
take. Although, as the result of the work of Rawson and other 
chemists, the manufacturing process could be considerably improved, 
and, indeed, it had been suggested as doubtful that any further 
beneficial alteration could be devised, it is to be remembered that 
at that time the discovery of crystalline indican had only just 
been announced by the Dutch chemists, its properties but cursorily 
studied, and that it was not even certain that this same compound, 
distinct as it was from Schunck’s woad preparation, really existed 
in the variety of Indian plant then generally employed. With the 
object of ascertaining with certainty what margin, if any, was still 
left for improvement, and without the knowledge of which Bloxam 
felt that further large-scale experiment was undesirable, he first 
examined the methods hitherto employed for the analysis, not only 
of the fresh leaf, but of cake indigo, himself. These far from 
pleased him, and he therefore commenced the series of laborious 
investigations, which extended more or less over five years, and 
were carried out both in India and Engiand. Work of this 
character hardly commended itself to the indigo planters, naturally 
eager for some early, substantial benefit to their industry, whereas 
his criticism of these older analytical methods originated a contro- 
versy that was unfortunate in view of the fate of the important 
industry which was at stake. In 1904 Bloxam returned to 
England, and, having collected a large amount of material for sub- 
sequent investigation, he was instructed shortly after by the India 
Office to continue his work at the Clothworkers’ Research Labora- 
tory of the University of Leeds, under the writer’s general super- 
vision. A point on which Bloxam laid considerable stress is that 
it was not so easy, as formerly supposed, to prepare chemically pure 
indigotin, and that many of the results of earlier workers, more 
especially in regard to its behaviour with fuming sulphuric acid, 
VOL. CV. 41 
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were untrustworthy, because the material they employed was not 
in reality pure. 

Pure indigotin, which he prepared by a process of sublimation 
in a vacuum, could be converted into tetrasulphonic acid with 
20—25 per cent. fuming sulphuric acid at 100°, without under- 
going loss by oxidation, as had been so frequently asserted, and 
with this fact as a basis, the “tetrasulphonate” process of indigo 
analysis was gradually built up. No effort was spared to ensure 
the accuracy of this method, which depends on the selective pre- 
cipitation of the indigotin as potassium tetrasulphonate, for the 
well-known impurities of cake indigo were not only isolated and 
studied in this respect, but a large number of artificial mixtures 
of indigotin with these substances were analysed by the process. 
As a result, he was able to announce a correct method for the 
analysis of indigo (J. Soc. Chem. Ind., 1906, 25, 735), so that the 
real out-turn of the natural process could be demonstrated, and 
to this purpose he indeed applied it by the examination of the 
numerous factory samples which he had collected during his stay 
in India. Although analyses of the leaf employed for the prepara- 
tion of this indigo were not available, the yield of the indigo thus 
estimated was so small as to leave little doubt that a substantial 
loss had occurred during the manufacturing operation. The first 
object of his visit to Leeds being now satisfactorily accomplished, 
attention was now devoted to the leaf question, and at first fresh 
experiments with the process then in vogue, which consisted in the 
addition of acid and persulphate to the aqueous decoction, were 
carried out. By a variation of the conditions usually employed, 
he effected an increase in the amount of indigotin from the leaf, 
but feeling certain that by this method a loss of indigotin through 
over-oxidation was unavoidable, it became necessary that some- 
thing better should be devised. By taking advantage of the well- 
known interaction of isatin and indoxyl to form indirubin, this 
was forthcoming, for on heating the leaf extract in the presence of 
acid and in the absence of air with isatin, a crystalline precipitate 
of indirubin separated, and this, when freed from brown matter by 
means of dilute alkali, was almost chemically pure. Having deter- 
mined the best conditions for an analytical method based on this 
reaction, it was soon apparent by its employment that the per- 
centage of indican in the leaf was greater than that predicted by 
the persulphate process (J. Soc. Chem. Ind., 1907, 26, 4). It was 
now necessary to ascertain if this “isatin’”’ method of analysis was 
in reality of a quantitative character, for which purpose crystalline 
indican was required, and after laborious experiment, and with the 
aid of leaf procured in bulk from India, a new and simple process 
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was devised by which nearly a kilo. of this hitherto rare material 
was eventually prepared (T., 1907, 91, 1715). Accordingly, it was 
not only possible to say, for the first time, that the plants now 
generally employed in India contained the indican of the Dutch 
chemists, but also that indirubin could be produced from it in 
quantitative amount by means of the isatin reaction. Unfortu- 
nately, the result of these labours, in which he had largely shared, 
were far from cordially received in India, in spite of the fact that 
they pointed to a hitherto unsuspected margin for improvement in 
the manufacture. Having perfected these analytical processes, 
attention was next directed to the behaviour of pure indican when 
hydrolysed by means of the enzyme under conditions as similar as 
possible to those in vogue with the plant in the actual industry. 
Numerous interesting points were thus elucidated (T., 1909, 95, 
824), the most important being that indoxy] readily suffers “decay” 
with formation of valueless by-products, and that by air-oxidation 
under ordinary conditions the yield of indigotin is far from quanti- 
tative. Measures could, however, be adopted which in the main 
remedied these defects. 

Finally, among work with which Bloxam was connected, mention 
may be made of the examination of indigo brown (T., 1907, 91, 
279), and of a new method for the estimation of indirubin in 
natural indigo, the latter (ibid., 1910, 97, 1460) being carried out 
in part in London. Bloxam was a slow and painstaking worker, 
almost unnecessarily careful to avoid error, and it was a matter of 
keen disappointment to him that, after all his trouble, his results 
were so little appreciated in India. That the experimental work 
embodied in his final Report to the Government of India (1905— 
1907) is sound admits of little doubt, and there is now reason to 
hope that the time is not far distant when this will receive the 
attention it so well deserves. 

Shortly after his removal from Leeds, Bloxam took up the duties 
of scientific adviser to the Sulphate of Ammonia Committee, a post 
in which his knowledge of agricultural chemistry stood him in good 
stead, but more latterly, his health not being satisfactory, difficul- 
ties arose, which ultimately forced him to abandon this position. 
A few months later he was seized by paralysis, from which he never 
rallied, and his death took place on December 26th, 1913. Bloxam 
possessed a great fund of humour and a stock of anecdote which 
was almost unexhaustible, and his cheery, optimistic manner will 
long be remembered. He was naturally outspoken, which at times, 
no doubt, caused him to be misunderstood ; but among his intimate 
friends this came to be regarded as part and parcel of the man, 
who possessed, in reality, a charming disposition, and was full of 
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kindly thought for others. Bloxam was a B.Sc. of London Uni- 
versity, a Fellow of the Institute of Chemistry, and joined the 
Chemical Society in 1883. His wife and two daughters survive 


him. 
A. G. PERKIN. 


HARRY BURROWS. 
Born SepreMBER 8TH, 1871; Diep Marcu 151, 1914. 


Tue death of Dr. Harry Burrows at the comparatively early age 
of forty-two is a severe loss to many personal friends, and especially 
to his students and colleagues at the Sir John Cass Technical 
Institute, with which he had been associated for the past ten 
years. He was taken ill early in January with intestinal toxemia, 
and, despite some intervals of hopeful improvement, succumbed 
after many weeks of continued illness. 

Burrows commenced his vocational training at the School of the 
Pharmaceutical Society, and studied subsequently at the Royal 
College of Science under Sir William Tilden, where he obtained 
the Associateship of the College in 1897, and was awarded the 
“Frank Hatton” prize for Chemistry in the Final Examination. 
He then proceeded to Heidelberg University, where he worked for 
three years under Professor Auwers, and carried out a research 
on the constitution of the heptabromo-derivative of xylenol, which 
was embodied in his thesis for the degree of Ph.D. On his return 
from Germany, in 1901, he was awarded a scholarship in the 
Research Laboratory of the Royal College of Science, under Sir 
William’ Tilden, with whom he commenced a course of investiga- 
tions on the constitution of limettin and of pinene, the results of 
which were published in the Transactions of the Society. In 1900 
he obtained the Fellowship of the Institute of Chemistry. From 
1902 to 1904 he held the position of Demonstrator of Chemistry 
at the Royal College of Science, and was then appointed on the 
staff of the Chemistry Department of the Sir John Cass Technical 
Institute, first as an Assistant Lecturer in Chemistry, and sub- 
sequently as Senior Lecturer in the Department. During this 
period he contributed a joint paper to the Journal of this Society 
on some condensation products of diethylmalonamide, and one to 
that of the Society of Chemical Industry on an apparatus for the 
automatic estimation of carbon dioxide. 

Burrows was a man of marked scientific ability, with an excep- 
tionally wide knowledge of his subject, and had his health per- 
mitted he would undoubtedly have contributed a greater share to 
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the advancement of Chemistry. As a teacher he was most 
successful, and possessed the gift of imparting his knowledge to 
others with stimulating interest, with the result that he was 
deservedly popular with his students, who never went to him in 
vain for guidance and direction in their work. 

CHarLes A. KEANE. 


JAMES TUDOR CUNDALL. 
Born 1865; Diep Jury 241u, 1913. 


James Tupor CunDALL was born at Redlands, Bristol, in 1865; his 
father, James Cundall, was an accountant in Bristol. He was the 
youngest of five children; after receiving his early education at 
Mr. Roger’s Preparatory School, he entered as a “‘day-boy” at 
Clifton College, where he came under the influence of Mr. 
Wollaston, who had charge of the day-boys, and who took great 
interest in science, especially geology; Mr. Worthington was then 
Physics Master, and Mr. Shenstone was responsible for chemical 
teaching. On leaving Clifton College, he entered as a student in 
University College, Bristol, now the University; his teachers there 
were Professors Hele Shaw, Silvanus Thompson, and Ramsay. 

Mr. Cundall had scientific tastes; he was the author of a little 
book entitled “The Everyday Book of Natural History”; his 
son James’s inclinations towards science appear to have been 
inherited. 

Cundall was an excellent student; Shenstone had the power, not 
only of training his pupils in a knowledge of facts, but of stimu- 
lating them to realise that even for a schoolboy it was possible to 
add to knowledge; hence Cundall met with little difficulty during 
his early years of study. In 1883 he collaborated with the author 
of this memoir in a research on the oxides of nitrogen, and the 
Transactions of the Society contain two joint papers on this sub- 
ject. Shortly after taking his degree in the University of London, 
he obtained the position of assistant to his former teacher, Shen- 
stone; and while at Clifton College he collaborated with his chief 
in work on ozone, on which two papers were published, and on the 
effect of temperature on the solubility of calcium sulphate and 
calcium hydroxide. 

On leaving Clifton in 1887, he became assistant to Professor 
Claude Thompson in University College, Cardiff; they published a 
joint paper on the action of potassium on tetralkylammonium 
iodides. There he stayed until 1890; in that year, the Rector of 
the Edinburgh Academy, Mr. Mackenzie, himself a Clifton College 
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man, appointed Cundall to the Mastership of Chemistry in the 
school, no doubt influenced by Shenstone’s accounts of his 
enthusiasm and originality. The Directors of the Academy then 
made a new departure; they announced the proposed erection of 
a “first-class laboratory and lecture-room, this new department 
to be in the hands of Mr. J. Tudor Cundall, in whose distinguished 
record, both as student and teacher, the Directors find ample 
guarantees that his work will be thoroughly performed.” Their 
prediction was fulfilled to the letter. 

Before leaving Cardiff, Cundall had published two notes, one 
on a zine mineral, the other on the production of ozone by flames. 
Cundall’s immediate duties in the Academy were onerous; he had 
to superintend the erection and fitting up of the new laboratory, 
and to organise a course of science teaching. But even with these 
heavy pieces of work, he found time to finish an investigation 
which had occupied his attention for some years, namely, the dis- 
sociation of liquid nitrogen peroxide. This was the first case in 
which it had been proved that a dissociable liquid is influenced by 
dilution in the same manner as a gas which dissociates with altera- 
tion of volume has the amount of its dissociation altered by change 
of pressure. A further extension of this work, published in 1895, 
dealt with the influence of the diluent on the amount of dissociation. 

By the end of his third session in Edinburgh he had elaborated 
a science course for boys, to the excellence of which his small 
book, “Experiments and Exercises in Physics,’ in no small 
measure contributed. He had no leanings towards the tendency 
to precocious juvenile research, believing that it often led to 
impatience of systematic work. In 1896 he founded a School 
Scientific Society, in which he took great interest; it was origin- 
ally limited to thirty members, and belonging to its ranks was 
regarded as an honour to be worked for. At its annual “at 
homes” he succeeded in securing eminent men as lecturers, and 
thus in stimulating the members. 

New science buildings became essential in 1908, for the classes 
grew in size from year to year, and the task of organisation became 
heavier. Cundall was an excellent disciplinarian, and his perfect 
command of language suitable for various offences rendered 
corporal punishment quite unnecessary. Yet his patience with the 
less aggressive type of his class was extraordinary, and his efforts 
to be clear to their understanding were unceasing. 

In 1902 he was elected a Fellow of the Institute of Chemistry, 
for he found that some of his pupils aspired to belong to that 
body. 


For some years it was noticeable that he spoke with a husky 
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voice; this gradually grew worse, and he was with difficulty per- 
suaded to see a specialist. An immediate operation was pronounced 
to be necessary; this was performed, but was unsuccessful, and on 
July 24th, 1913, he passed away. 

Cundall belonged to that small class of schoolmasters who 
originate and carry out research, in spite of constant demands on 
their energy; such men are of almost incalculable value in further- 
ing the progress of science, for many of our most distinguished 
men of science remember with grateful hearts what they owe to 
their early school instructors. W. R. 


ROBERT KENNEDY DUNCAN. 
Born NovemsBer Ist, 1868; Diep Fresruary 197rn, 1914. 


Rosert KENNEDY Duncan was born in Brantford, Ontario, 
Canada, on November Ist, 1868. He took the degree of B.A. in 
the University of Toronto in 1892; he then obtained a Fellowship 
in Clark University; and he graduated in 1897 as Ph.D. in 
Columbia University, New York. Three years were then spent in 
school teaching; in 1900 he was elected to the Chemical Chair in 
Washington and Jefferson University, and paid several visits to 
Europe to study the educational methods of European universities. 
In 1907, then occupying the Chemical Chair at the University of 
Kansas, he conceived a system of chemical scholarships; these were 
bestowed by commercial firms on students who undertook to engage 
in researches in the University which should have a bearing on 
the manufacture carried on by the firm. In 1910 he had carried 
with him his scheme to the University of Pittsburg; his work, 
designed to bring scientific and industrial chemistry into close 
touch, was liberally endowed by the Mellon family, of Pittsburg. 
The department is housed in a large building of white granite, 
and there are more than thirty Fellows at work. His title was 
Director of Industrial Research. Professor Duncan was the 
author of several books; one, ‘The New Knowledge,” gave in a 
popular form the early history of the discovery of radioactive 
substances; another of his works describes at some length the 
organisation and scope of his system of industrial fellowships. 
He died on February 19th, after a short illness. He is survived 
by his wife and one daughter. 

Although Duncan published little research work, his name will 
live among American chemists for his energy and enthusiasm in 
the interests of the application of scientific chemistry to industry. 
He was an attractive personality—a man with a mission; and he 
lived long enough to see success crowning his efforts. W. R. 
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JOHN GIBSON. 
Born May 131, 1855; Drep JANUARY Ist, 1914. 


JoHun GiBson was born in Edinburgh, and educated at Edin- 
burgh Academy. He afterwards studied Chemistry at Heidelberg 
under Bunsen, Kirchhoff, Kopp, and others, working for five con- 
secutive sessions in Bunsen’s laboratory, and graduating in 1876 
as Doctor of Philosophy. 

On returning to Edinburgh, he became assistant under Pro- 
fessor Crum Brown, later on, in 1881, being appointed chief 
assistant in the laboratory, where he taught for eleven years. In 
1892 he was appointed Professor of Chemistry in the Heriot-Watt 
College, a post which he held up to the day of his death. 

Gibson was, above all things, an analyst. He seems to have 
developed his original interest in chemical analysis under Bunsen, 
and to the end of his life he remained in the very first rank of 
analysts, and always regarded that part of the adie in the 
department as of the utmost importance. 

As an example of his capacity for analytical wasn, we cannot 
do better than take his report on “An analytical examination of 
manganese nodules, with special reference to the presence or 
absence of the rarer elements,’ which was published in the 
“Challenger” Reports—‘‘Deep Sea Deposits,” in 1891, and in- 
volved an original research in analytical methods. All those who 
had the good fortune to be students under him have benefited by 
his enthusiastic appreciation for, and exact knowledge of, analytical 
methods. 

While in Edinburgh University Gibson carried out a large 
number of observations for the Fishery Board on the composition 
of sea waters, more especially in the North Sea, and he also made 
an investigation into some of the rare earths. Years of investiga- 
tion were devoted to the study of these rare earths, and the 
separation of pure salts from them. Unfortunately, all that ever 
was published on this subject was a short. paper on glucinum in 
the Transactions of the Chemical Society, 1893. 

Gibson always approached the problem of publication with great 
unwillingness. When once he completed a research, his interest 
carried him on to fresh investigations, and it was with great 
difficulty that he could be persuaded to put pen to paper with a 
view to publication. As a consequence of this, many valuable 
researches have been lost to science, and this is especially the case 
in connexion with glucinum, cerium, lanthanum, and didymium. 
Large quantities of the minerals were worked up, pure salts pre- 
pared, and much work was done, which has no doubt since been 
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confirmed by others, although it may be questioned whether even 
now all Gibson’s results have been re-established. 

About the time when the paper on glucinum was published, 
Gibson started some experiments on the effects of light on such 
changes as the conversion of chlorine water into hydrochloric acid, 
the resulting observations being published in a short paper on 
“Photochemical action” in the Proceedings of the Royal Society 
of Edinburgh in February, 1897. This was followed by a short 
paper, “A preliminary note on a characteristic of certain chemical 
reactions” (Proc. Roy. Soc. Hdin., 1898, 22, 33). The origin of 
these papers was as follows: In studying the action of light on these 
mixtures, Gibson discovered the fact that the amount of change 
depended on whether the final result of the reaction was to increase 
the electrical conductivity of the solution as a whole or to diminish 
it, there being a tendency for any such solution to move in the 
direction of increased electrical conductivity. This led him further 
to investigate the question as to how far other reactions, apart 
from those caused by light, were influenced by these conditions. 

No particular physical value had been, so far, associated with 
the electrical conductivity of a system as a whole, and the whole 
direction of research was proceeding towards experiments on very 
dilute solutions, with a view to the application of the laws laid 
down by van’t Hoff, Arrhenius, Kohlrausch, and Nernst to the 
problems of electrochemistry. It was probably for this reason 
that more attention was not directed to the very interesting results 
obtained by Gibson in this direction. 

In the preliminary paper to which I have referred, he gives 
examples of the law that many chemical reactions are governed by 
the tendency of a solution to develop a state of maximum con- 
ductivity in the system, these examples being: the dehydration 
by hydrochloric acid of hydrated cobaltous chloride; the dehydra- 
tion of sugar by sulphuric acid ; the reduction of chromic anhydride 
by hydrochloric acid ; the oxidation of hydrogen iodide by sulphuric 
acid; and the oxidation of nitric oxide by nitric acid. 

In order to carry these investigations further, he decided to re- 
determine the conductivity curves of some of the best known acids 
and salts, and devoted a great deal of time and labour to these 
measurements, with the result that there can be no doubt that 
the most exact conductivity curves that we have for hydriodic, 
hydrobromic, and hydrochloric acids, and ammonium bromide, 
lithium bromide, and sodium bromide, are those determined by 
Gibson; whilst for these experiments he devised his electrically 
controlled thermostat, which is a very perfect instrument of its 
kind. 
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The main interest of his work, however, remains as before the 
study of the relation between maximum conductivity and certain 
types of chemical change. He showed, for instance, the close 
relation between this and the precipitation of salts from solution 
by hydrochloric acid; the behaviour of aqueous solutions of 
hydrogen chloride towards dissolved oxygen and dissolved chlorine 
respectively ; the oxidation of hydrogen chloride in aqueous solution 
by chromic acid; the action of hydrochloric acid as an esterifying 
agent; and the action of hydrogen chloride on acetaldehyde, aldol, 
and crotonaldehyde, and of hydrochloric acid on cobalt chloride. 
In addition, he investigated the decomposition of aqueous solu- 
tions of hydrogen iodide ; the behaviour of nitric acid when exposed 
to light; and, in more detail, the action of sulphuric acid on 
sucrose and on formic acid. In all these cases he proved quite 
definitely that the limit to which the reaction was carried was 
fixed by the point at which the system as a whole reached its 
maximum conductivity, and that many reactions were reversed on 
each side of this maximum conductivity point, proceeding in 
opposite directions when once the maximum of the curve had been 
passed. 

It is, of course, evident that there are a large number of reactions 
which are not governed by this condition, and this is one of the 
reasons why for many years Gibson hesitated to publish his results, 
as he wished to get some definite law by which he could distinguish 
between reactions which were governed by the maximum conduc- 
tivity and those that were not. 

It is probably safe to say from his results that all chemical 
systems which are electrolytes tend towards the point of maximum 
conductivity, although there may be other forces at work which 
are sufficiently powerful to conceal this tendency ; but whenever we 
are dealing with balanced reactions in which a very small change 
of conditions will make the reaction proceed the other way, we 
find the maximum conductivity of the system is the governing 
condition. There can be no doubt that we have therefore to look 
for the widest application of this principle when dealing with 
plant and animal life, where we have such a delicate balance 
constantly occurring between two possible directions of chemical 
change. 

Gibson has shown the application of his theory to the change 
from sugar to starch, and again from starch to sugar, in the leaf 
of the plant, and he also made a considerable number of experi- 
ments—which, unfortunately, will now never be published—on the 
influence on enzymatic reactions of the same condition. His ex- 
periments on mustard powder and on crushed bitter almonds have 
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already been published in the paper on “The significance of 
maximum specific electrical conductivity in chemistry” (Trans. 
Roy. Soc. Edin., 48, Part I, No. 6). These will be found well 
worthy of study by those who are interested in plant chemistry 
and in enzymatic changes. In fact, I think it is certainly open 
to question whether one of the controlling conditions of enzymatic 
reactions will not be found to be the nature of the mineral salts 
that are present, and the amount of dilution or concentration re- 
quired to bring the solution of the salt to its maximum con- 
ductivity point. 

Gibson had just completed the fitting up of the new laboratories 
at the Heriot-Watt College, and had only entered into possession 
of them for a couple of months, when his death occurred. In 
earlier years he had assisted Professor Crum Brown in the plans 
for the new chemical laboratories at Edinburgh University. 
Laboratory equipment had always been a special hobby of his, and 
he threw himself into the work of preparing the new laboratories 
at the Heriot-Watt College with the greatest enthusiasm and with 
the greatest success. 

It was a peculiarly hard stroke of fate that he should have had 
the opportunity of enjoying for so short a time these laboratories 
in which he had taken so great an interest, and to the completion 


of which he had for so long looked forward. 
A. P. Laurir. 


SIR WALTER NOEL HARTLEY. 
Born Fepruary 3rpD, 1846; Diep SepremBer 117TH, 1913. 


WaLTtER Nort Hartitey was born at Lichfield on February 3rd, 
1846. His father, Thomas Hartley, was a portrait painter, some 
of whose works are in the collection of works by Yorkshire artists 
at the York Museum, and his mother’s maiden name was Caroline 
Lockwood. 

He was educated privately, and in 1863 he went to the Edin- 
burgh University with the intention of studying medicine. With 
this object he attended the usual first year’s classes, including 
chemistry under Prof. Lyon Playfair, whose laboratory he also 
attended. Here he made the acquaintance of the late Dr. Arthur 
Gamgee, who advised him to devote himself entirely to chemistry. 
This suggestion he adopted, and in later years he often expressed 
to me his gratitude for the interest which Gamgee took and the 
influence which he exercised over his early studies. It was doubt- 
less under Gamgee’s advice that he determined to go abroad to 
continue his studies in one of the numerous German laboratories 
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which were already famous. Consequently, his stay at Edinburgh 
did not extend beyond one year. 

In the autumn of 1864 Hartley went to Germany, with the 
intention of working in Bunsen’s laboratory. Unfortunately, when 
he arrived at Heidelberg, he found that every place in the labora- 
tory was already occupied. In these circumstances, he consulted 
Bunsen as to what he should do, and was recommended by him to 
Kolbe, his successor in the Chair of Chemistry at Marburg. Here 
he spent the winter of 1864—5, and it was as his fellow-student 
in Kolbe’s laboratory in the summer session of 1865 that I made 
his acquaintance, which ripened into a lifelong friendship. In 
later years we frequently looked back on the days spent in Mar- 
burg as an opportunity of knowing, by living and working in it, 
the conditions of student life as it had been for generations in a 
small German university. 

The picturesque little town of Marburg had, in 1865, a popula- 
tion of about 7500 inhabitants, and the University numbered no 
more than 200 students. 

According to Minerva of 1913, in the summer session of 1912 
the students numbered 2238, including 129 women. It would be 
difficult to express more shortly or more clearly than by these 
figures the change of conditions which has taken place in less than 
half a century and in the lifetime of one man. 

To spend a year at the student age working in a laboratory 
rendered famous by the names of Bunsen and Kolbe, and in such 
picturesque and old-world surroundings, appealed to Hartley’s 
scientific and artistic tastes in a way that nothing else could. In 
our intercourse, Marburg memories never lost their freshness. In 
contrast to the town, Kolbe’s laboratory was almost cosmopolitan. 
In the summer of 1865 there worked in it four British subjects, 
four Russians, including Menschutkin, afterwards professor in 
Petersburg, and Saytseff, professor in Kasan, besides other nation- 
alities, so that not more than one-half of the students were of 
German nationality. Kolbe did not interest himself in his students 
outside of their work, but in it he was painstaking, and always 
illuminating. His somewhat stiff appearance and manner were 
most conspicuous in his lectures, delivered with all the crisp pre- 
cision of his Hanoverian pronunciation. He was called to Leipzig 
in the autumn of 1865, and within a year afterwards Kurhessen 
had ceased to exist, and Marburg was no longer a Landes- 
Universitat. 

After returning to England, Hartley filled several different 
posts. He was for some time assistant to Dr. Angus Smith in 
Manchester, and the experience which he gained there bore fruit 
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in his later work on ventilation and sanitation. He was also for 
some time assistant to Dr. Thudicum when he was occupied with 
the investigation of wines. In connexion with this work, he be- 
came an enthusiastic student of Pasteur’s researches, which were 
only then beginning to attract general attention out of France. 
Afterwards he was assistant to Prof. Odling at the Royal Institu- 
tion, and to the time which he spent there he always looked back 
as the happiest period of his life. It was here that he did his first 
great experimental research. For it he had been well prepared by 
his work on wine in Thudicum’s laboratory and his reading in con- 
nexion with it. At the Royal Institution, in constant association 
with so inspiring a personality as Dr, Odling, and under the same 
roof with Tyndall elaborating his work and delivering his lectures 
on Dust and Disease, he found himself in the environment most 
favourable for the production of a masterpiece like his “ Experi- 
ments concerning the evolution of life from lifeless matter,’ which 
published in Nature of June 30th, 1870, entitled “Facts and 
published in its Proceedings (1872, 20, 140). 

This investigation was undertaken in order to test the validity 
of the conclusion arrived at by Dr. Charlton Bastian in a paper 
published in Nature of June 30th, 1870, entitled “Facts and 
reasonings concerning the heterogeneous evolution of living things.” 

According to Hartley, the most remarkable case described in 
this paper was that of experiment 19, in which Bastian gave a 
drawing of a large organised mass obtained from a solution of 
sodium phosphate and ammonium tartrate, which had been exposed 
to a temperature varying between 146° and 153° for four hours. 
This organism was seen to grow within the flask until it attained a 
certain size, beyond which it did not increase. Hartley proceeds: 
“Now a fact so distinctly stated as the production of an organism, 
and its development to a considerable size, from a liquid contain- 
ing nothing further than phosphate of soda and tartrate of 
ammonia, in a flask from which the air had been most thoroughly 
withdrawn, and which, when containing the liquid and hermetically 
sealed, had been heated to so high a temperature, was (admitting 
the conditions and performance of the experiments to be faultless) 
an absolute proof of the evolution of living matter de novo. For 
my own satisfaction I determined to commence a series of careful 
experiments, in some cases adhering strictly to the conditions of 
those made by Dr. Bastian; but it was necessary to devise some 
refinement on the mode of examining the liquids experimented on 
without exposure to atmospheric air.”’ 

In this research Hartley showed, perhaps for the first time, his 
extraordinary resources as an experimenter, which became after- 
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wards so well known. In those days the experimenter had to 
make all his own apparatus, and this paper is worthy of being read 
for the clever way in which the innumerable difficulties to be met 
with in such an investigation were overcome. It will be sufficient 
here to refer to his use of hydrogen gas as a sterile atmosphere, in 
which he transferred the liquids from the heated tubes to the slides ° 
for microscopic examination. 

The tubes containing sodium phosphate and ammonium tartrate 
were heated for a number of hours to temperatures lying between 
110° and 150°. They were then kept unopened at temperatures 
ranging from 24° to 34°, for different intervals of time ranging 
from two months to a year, without any form of life being visible 
in their contents. After opening the tubes and transferring some 
of their contents in the sterilised atmosphere to the plates, nothing 
living was discovered. When the liquids, after prolonged preserva- 
tion in sealed tubes, were exposed to air filtered through cotton 
wool and kept at a temperature of 30° to 34° during the day- 
time, and not below 24° at night, they remained quite unaltered, 
although kept for more than a month. When, however, the 
liquids, which after prolonged keeping without development of life, 
were afterwards exposed to ordinary air at a temperature ranging 
between 24° and 34°, they rapidly became turbid and full of 
living organisms. 

Although Hartley thus showed that when he repeated Bastian’s 
experiments, taking those precautions which his experience and 
study taught him were necessary to exclude all contamination by 
the atmosphere, no living organisms appeared, and that when these 
lifeless liquids were allowed to come in contact with unfiltered air, 
living organisms quickly appeared and multiplied, this did not 
prove that the organisms which appeared in Bastian’s tubes were 
not spontaneously evolved in them, because, in logic, it is impossible 
to prove a universal negative; but it did raise the question: Is it 
less likely that Bastian was not quite successful in completely pro- 
tecting his solutions from contact with the air, admittedly a 
difficult experimental operation, than that living organisms were 
generated in a sterile liquid by some power or process which is not 
specified ? 

Considered simply as a question of probability, the chance of 
the accidental contamination of the contents of the tubes by air 
is so much greater than that of the production of life out of lifeless 
matter, which had never before been observed, that it must be 
accepted as equivalent almost to a certainty. The publication of 
this paper was delayed for nearly a year by a very serious illness, 
to which Hartley nearly succumbed. 
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In the year 1871 Hartley became Senior Demonstrator in the 
laboratory of King’s College, London, under Prof. Bloxam, where 
he remained until 1879, when he was made Professor of Chemistry 
in the Royal College of Science, Dublin. In 1882 he married Mary 
Laffan, the well-known writer of Irish fiction, and daughter of the 
late Michael Laffan, of Blackrock, co. Dublin. Among her most 
successful books may be cited “Hogan, M.P.,” and “ Flitters, 
Tatters, and the Councillor.” He remained in Dublin until he 
was retired under the age limit, when he received the honour of 
Knighthood. While at King’s College he did much important 
original work, including his remarkable researches on the fluid 
cavities in minerals, in which he was the first to utilise Andrews’ 
discovery of the critical point of gases for the determination of the 
nature of the liquids found in even microscopic cavities. The 
experimental method which he devised for this purpose was, as all 
his methods were, simple, ingenious, and effective. 

It was when he had finished this work, and while still at King’s 
College, that he began in earnest the spectrographic studies which 
lie pursued to the very end, and by which he is principally known.* 

The value attached abroad to his work in this field is well shown 
by the invitation extended to him by Prof. Kayser, of Bonn, to 
write the part relating to absorption spectra in his well-known 
“Handbuch der Spectroscopie,” 1905. In the preface to the third 
volume he writes: ‘Das dritte Kapitel danke ich Prof. W. N. 
Hartley in Dublin der mehr als alle iibrigen Forscher zusammen 
iiber die Frage des Zusammenhanges zwischen Constitution und 
Absorption gearbeitet hat, und der mir daher in erster Linie 
berufen schien eine zusammenfassende Darstellung zu geben, etc.” 
If Hartley’s work had been confined to absorption spectra, this 
would be sufficient testimony to its value for the present purpose ; 
but this was only one part of his spectroscopic work, and, though 
important, perhaps not the most important part of it. I am 
indebted to Dr. W. E. Adeney, who was so intimately associated 
with Hartley, for a summary of his spectrographic work in general. 
It is taken from the report submitted by Dr. Adeney to the Senate 
of the Royal University of Ireland in support of a motion to confer 
on him the degree of D.Sc. honoris causa. 

“Prof. Hartley discovered a method by which, with unachroma- 
tised lenses, he was able to photograph entire spectra on a single 

* It is more than probable that the finding of several pieces of the apparatus used 
at an earlier date in similar work by Dr. William Allen Millar finally directed 
Hartley’s mind towards this line of research. Some of this earlier photographic 
apparatus he actually employed in his first experiments at King’s College, and it was 
when there that he got his first grant from the Royal Society for the purpose of the 
luvestigation. 
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plate, including red rays and those far in the ultra-violet. He 
was the first to apply dry-plate photography to the purposes of 
studying spectra in 1877. During the succeeding twenty years he 
carried out a series of researches establishing the relationship 
between the molecular structure of carbon compounds and their 
absorption spectra. He has applied the knowledge thus acquired 
to determining the molecular constitution of complex organic sub- 
stances, the identification of poisonous alkaloids, an important 
matter in medico-legal analysis, and to the solution of various 
difficult and abstruse problems in the subject of organic chemistry. 

“He demonstrated the physical relationship of such derivatives 
of coal tar as benzene and naphthalene to the brilliant dyes which 
are derived from them, and explained that the former substances, 
which to the human eye are colourless, are in reality coloured, but 
the vibrations are so rapid that the eye cannot perceive them, 
though by retarding the vibrations visible colour is developed. 
Hence we have colours visible and invisible. He has explained the 
cause of the absorption spectra of organic bodies to be due to their 
moleeular and intramolecular vibrations, and has calculated from 
the velocity of light the mean rates of vibration of the molecules 
of benzene, naphthalene, and anthracene. He has studied the 
absorption spectra of the different constituents of the atmosphere, 
and shown that the abrupt limitations of the sun’s spectrum, which 
is short as compared with that of electric light, can be caused by 
no other constituent of the atmosphere than ozone, which exerts 
an extraordinary absorptional power on the ultra-violet rays. 

“He was the first to show, in 1883, the inter-relationship of the 
spectra of the elements, when classified according to the periodic 
law; and by the discovery that the spectra of magnesium, zinc, and 
cadmium are the result of three series of harmonic vibrations with 
similar intervals, the fundamental vibrations of which differ only 
in pitch, he was the first to recognise the law of homologues in the 
spectra of the elements. This law was recognised independently 
in 1885 by Prof. J. R. Rydberg, of Stockholm, and has since been 
elaborately studied by him and by Profs. Kayser and Runge. 

“Prof. Hartley’s facts pointed to the conclusion that metallic 
elements, having certain chemical properties in common and whose 
atomic weights differ by approximately constant quantities, and 
whose spectra are similarly constituted, are molecules of the same 
kind of matter, but in different states of condensation. 

“He applied his observations to deciding the question as to the 
true position of the metal beryllium in the classification of the 
elements. In association with some of his students he carried out 
a series of original investigations on the spectra of some thirty of 
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the elements and amongst the wave-lengths of the spark spectra, 
which he published in conjunction with Dr. W. E. Adeney, are 
those of the lines due to air, which are of such importance in all 
spark-spectra observations. He devised simple and extremely 
delicate methods of analysis which have led to the discovery of the 
wide distribution of several rare substances and of their mode of 
occurrence in minute proportions in a large number of common 
ores and minerals, in meteorites and metallurgical materials and 
products. He was the first to discover the presence of the rare 
earth yttria in any British mineral. 

“By exact investigations on the spectra of the flame seen in the 
manufacture of steel by the Bessemer process, he has shown that 
the metals iron and manganese are largely vaporised in the opera- 
tion, which is evidence of the very high temperature attained. 
He took several series of photographs of spectra during intervals 
of half a minute during the entire course of the process, and ex- 
plained, from a study of them, the thermochemistry of the changes 
brought about in the refining of iron. 

“He has applied the study of the spectra of starch, sugars, and 
the albuminoids from grain to the decision of questions connected 
with the industries of brewing and distilling. 

“The work executed by Prof. Hartley and Mr. Ramage with 
the great spectrometer of the Royal University, namely, the proof 
of the existence of gallium in the sun, has recently been confirmed 
in the United States by Prof. Rowland, of Baltimore.” * 


* In supplement of the above report by Dr. Adeney the following notes 
regarding later work have been kindly supplied by Dr. James J. Dobbie, F.R.S. :— 

“In 1898 Hartley commenced a study of the relation between the spectra and 
constitution of tautomeric substances in conjunction with James J. Dobbie. Isatin 
and carbostyril were first selected for investigation. Each of these bodies gives rise 
to two stable methyl derivatives, one of which had been proved by satisfactory 
chemical evidence to possess the ‘lactam,’ and the other the ‘lactime’ constitution. 
The constitution of isatin and carbostyril themselves, however, had not been 
determined with certainty, the chemical evidence pointing partly in one direction, 
partly in the other. By comparing the absorption spectra of the parent substances 
with those of their methyl derivatives it was at once obvious that they were 
practically identically with the spectra of the derivatives to which the lactam 
constitution had been assigned, viz. methyl-pseudo-isatin and methyl-pseudo- 
carbostyril. Convincing evidence was thus afforded that isatin and carbostyril are 
themselves lactams and not lactimes. This method of investigation was afterwards 
applied to a large number of substances, including the ethyl esters of dibenzoyl- 
succinic acid, o-hydroxycarbanil, and phloroglucinol, and has proved a valuable aid 
to the chemist in the study of the obscure phenomena of tautomerism. It possesses 
the great advantage over the usual chemical methods of attacking constitutional 
problems, that the possibility of molecular rearrangement occurring during the 
examination is practically excluded. 

‘In the course of these investigations the optical isomerides benzanti- and 
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I am much indebted to Messrs. Adeney and Dobbie for supply- 
ing these notes; it would have been outside my competence to do so. 

The bulk of Hartley’s spectroscopic work was done after he 
went to Dublin in 1879, and from that time onwards I saw him 
only in the holidays. From 1878 to 1881 I was fortunate in 
usually getting him to spend part of the summer with me while 
carrying out sounding and dredging operations in the steam yacht 
“Mallard,” which I had built after the return of the ‘“ Challenger ” 
for the study of the Scottish seas. 

During the voyage of the “Challenger,” Hartley was my only 
regular correspondent outside of my family, and he hardly ever 
missed a mail. In August, 1913, while at Braemar for his health, 


I had to make the voyage to the Cape for my own health, and I. 


asked him to let me have a letter from him when at the Cape as 
a remembrance of old times. I got the letter, cheerful and 
hopeful; but, before I received it, he was no more. 

During the long summer days on the West Coast of Scotland he 
interested himself much in my work, and was entertaining as well 
as instructive when talking of his own work. His many-sidedness 
made him a particularly interesting companion. 

It was during one of these cruises that he told me about his 
experiments with chlorophyll and its absorption spectrum. During 
the expedition of the ‘‘ Dacia” in 1883, I obtained from one of the 
“oceanic shoals,” the discovery of which marked a change of view 
and or practice in deep-sea sounding, fragments of shell and 
calcareous rock, coloured green, and, when preserved in spirit, the 
green colouring matter transferred itself to the spirit and coloured 
it green. On my return home I sent the spirit to Hartley, thinking 
it would interest him. He examined it spectroscopically, and found 
that the colouring matter was chlorophyll. He then experimented 
on some spirit rendered purple by the colouring matter of Holo- 
thurians from great depths, and found that this also was a variety 
of chlorophyll. 

This was a most important discovery of Hartley’s, for which he 
has not received sufficient credit. It at once explained the colour 
of the band of green water found on the western oceanic shores 
of continents in tropical regions, where the water is abnormally 
cold and generally of an intensely green colour. The low tempera- 
ture and the green colour are characteristic of the abyssmal water, 
which in these regions rises to the surface, in order to make good 
benzeyn-aldoxime were examined and found to possess the same absorption spectra. 
This observation has proved to be of considerable practical value, especially in the 
investigation of alkaloids, as it provides a ready means of deciding whether two 


alkaloids having the same composition and molecular weight are structural or 
optical isomerides.” 
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the drain of warm surface water, removed by the Trade winds 
blowing off shore. 

Of equal importance with his work on absorption spectra was 
that on the spectra of the elements in the oxyhydrogen blowpipe 
and its application to the study of the Bessemer flame. The 
importance of the latter was very far-reaching. In all his experi- 
mental work the primary interest for Hartley was the trustworthi- 
ness of his methods and the exactness of his results. But there 
were interests for him beyond these. All that he did was illu- 
minated by his inherited artistic feeling and by his conception of 
the place which the results of his work would take in general 
Natural History. Hartley was a follower of Lord Kelvin, who 
always used to call himself a Naturalist. He held that Inorganic 
Natural History is as extensive and as important as Organic 
Natural History. The importance of his Bessemer work for 
Natural History was fixed in my memory by the picturesque 
account which he gave of a day’s excursion from Malvern, where 
he was staying for the benefit of his health. 

The weather being fine and clear, he walked up to the high 
ground in the neighbourhood, whence there was an uninterrupted 
view in the direction of the great centres of the Midland steel 
industry. There he sat down and waited until, from his familiarity 
with the routine in such works, he knew -that the ‘“ Bessemer blow ” 
would be started. Then one metallic eruption after another 
appeared on the horizon, each forming its own “pillar of cloud,” 
which gradually drifted over the plain, getting thinner as it spread 
out, and shedding by degrees its metallic contents over the surface 
of the ground. His graphic description of this scene made a great 
impression on me, and it furnished a fresh illustration of how mani- 
fold are the ways in which strange matter can be distributed over 
the surface of the earth. 

Incidents such as these show how informing Hartley was in 
ordinary intercourse, especially when artistic influences made them- 
selves felt. He was very reserved, and this was perhaps due to a 
slight deafness, which troubled him all his life. Though reserved, 
he was full of human sympathy, and never forgot any act of kind- 
ness in others. 

Although hampered all his life by frail health and by none too 
easy circumstances, he turned out an amount of first-rate work that 
the most robust might be proud of. He was a rapid worker. 
Helped largely by his keen insight and full knowledge, he obtained 
results from which he deduced accurate conclusions without loss 
of time over minute details. It will be some time before all his 
work has been completely assimilated by science. In 1906 he 
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received the Longstaff medal from the Chemical Society, in recogni- 
tion of the great value of his scientific work. 

With his retirement from the active duties of his professorship 
his experimental work ceased, and at the same time his health 
became more and more uncertain. For this he tried various 
changes of scene, but without much success. Finally, in the 
summer of 1913, he went to the Aberdeenshire Highlands, a district 
which he knew well, and with which he had old associations. 
While there the fine mountain climate relieved his suffering and 
raised his spirits, and, being naturally very sanguine, he was look- 
ing forward to a more lasting relief of his troubles than he had 
experienced. This feeling seemed to give him too much confidence, 
and, in his enjoyment of the exhilarating air and scenery, he over- 
strained his bodily powers, but not so as to cause any anxiety. It 
was fatigue which would be dissipated by a night’s rest. He went 
to bed and passed away peacefully in his sleep. 

He is survived by Lady Hartley and by their only son, W. J. 
Hartley, teacher in Agricultural Bacteriology in the University 
College, Cardiff. 

It is, perhaps, more than a coincidence that the son should 
devote himself for life to the subject in which his father first made 
a name in Science. But at that date the subject was new, and the 
word “ Bacteriology” had not been coined. If circumstances had 
been different, I have Hartley’s own word for it that his career 
would certainly have been different. When talking recently about 
his early work in the laboratory of the Royal Institution, he said 
to me: “If I could have afforded it I should have stuck to 
Bacteriology.” Unfortunately, in 1872 there was not the possi- 
bility of earning a livelihood in it. 

What Bacteriology lost Chemistry and Physics gained. 


J. ¥. B. 


JOHN HERON. 
Born May 81a, 1850; Diep Marcu 297n, 1913. 


JoHN Heron was born at Bandon, co. Cork. He studied for the 
profession of engineering at Queen’s College, Cork, taking the 
degree of B.E. in 1871. Subsequently he came to England and 
studied chemistry at the Royal College of Chemistry under the 
late Sir Edward Frankland. Appointed chemist at a gun-cotton 
factory in 1876, he became associated early in 1877 with Dr. Horace 
T. Brown as chemist at Worthington’s Brewery, Burton-on-Trent. 
Here it was that, in collaboration with Dr. Brown, Heron began 
his research work on starch, the most memorable paper arising out 
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of their joint labours being “Contributions to the history of starch 
and its transformations,” which was published in the Transactions 
in 1879. Following the researches of C. O’Sullivan, this paper of 
Brown and Heron not only gave the first clear and connected 
account of the work of others on the hydrolysis of starch by malt 
diastase, but it also added considerably to our knowledge of the 
subject, and put chemists into possession of methods by which the 
problem could be attacked. These methods have indeed proved 
invaluable in the extension of the researches by Brown, Morris, 
Millar, and other workers. Heron was appointed chemist to the 
Anglo-Bavarian Brewery at Shepton Mallet in 1883, and in 1885 
he became chemist to Messrs. Garton, Hill and Co., of Battersea, 
Brewing Sugar Manufacturers. From 1895 until the time of his 
death he practised in London as a Consulting Chemist. In 1887 
Heron served on the first Committee of the “Laboratory Club.” 
He was also the first editor of ‘‘ Transactions’ of the Club, and its 
last President (1889—90) ; and subsequently, when it became the 
Institute of Brewing, he remained its President (1890—91). On 
his retirement from the Chair he served as Vice-President, and has 
since then been a member of its Council and Committees from time 
to time. He held the position of Hon. Secretary of the London 
Section of the Society of Chemical Industry from 1892 to 1898, was 
several times a member of the Council of the Society, and Vice- 
President from 1898 to 1900. He was also a member of the 
Publication Commiteee from 1888 to 1910. In 1887 he was elected 
a Fellow of the Institute of Chemistry. Heron’s numerous papers 
deal principally with the technology of sugar and brewing, and 
are published in the Journal of the Society of Chemical Industry 
and in the Jowrnal of the Institute of Brewing. A man of strong 
personality, his loss will be felt keenly by a wide circle of scientific 
friends. 

Artuur R. Lina. 


JULIUS LEWKOWITSCH. 
Born SEPTEMBER 4TH, 1857; Diep Srepremser 16TH, 1913. 


Jutius LewkowiTscu was born at Ostrovo, in Prussian Silesia; 
he studied at Breslau and Strassburg, and, after a brilliant uni- 
versity career, took the degree of Doctor of Philosophy at Breslau. 
He intended to devote himself to academic work; with this end 
in view he carried out a considerable quantity of original investi- 
gation under Victor von Richter in Breslau, and subsequently took 
a position under Hans Landolt in the Chemical Laboratory of the 
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Berlin Agricultural High School. At a later date he became 
assistant to Victor von Meyer in Gottingen. 

Lewkowitsch’s first publication describes the study of the action 
of nitric acid on the fatty acids, and gives methods for the pre- 
paration of the nitro-fatty acids; he then applied himself to experi- 
mental work on stereochemistry, which was at that time a new and 
undeveloped subject, far from assuming the commanding position 
which it now holds. He was the first to develop the method given 
by Pasteur for the resolution of externally compensated substances 
by the action of living organisms, and in 1882 and 1883 prepared 
the optically active modification of tartaric, lactic, glyceric, and 
mandelic acids from the corresponding inactive substances by the 
action of Penicillium glaucum and other lower organisms. At a 
later date he attacked the problem presented by the optical in- 
activity of benzene derivatives, and made many experimental 
attempts to resolve such substances into enantiomorphously related 
components. 

The originality and quantity of Lewkowitsch’s early experi- 
mental work indicates that, had he continued to devote himself 
to pure science, he would rapidly have achieved a foremost place 
as a teacher and investigator. In 1883, however, he turned to 
chemical technology, and became chemist to the Aktiengesellschaft 
fiir Teerindustrie Erkner in Berlin; three years later he became 
manager of the Whitehall Soap Works in Leeds, and in this 
capacity solved the problem of separating pure glycerol on a 
technical scale from the waste soap liquors. Shortly afterwards 
he established himself in London as a consulting chemist, and 
became naturalised ; by this time he had abandoned his aspirations 
towards a purely scientific career, and had entered upon what 
proved to be his life-work, the development of the industrial tech- 
nology of fats and oils. At the date of his death he was the first 
living authority on the animal and vegetable fats and oils; a large 
number of processes which are widely applied in the utilisation 
and analysis of these important raw materials were devised by him. 
His treatise on the “Chemical Technology and Analysis of Oils 
and Fats” is now in its fifth English edition, and has been pub- 
lished also in French and German; his “Laboratory Companion 
to the Fats and Oils Industries” has a wide sphere of usefulness 
in English and in its German translation. Lewkowitsch wrote the 
article on oils and fats in the ‘‘ Encyclopedia Brittanica,”’ and the 
articles on oils in the last and the current editions of Thorpe’s 
“Dictionary of Applied Chemistry”; his writings on his own sub- 
ject have set a standard of precise treatment which has been 


: 


os 
os 
ae 
Se 
bed 
a 
+) 


OBITUARY NOTICES. 1219 


accepted and adopted in later works by others upon this great 
branch of chemical industry. 

Lewkowitsch became a Fellow of the Chemical Society in 1888, 
and served upon its Council in 1902 and 1903. Much of his scanty 
leisure was also devoted to the Society of Chemical Industry, the 
Institute of Chemistry, and the Society of Public Analysts; at his 
death he was Honorary Foreign Secretary of the Society of 
Chemical Industry, and had held the Chairmanship of the London 
Section of the Society. In 1909 he received the Lavoisier medal 
as conférencier of the Société chimique de France. At several 
meetings of the International Conference of Applied Chemistry 
Lewkowitsch took a leading part, a part always assigned to him 
by common consent by reason of his businesslike methods, his wide 
knowledge of science and technology, and his great talents as a 
linguist. 

His sturdy and robust character, and the genuine pleasure with 
which he placed his knowledge and experience at the service of 
all desirous of assistance, made Lewkowitsch a man of many sincere 
friends. The news of his death, which occurred at Chamonix, came 
as a severe shock to many Fellows of this Society; he had been in 
poor health for several years, but it was confidently anticipated 
that a holiday and rest in Switzerland would have restored him 
to us. He was a keen mountaineer, and was intimately acquainted 
with the French and Swiss Alps, in sight of which he passed away. 
He married in 1902, and his widow, with a son and daughter, 
survives him. 
ae me 


HUGH MARSHALL. 
Born January 77TH, 1868; Diep SeprempBer 5ru, 1913. 


Hueu Marsuaty was born in Edinburgh, January 7th, 1868, and 
was educated at the Moray House Normal School. On leaving 
school he applied himself to the study of Chemistry, at first under 
Dr. Drinkwater, and afterwards in the Chemistry Department of 
the University of Edinburgh. He also attended the classes in 
the curriculum for Degrees in Science, and in 1886 graduated as 
B.Sc. In 1887 the Gunning “Joseph Black’ Prize and the 
Mackay Smith Scholarship in Chemistry were awarded to him. 
In the same year he was appointed one of the assistants in the 
Chemistry Department. On two occasions he obtained leave of 
absence for a summer session, and spent the time at Munich with 
Profs. Groth and Kriiss, and in Ghent with Prof. Renard, in the 
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further study of Mineralogy and Crystallography. In 1890 he 
graduated as D.Sc., the subject of his thesis being the work on 
the electrolytic oxidation of cobaltous salts, described below. In 
1894 he was appointed Lecturer on Mineralogy and Crystallo- 
graphy, and in 1902 Lecturer on Chemistry. On the appointment 
of Prof. Walker, in 1908, to the Chair of Chemistry in Edinburgh, 
Dr. Marshall succeeded him in Dundee. 

Dr. Marshall became a Fellow of the Royal Society of Edin- 
burgh in 1888, of the Chemical Society in 1889, and of the Royal 
Society in 1904. He was also a corresponding member of the 
Mexican scientific society “Antonio Alzate.” In 1904 the Council 
of the Royal Society of Edinburgh awarded to him the Keith Prize 
for the discovery of the persulphates. He also held the Keith 
Medal of the Royal Scottish Society of Arts, and a medal of the 
Edinburgh Association of Science and Arts for his invention of 
the “ Petrolite”’ lamp, an ingenious arrangement for the safe burn- 
ing of volatile hydrocarbons. 

At the close of the summer session of 1913, he went, as captain 
of the Dundee Company of the St. Andrews University Officers’ 
Training Corps, to camp at Ilkley. After the training he went to 
Paris, but, not feeling well, returned to London. There it was 
discovered that he was suffering from enteric fever. He died in 
London on September 5th. 

Prof. Marshall was a very able and successful teacher, and gave 
a great deal of time and thought to this part of his work, but yet 
was able to make important contributions to our knowledge of 
Chemistry. 

He took a great interest in the application of electrolysis to the 
separation and quantitative determination of metals, and, in repeat- 
ing Classen’s separation of copper and cobalt, observed that after 
all the copper must have been deposited, the solution was green, 
and that further electrolysis did not change the colour. To this 
green liquid he added hydrogen sulphide, which produced a white 
cloudiness, due to separated sulphur, whilst the liquid became 
pink ; it was obvious that there was no copper in the solution, and 
that some of the cobaltous salt had been oxidised. This observa- 
tion led him to examine the electrolytic oxidation of cobaltous salts. 
By using a divided cell, with dilute sulphuric acid in the cathode 
compartment, and solution of cobaltous sulphate and sulphuric 
acid in the anode compartment, he obtained pure, crystallised 
cobaltic sulphate, and from this prepared potassium and ammonium 
cobaltic alums, in blue octahedra, with 24 molecules of water, 
exactly as in the well-known alums. 

While engaged in this investigation, he observed that in the 
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electrolysis of a solution containing potassium hydrogen sulphate 
along with cobaltous sulphate and sulphuric acid, there were de- 
posited in the anode compartment, not only crystals of potassium 
cobaltic alum, but also small, colourless crystals. These he 
collected and examined, and found that they consisted of potassium 
persulphate. He followed up this incidental discovery, and pre- 
pared directly by electrolysis potassium and ammonium per- 
sulphates, and from them, by double decomposition, other per- 
sulphates. 

Berthelot had, in 1878, obtained persulphuric anhydride, §,0,, 
by the action of the silent electric discharge on a mixture of 
sulphur dioxide and oxygen. When dissolved in water this gave 
an acid solution, which quickly decomposed, giving off oxygen 
and leaving sulphuric acid. Berthelot obtained a similar solution 
by the electrolysis of sulphuric acid. By cautiously neutralising 
this unstable solution with baryta, he obtained, besides a precipi- 
tate of barium sulphate, a solution gradually decomposing into 
oxygen, barium sulphate, and sulphuric acid. This soluble barium 
salt could be nothing but barium persulphate; but Berthelot was 
unable to isolate it, and fourteen years later, in welcoming 
Marshall’s discovery, speaks of the persulphates as hitherto only 
dimly seen. 

Dr. Marshall studied the oxidising action of the persulphates, 
showing its analogy to that of the halogens, in giving, for instance, 
tetrathionates from thiosulphates. He showed the remarkable 
modification of the oxidising action caused by the presence of even 
a small quantity of a soluble silver salt. Persulphates precipitate 
peroxide of manganese from a solution of a manganous salt, but 
in the presence of a soluble silver salt the manganese is oxidised 
to permanganic acid. Marshall referred this action to silver 
peroxide continuously formed and reduced, the action of the silver 
peroxide on the manganous salt being similar to that of lead 
peroxide in Walter Crum’s test for manganese. He further 
showed how persulphate with silver nitrate can be used for the 
colorimetric determination of even very minute quantities of 
manganese. 

Dr. Marshall at first, misled by an error in the published results 
of conductivity measurements in the case of potassium perchlorate, 
preferred the simple formula KSO,, but when the error was pointed 
out and corrected, he at once adopted the double formula K,8,Og, 
which, as Bredig and also Moeller showed, agrees with other 
physical properties. 

The work on the oxidation of cobaltous salts was published in 
the Chemical Society’s 7'ransactions, September, 1891. A note on 
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the persulphates was read before the Royal Society of Edinburgh 
on February 16th, 1891, and printed in the Proceedings. A much 
fuller account of this work is contained in the Chemical Society’s 
Transactions, September, 1891. In 1897 Dr. Marshall published 
in the Journal of the Society of Chemical Industry a paper on the 
manufacture and industrial uses of the persulphates. 

He wrote the report on Inorganic Chemistry for the Chemical 
Society in 1907 and 1908. He translated into English Prof. 
Groth’s “Introduction to Chemical Crystallography.” 

By Prof. Marshall’s death Science has lost an acute and original 
investigator and a zealous and sound teacher; all who knew him 
personally mourn a very true and hearty friend. 

A. C. B. 


GEORGE MATTHEY. 
Born May 8ru, 1825; Diep Fresruary 141, 1913. 


Grorce Marruey, born in May, 1825, was the third son of John 
and Elizabeth Matthey, and was educated at the school of Mr. 
Sandor, Arragon House, Twickenham. At the age of nineteen 
he joined the firm founded by Mr. Percival Norton Johnson, 
F.R.S., now Messrs. Johnson, Matthey and Co., Ltd., assayers and 
gold refiners, of Hatton Garden. Within a few years he became 
a partner, and continued to be actively associated with the firm 
until about seven years ago. His interest in the development of 
platinum refining and its applications in the arts led to his associa- 
tion with Henri Saint-Claire Deville in the preparation of the 
standard metre for the French Government. His researches in 
connexion with the iridio-platinum alloy used for this purpose 
were embodied in a communication to the Royal Society in 1879. 

As a Freeman of the Company of Goldsmiths, he was for more 
than forty years engaged at the Trials of the Pyx, at which the 
gold and silver coins issued from the Mint are tested for weight 
and fineness. The trials have been held annually at Goldsmiths’ 
Hall since 1871, and George Matthey, who became a member of 
the pyx jury in 1865, acted as its foreman for many years. 

He was elected a Fellow of the Chemical Society in 1870, and 
was a Member of Council in 1877—9; was elected a Fellow of 
the Royal Society in 1879, was an Associate of the Institution of 
Civil Engineers from 1880, and was Vice-President of of the Royal 
Institution in 1896—7. Among distinctions conferred upon him 
were the Austrian Order of Francis Joseph and the Order of the 
Legion of Honour. He died at Eastbourne on February 14th, 
1913. T. K. Rose. 
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CXI1I1.—The System Silver—Silver Sulphide. 
By Creitityn Coterave Bissett (1851 Exhibition Scholar). 


Percy, in his “ Metallurgy of Gold and Silver” (Part I., page 25), 
gives the results of some experiments, made in his laboratory, on 
the question of the solubility of silver sulphide in silver. He 
states that he found that if equal weights of silver and silver 
sulphide are melted together, the mixture on cooling separates into 
two layers, one being silver sulphide and the other silver containing 
approximately 18 per cent. of silver sulphide: also, on re-melting 
the layer rich in silver, no further separation occurs. 

According to Abegg (“ Handbuch der Anorganischen Chemie,” 
2, 707), however, silver sulphide can be melted in all proportions 
with silver, forming a homogeneous mixture. Pelabon (Compt. 
rend., 1906, 148, 294) has, to some extent, investigated the equili- 
brium between silver and sulphur. He found that the freezing- 
point curve stops at the melting point of silver sulphide, that com- 
position corresponding with the maximum amount of sulphur which 
silver can absorb. He gives the melting point of the sulphide as 
825°. Further, he states that there is a eutectic formed, melting at 
800° and having a composition very near to that of silver sulphide. 
It seemed of interest, therefore, to investigate the system as thor- 
oughly as possible, since the information at present obtainable on 
the subject is somewhat conflicting. Abegg mentions the existence 
of a sub-sulphide, Ag,S, and it was hoped that some indication of 
the existence of this compound in solution might be obtained. 

This system has some technical interest, since in recovering silver 
from residues containing thiocyanate, trouble is caused by the 
presence of sulphur in the metal obtained. The presence of sulphur 
is readily explained by the results of an experiment made by: the 
author. Seven grams of silver thiocyanate were heated to about 
1000° with 50 grams of silver. If all the sulphur present had been 
converted into sulphide, then the silver would have taken up 18 per 
cent. Actually, it was found that the metal contained 12 per cent. 
Supposing the thiocyanate to decompose in the generally accepted 
manner, according to the equation: 


8AgCNS=4Ag,S + 2CS, + 3(CN). + No, 
the sulphide formed would correspond with the presence of about 


9°5 per cent. Evidently some of the carbon disulphide formed reacts 
with the silver at the high temperature of the experiment. 


4L2 


1224 BISSETT : THE SYSTEM SILVER-SILVER SULPHIDE. 


Materials. 


The silver used in this investigation was prepared from laboratory 
silver residues, consisting mainly of chloride and thiocyanate of 
silver. On testing it against pure silver used for checks in assaying, 
it was found that there was not more than one part of impurity 
present in five thousand. It gave a freezing point practically identi- 
cal with that of pure silver. 

The silver sulphide was prepared by precipitation with hydrogen 
sulphide from a strongly ammoniacal solution of silver nitrate. It 
was dried in a vacuum desiccator, and analysis proved it to be 
pure. 

The alloys rich in silver were prepared by melting silver in a 
small crucible under a layer of charcoal, and adding the necessary 
amount of silver sulphide in the form of small lumps of fused 
material. The crucibles used were of the type known as Battersea 
A round. The total weight of alloy used in each case was as near 
as possible 50 grams. In order to protect the alloy from oxidation, 
and to make the cooling fairly slow and as uniform as possible, the 
small crucible was placed in a larger one, the space between being 
filled with sniall lumps of gas carbon. 

The alloys rich in sulphide were prepared similarly by adding 
silver to the fused sulphide. 

The crucibles were heated in a small furnace, using a Fletcher 
burner, with the air under pressure. 

The temperatures were determined by means of a platinum— 
platinum-rhodium couple, carefully standardised at frequent 
intervals, using the melting points of silver (960°7°), levol 
(778°6°), and antimony (629°5°) as the standard temperatures. A 
Brearley recorder was used in obtaining the cooling curves of the 
various alloys. 

The couple was protected from the metal by means of a thin 
silica tube. With fairly slow cooling very little trouble was caused 
by lag. An attempt was made to protect the couple by means of 
a.refractory cement, but all such cements tested appeared to be 
permeable to carbon monoxide, and therefore were useless. 

Some difficulty was experienced at first in obtaining the melting 
point of pure silver sulphide, owing to it being very readily oxidised 
when fused. The pure liquid was obtained finally by melting the 
pure substance, prepared by the method mentioned above, with 
a moderate quantity of sulphur in a silica tube, the air being 
displaced, before beginning to heat the tube, by hydrogen sulphide. 
After taking the cooling curve of any particular mixture, the 
metal was re-melted and well stirred, and then cooled fairly rapidly 
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in the crucible. When cold, the ingot was sawn in half, longitudin- 
ally, in order to determine whether it was homogeneous, and 
portions were removed for analysis and for examination under the 
microscope. In the case of the alloys rich in sulphide, it was 
found necessary to quench them from the liquid state, in water, in 
order to prevent the accumulation of the silver, which separates as 
the metal cools, in the lower portions of the ingot. 

When possible, the composition of the mixture was determined 
by analysis. The silver present was determined by titration with 
salt solution, using a Stas pipette. Pure silver was used for 
standardisation in all the analyses. 

The following table embodies information obtained from the 
cooling curves. 

Since the rate of cooling was not absolutely the same in the 
different experiments, the eutectic times given are only approxi- 


mately comparable. 
Duration Duration 
Percentage First First Second of first of second 
Alloy of silver freezing haltin halt in haltin halt in 
number. _ sulphide. point. cooling. cooling. seconds. seconds. 


A 0-0 961° — _ _ _— 
A6 0-48 959 None _— _— _— 
A7 0-98 958 None — — —_ 
A8 2-68 955 905° — 17 — 
Al 5-29 949 903 — 52 — 
A2 10-76 930 901 —_ 138 —_— 
A3 14-66 912 904 —_ 185 —_ 
A18 17-20 — 904 _— 232 _- 
=A 19 18-0 — 903 801° 230 2 
=Ad4 20-0 = 903 809 228 4 
=A5 25-0 — 903 803 224 8 
=A 10 45-0 — 905 805 172 26 
=A 20 70-0 _— 905 806 130 60 
=A17 91-0 _— 899 804 30 69 
A 16 95-50 890 — 804 _— 77 
Al5 96-62 865 —_ 803 — 90 
Al4 98-44 810 — 800 _— 95 
A 13 99-00 —_ _— 803 — 120 
A 12 99-50 811 —_— 803 — 65 
— 100-0 815 — — — _— 
In the case of alloys marked =, on examining the roughly 


polished vertical sections of the ingots, it was found that there 
were two layers present. The average compositions of these alloys 
were determined from the weights of material used, since the 
relative amounts of the two layers was difficult to determine 
exactly. As the result of a number of analyses, the layer rich in 
silver was found to contain 17°25 per cent. of silver sulphide, whilst 
the other layer contained 94°24 per cent. of sulphide if the liquid 
was quenched from a temperature just above 900°. The mean 
temperature of the first halt is 903°, while that of the second 
halt is 804°. The low temperature for the first halt given by 
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alloy A 17 is probably due to lag. The form of the curve obtained 
by plotting these results is shown in the diagram. 

The addition of silver sulphide to silver at first causes a lowering 
of the freezing point. When, however, a little more than 17 per 
cent. has been added, any further addition causes the appearance 
of conjugate solutions, having the respective compositions given 
above at a temperature of 903° approximately. The relative com- 
positions of these solutions would be expected to vary with the 
temperature, but no determinations were made with regard to this 
point. 

All alloys having a composition between the above two limits 
give a freezing point of constant temperature, practically pure 
silver freezing out, until the liquid remaining has a composition of 
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approximately 94 per cent. of sulphide. This liquid then freezes 
in a manner similar to that of the alloys described below. 

A further addition of sulphide to the 94 per cent. alloy causes 
the freezing point to be lowered once more, the ingot becoming 
homogeneous at the same time. This lowering continues with the 
increase in percentage of sulphide until a composition of approxi- 
mately 99 per cent. is reached. Any further increase in the percent- 
age of sulphide causes the freezing point to rise, until finally the 
freezing point of pure silver sulphide is reached. It follows, there- 
fore, that silver and silver sulphide form a eutectic containing 
approximately 99 per cent. of sulphide, and having a melting point 
of 804°. The curve gives no indication of the existence of any 
other sulphide, such as Ag,S. The curves obtained by plotting the 
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durations of the halts observed against the temperature, support 
the above interpretation of the results, since in the case of the 
first halt a maximum is given at approximately 17 per cent. of 
sulphide, corresponding with the composition of the conjugate 
solution rich in silver, whilst for the second halt there is a maximum 
at about 99 per cent. of sulphide corresponding with the eutectic 
composition. 

The fact that alloys A6 and A7 give only one break in their 
cooling curves suggests the formation of solid solutions between 
silver and silver sulphide to some extent, probably between 1 and 
2 per cent. being dissolved in the solid state. A dotted line is 
drawn in the diagram suggesting this possibility. 

An examination of the microstructure of the various alloys lends 
further support to the above interpretation. Some difficulty was 
experienced in obtaining suitable etching media, but finally it was 
found that hot potassium cyanide solution will etch the sulphide 
without appreciably attacking the silver, whilst freshly prepared 
hot ferric sulphate solution will etch the silver without attacking 
the sulphide, provided that the specimen was only roughly polished. 
It was found impossible to obtain any definite eutectic structure, 
probably due to the low percentage of silver present and to the 
softness of the sulphide. 

Microphotographs of some of the alloys are shown in the accom- 
panying plate. 


Description of the Microphotographs (magnification about 80). 


Number 1.—Alloy Al containing 5°29 per cent. of sulphide. 
Etched with ferric sulphate. This section shows white films of 
sulphide eutectic in between the dark silver crystals. The shading 
of the silver crystals supports the idea of the formation of solid 
solutions to some extent. All alloys containing from about 2 to 
17 per cent. of sulphide have a structure similar to this. 

Number 2.—Alloy A10, etched with potassium cyanide. The 
same etching agent was used in the case of the other sections given 
below. The section shows the dividing line between the solidified 
conjugate solutions. The dark areas are eutectic, and the light 
areas silver. 

Number 3.—Alloy A 4, showing the structure of the conjugate 
solution rich in silver, consisting of globules and films of eutectic 
(dark) in a ground mass of silver. 

Number 4.—Alloy A 10, showing the structure of the conjugate 
solution rich in sulphide, consisting of silver crystals in a ground 
mass of eutectic. 

Number 5.—Alloy A 14, containing 98°4 per cent. of sulphide. 
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This section shows a few small silver crystals in the eutectic ground 
mass; it is evidently fairly near to the eutectic composition. The 
structures of alloys A 15 and A 16 are similar, the only difference 
lying in the fact that the latter contain a larger proportion of 
silver. Alloy A 13 shows a very slight amount of free silver, and 
is therefore practically of eutectic composition. 

Number 6.—Alloy A12, containing 99°5 per cent. of sulphide. 
This section shows no free silver. On the freezing-point diagram, 
therefore, this alloy is on the sulphide side of the eutectic. It is 
impossible to distinguish between the pure sulphide and the 
eutectic; it is of interest only from the fact that it contains no 
free silver. 


In conclusion, I wish to thank Mr. C. T. Heycock, the Goldsmith 
Reader in Metallurgy, both for suggesting the work to me and for 
his valuable advice during its progress. 


METALLURGICAL LABORATORY. 
CAMBRIDGE. 


CXIV.—Optically Active Derivatives of d-Dimethoxy- 


and A-Diethoxy-succinie Acids. 
By Caartes Ropert Youne. 


In comparing the optical relationships of compounds of the 
succinic acid type, the alkyloxy-derivatives are of value, since they 
may be prepared from the naturally active materials, malic and 
tartaric acids, and, as regards their optical activity, are free from 
the disturbing effect of the alcoholic hydroxyl group. Several 
such derivatives have already been obtained (Purdie and co- 
workers, T., 1901, 79, 957; 1910, 97, 1517, 1524); the present 
work was carried out in continuation of the above with the object 
of extending the series to V-derivatives of relatively simple type. 

By direct union of the anhydrides of d-dimethoxy- and 
d-diethoxy-succinic acids with aniline, the corresponding anilic 
acids are readily obtained, and these, on treatment with acetyl 
chloride, yield the anils. 

d-Diethoxysuccinanil was also prepared by heating and finally 
distilling the anilic acid in a vacuum, and the product was found 
to be identical with that obtained by the action of acetyl chloride. 

When phthalanilic acid is warmed with acetyl chloride, iso- 
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phthalanil is obtained, and this changes, slowly under ordinary 
conditions, into the anil, 

OH <oO NEPA > CL<CCNpL PO OH <CO>NPh. 
The conditions under which the isomeric change occurs have been 
studied by Pummerer and Dorfmiiller (Ber., 1912, 45, 292), who 
found. that the formation of the anil proceeded rapidly when the 
isoanil was shaken with concentrated potassium carbonate solu- 
tion. It appeared possible that the alkyloxysuccinanilic acids, like 
phthalanilic acid, would yield isoanils, in which case their change 
into the stable anils could be followed polarimetrically. In the 
present work, as is shown in the experimental part of this paper, 
no evidence of such isomeric change, or of the existence of ésoanils, 
was obtained. That the substances prepared by removal of the 
elements of water from d-dimethoxy- and d-diethoxy-succinanilic 
acids are the stable anils, and not isoanils, is shown by the fact 
that their rotatory powers were unchanged after distillation in a 
vacuum at a high temperature, and also after contact with 
potassium carbonate solution. In the alkyloxysuccinic series there 
appears to be no tendency towards the formation of derivatives of 
a lactonic type, as is shown by the above observations and by the 
failure to obtain asymmetric acid chlorides, already recorded (T., 
1910, 97, 1524). 

The fact that the anils so prepared are optically active is of 
some interest. The general method for the characterisation of 
dibasic aliphatic acids by the preparation of their substituted 
amic acids and imides was developed by Auwers, who obtained 
derivatives of the symmetrical dimethyl- and diethyl-succinic acids 
(Annalen, 1899, 309, 316). These acids each exist in two isomeric 
forms, one racemic or fumaroid, and the other internally com- 
pensated or maleoid. It has been supposed, from analogy to 
racemic and i-tartaric acids, that the high-melting form of each 
acid was racemic. Thus Auwers (loc. cit.) states that the anilic 
acid (m. p. 183—184°) derived from the fumaroid s-diethylsuccinic 
acid, and the corresponding anilic acid (m. p. 124—125°) derived 
from the maleoid parent acid, each yield the same maleoid anil 
when heated or when subjected to the action of acetyl chloride. 
As mentioned above, the analogous dimethoxy- and diethoxy- 
succinanilic acids yield anils which are optically active, and hence 
of a fumaroid type. It would appear probable, therefore, that the 
racemic or fumaroid forms of the s-dialkylsuccinic acids, and corre- 
sponding anilic acids and anils, are the varieties of low, and not 
the high, melting points. 

Further, if the terms maleoid and fumaroid, as applied in 
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Auwers’ paper to the s-dialkylsuccinic acids, are interchanged, 
certain of his results are much more readily understood. The 
maleoid anilic acids, for instance, are said to be converted into the 
fumaroid forms by several hours’ heating with concentrated 
aqueous alkali. This change is one that is apparently equivalent 
to the conversion of racemic into i-tartaric acid under similar con- 
ditions; the so-called maleoid anilic acids are, in reality, racemic, 
and therefore fumaroid. 

The above conclusions are verified by the first resolution of a 
member of the dialkylsuccinic acid series which has recently been 
achieved by Werner and Basyrin (Ber., 1913, 46, 3229), who found 
that the dimethylsuccinic acid melting at 127° was the racemic 
form ; the isomeric acid melting at 195° was irresolvable. 

By passing dry ammonia gas into an ethereal solution of 
d-dimethoxysuccinic anhydride, the amic acid was produced, and 
this, on treatment with boiling acetyl chloride, yielded the imide. 
By subjecting the imide to the joint action of silver oxide and 
methyl iodide, the methylimide was obtained. The method of 
alkylation by means of silver oxide and alkyl iodides has not 
previously been applied to imides, and the process may possibly be 
of value in other cases, since it obviates the preparation of silver 
or potassium derivatives. An investigation of the general applica- 
bility of the reaction in this direction is at present in progress. 

For comparative purposes, the anilides and hydrazides of 
d-dimethoxy- and d-diethoxy-succinic acids were prepared by the 
usual methods. 

It has been pointed out by Patterson (T., 1913, 103, 145) that 
the comparison of the rotation values at the same temperature of 
optically active substances, in the pure state or in solution, may 
give anomalous results. The maximum rotations determined by 
observations of the optical activity at different temperatures will 
probably furnish a truer measure of the relative rotatory powers 
of different substances. The compounds here described, however, 
differ very widely in their optical rotations, and hence a general 
comparison of the latter, determined at the same temperature, may 
be instituted. 

The molecular rotatory powers of the compounds examined, 
along with those of other members of this series, are tabulated 
below, the values given being, in most cases, for dilute acetone 
solutions of comparable strengths. 
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d-Diethoxysuccinic Derivatives. 


d-Dimethoxysuccinic Derivatives. 


Solvent. [M]?°. Solvent. [M}, 
PROS acicsessssces acetone 170-6° TAO. usziecess acetone 172-3° 
Anhydride ...... a 237-4 Anhydride ... ms 270-0 
Anilic acid ...... ip 327-6 Anilic acid ... me 403-3 
BED crccverccossese m 463-3 Anil .......0+00. 9 480-1 
Anilide .......... et 835-7 Anilide ....... 0» 989-9 
Amic acid....... water 155-9 
*Amide .........04- ” 166-2 
BER. cinccsccncove ee 283-9 
Methylimide ... acetone 395-8 ’ 
Hydrazide ...... water 264-3 Hydrazide ... water 292-4 


* Purdie and Irvine, T., 1901, 79, 957. 

+ Purdie and Young, T., 1910, 97, 1524. 

+ For preparation, see Purdie and Pitkeathly, T., 1899, 75, 153. 

Reference to the above table shows that in the dimethoxy- and 
diethoxy-series the changes of rotation, corresponding with changes 
of composition, are similarly directed, and are of the same order of 
magnitude. Thus, for acetone solutions, the order of increasing 
molecular rotations is as follows: acid<anhydride<anilic acid< 
anil<anilide, and this relationship is paralleled by the following 
for aqueous solutions of members of the dimethoxy-series: 
acid<amic acid<amide. 

The effect of the substitution of the phenyl radicle for hydrogen 
of the amide group is considerably to increase the rotation. This 
effect appears to be greater in the diethoxy- than in the dimethoxy- 
series, since compounds in the former series containing the phenyl 
group have a much higher rotation than the corresponding 
dimethoxy-compounds; where, however, the phenyl group is absent 
from the pair of analogous compounds, the difference in rotation 
is small. 

It has already been shown (Purdie and Young, loc. cit.) that 
d-dimethoxysuccinic anhydride has a considerably greater rotatory 
power than the acid from which it is derived. In the present work 
the rotations of d-dimethoxy-succinimide and -succinanil, and of 
d-diethoxy-succinic anhydride and -succinanil, were likewise found 
to be much higher in each case than those of the corresponding 
parent acids. As is commonly the case, ring formation is accom- 
panied by increase of rotation. 

The effect of the nature of the solvent on the rotatory powers 
of the compounds here described is similar to that already recorded 
(loc. cit.) for other d-tartaric acid derivatives. Arranged in order 
of increasing effect on the magnitude of rotation, the common 
solvents fall into the following series: water<alcohol<acetone< 
benzene, but the rotations of any one compound in acetone and 
alcoholic solutions are very similar. 
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was methyl d-diethoxysuccinate. The preparation of this sub- 
stance has not previously been described; in the present case it 
was obtained by ethylating methyl tartrate, and, after purification 
by fractional distillation in a vacuum, was found to have a rota- 
tory power (pure liquid, [M]? 208°9°) somewhat lower than that 
already recorded (212°8°, Purdie and Young, loc. cit.). This 
difference may perhaps have been due to the presence of a small 
quantity of ethyl d-diethoxysuccinate in the latter preparation. 
The ethyl ester has a considerably higher rotation than the methyl 
compound, and its formation in small quantity during the alkyla- 
tion process is not impossible. 

Methyl d-diethoxysuccinate is isomeric with ethyl d-dimethoxy- 
succinate prepared by Purdie and Irvine, and examined in detail 
by Purdie and Barbour (T., 1901, 79, 971). The two substances, 
as might have been expected, have similar physical properties. 
The rotatory powers of the pure liquids are nearly identical, but 
those of the aqueous solutions differ considerably. 


[M]”. [MI]. 
Pure Aqueous 
Dj’. B. p. liquid. solution. 
Ethyl d-dimethoxysuccinate ..._ 1:0975 155°/25 mm. 209-9° 208-5° 
Methyl d-diethoxysuccinate .... 10914 141-5°/22mm. 208-9 184-9 


EXPERIMENTAL. 
d-Dimethoxysuceinanilic Acid. 


The d-dimethoxysuccinic anhydride used in the following pre- 
parations was obtained from the corresponding acid by the action 
of acetyl chloride (T., 1910, 97, 1533). The anilic acid was pre- 
pared by adding aniline, in concentrated benzene solution, to an 
equimolecular quantity of the anhydride, and heating the solution 
for one hour under reflux. The product crystallised on cooling, 
and, by recrystallising it from acetone, was obtained in small 
prisms, melting at 117—119°. The compound was readily soluble 
in alcohol and ether, sparingly sc in cold acetone, benzene, or 
water, and insoluble in light petroleum: 


0°1430 gave 0°2981 CO, and 0°0786 H,O. C=56'85; H=6°16. 

0°2682 ,, 13°2 cc. Ng at 12° and 743 mm. N=5°76, 

C,,.H,;0,N requires C=56°88; H=5'98; N=5°53 per cent. 

In acetone solution, [a]?+129°57°, c=1°2696, and 129°51°, 
c= 2°2816; in alcohol, 128°03°, ¢=1°1560. ' 

The above data are substituted for those already recorded (P., 
1912, 28, 143) for a preliminary preparation of the substance. 


The material used for the production of the diethoxy-compounds 


a a ae life oe 
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d-Dimethoxysuccinanil. 


This substance was readily obtained in long, slender needles, 
melting at 82°, by heating the anilic acid with sufficient acetyl 
chloride to bring it into solution, removing the acetyl chloride by 
distillation under diminished pressure, and recrystallising the 
residual product from ether. 2°2 Grams of the anilic acid gave 
1 gram of the pure anil. The substance is soluble in alcohol, 
acetone, or benzene, but sparingly so in ether, and crystallises un- 
changed from water: 


0°1770 gave 0°3968 CO, and 0°0922 H,O. C=61:14; H=5°84. 
0°2894 ,, 161 c.c. No at 18° and 730 mm. N=6°27. 
Cj.H,,30,N requires C=61°24; H=5°58; N=5°96 per cent. 
In acetone solution, [a]f+198°16°, c=1°1228, and 197°16°, 
c= 2°2824. 
As in the case of the diethoxy-compound, the solutions gave no 


evidence of mutarotation on keeping or on the addition of a trace 
of alkali. 


d-Dimethoxysuccinamic Acid. 


On passing dry ammonia into a solution of d-dimethoxysuccinic 
anhydride in dry ether for a few minutes, there was obtained a 
bulky, crystalline deposit, which appeared to be a mixture of 
d-dimethoxysuccinamic acid and its ammonium salt. The amic 
acid was isolated as small prisms, melting at 185°, by crystallisa- 
tion from alcohol. The substance was fairly soluble in water, less 
so in alcohol, and insoluble in acetone : 


0°2112 gave 0°3143 CO. and 0°1211 H,O. C=40°59; H=6°43. 

02713 ,, 191 cc. No at 16° and 740 mm. N=8'10. 

C,H,,0;N requires C=40°65; H=6°27; N=7'91 per cent. 

In aqueous solution, [a]?+89°89°, c=1:3016, and 88'11°, 
c¢=1°8896. In alcoholic solution, 103°45°, c=1'1648. 


d-Dimethoxysuccinimide. 


This compound was prepared by heating the amic acid with 
twelve times its weight of acetyl chloride, distilling off the excess 
of the latter under diminished pressure, and crystallising the resi- 
dual product from benzene. 8°25 Grams of the amic acid gave 
2°2 grams of pure material, melting at 108—i10°, after three re- 
crystallisations. The substance was very soluble in water, alcohol, 
ether, or chloroform, and less so in benzene, from which it separated 
in clusters of long, slender prisms. The aqueous solution had an 
acid reaction: 
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0°1728 gave 0°2866 CO, and 0°0904 H,O. C=45°24; H=5°86. 
0°3518 ,, 27°3 cc. Ny at 18° and 745 mm. N=8'92. 
C,H,O,N requires C=45°25; H=5°71; N=8'80 per cent. 
In acetone solution, [a]??+235°54°, c=1°6324, and 235°41°, 
c=1°576 (independent preparations). In aqueous solution, 
[a] +178°53°, c=1°6244, and in alcohol, 241°22°, c=1°6168. 


d-Dimethoxysuccinomethylimide. 


The alkylation of the imide was carried out by heating it with 
excess of silver oxide and methyl iodide, sufficient acetone having 
previously been added to bring the imide into solution. After 
two and a-half hours’ heating on the water-bath, the product was 
isolated by extracting it with acetone, evaporating off the solvent, 
and distilling the oily residue in a vacuum. 3°2 Grams of the 
imide gave 1°8 grams of a colourless liquid, boiling at 136—141°/ 
15 mm., which deposited crystals on keeping. These, when re- 
moved and dried on porous porcelain, weighed 0°56 gram, and were 
purified by recrystallisation from a mixture of ether and light 
petroleum (b. p. 40—50°). The substance was obtained in long, 
slender needles, melting at 54—57°; it was very readily soluble in 
acetone or benzene, less so in ether, and almost insoluble in light 
petroleum : 

0°1817 gave 0°3227 CO, and 0°1067 H,O. C=4843; H=6°58. 

C,H,,0,N requires C=48'52; H=6°42 per cent. 

On account of the small quantity of available material, the 
following determination of the rotatory power was only approxi- 
mate. In acetone solution, [a]p+228°8°, ¢=1°2500. 


d-Dimethoxysuccinohydrazide. 


Methyl d-dimethoxysuccinate, obtained by methylating methyl 
tartrate (T., 1901, 79, 957), was converted into the hydrazide by 
heating it in alcoholic solution, with excess of hydrazine hydrate, 
under reflux for several hours. The substance was purified by 
twice recrystallising it from absolute alcohol, from which it 
separated in clusters of small prisms. It melted and decomposed, 
when rapidly heated, at 173—175°, was very soluble in water, 
sparingly so in cold alcohol, and insoluble in ether, chloroform, 
acetone, or benzene. The substance was hygroscopic: 

0°1850 gave 0°2356 CO, and 0°1156 H,O. C=34'73; H=7°00. 

01100 ,, 25°6 c.c. No at 12° and 742 mm. N=27°23. 

CgH,,O,N, requires C=34'92; H=6'86; N=27°18 per cent. 

In aqueous solution, [a]}?+130°25°, c=1:1516, and 128°28°, 
c= 4°3692. 
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d-Dimethoxysuccinanilide. 


By heating d-dimethoxysuccinic anhydride with excess of 
aniline for one hour at 120—130°, and distilling off the remaining 
free aniline in a vacuum, the anilide was obtained in an oily form 
and solidified on stirring with benzene. The substance was purified 
by several recrystallisations from the latter solvent, from which it 
was deposited in clusters of needles, melting at 137—139°. It is 
readily soluble in alcohol, ether, acetone, or hot benzene, but 
sparingly so in petroleum of high boiling point: 

0°1549 gave 0°3730 CO, and 0°0870 H,O. C=65°67; H=6°30. 

0°2216 ,, 168 c.c. Np at 14°5° and 742 mm. N=8'79. 

C,,H.0,N, requires C=65°81; H=6°15; N=8'54 per cent. 

In acetone solution, [a]?+255°43°, c=1'198, and 254°79°, 

c=1°880; in alcohol, 227°03°, c=1°1496. 


Methyl d-Diethoxysuccinate. 


The method of alkylation by means of silver oxide and ethyl 
iodide was utilised for the preparation of this substance. The 
proportions of materials used were 1 mol. of methyl tartrate, 
3 mols. of silver oxide, and 6 mols. of ethyl iodide, but it was 
found necessary to complete the alkylation by a second treatment 
with half the above quantities of ethylating materials. The pro- 
cedure and isolation of the product were carried out as in similar 
cases. Forty-three grams of methyl tartrate gave only 30 grams 
of the substance, purified by two distillations in a vacuum, whereas 
the methylation of methyl tartrate proceeds practically quantita- 
tively. Previous experience (Lander, T., 1900, 77, 729) has shown 
that this method of alkylation gives better results with methyl and 
ethyl iodides than with the higher alkyl iodides. In the above 
experiments, fractions of low boiling point, composed of ethyl 
oxalate, were separated from the main product, and the low yield 
of the latter is doubtless due to oxidation of the tartrate occurring 
during the alkylation. 

Methyl d-diethoxysuccinate is a colourless, refractive, fairly 
ne liquid, boiling at 141°5°/22 mm., with a faintly ethereal 
odour: 


0°1701 gave 0°3186 CO, and 0°1197 H,O. C=51:08; H=7°89. 
Ci9H,gO, requires C=51'24; H=7'76 per cent. 
For the pure liquid, a? + 48°72°, 7=50 mm., d 20°/4°=1°0914, 
~~ [a]? + 89°28°. In aqueous solution, [a]? +79-00°, 
c=3'962. ‘ 
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d-Diethoxysuccinic Acid and its Anhydride. 


Purdie and Pitkeathly (T., 1899, 75, 153) have already obtained 
this acid by hydrolysis of ethyl d-diethoxysuccinate, and in the 
present work the acid was similarly prepared from the methyl 
ester. For comparative purposes, its optical activity in acetone 
solution was determined as follows: [a]f+84°06°, c=1°3680, and 
83°66°, c= 2°2008. 

d-Diethoxysuccinic anhydride was prepared by heating the dry 
acid with about four times its weight of acetyl chloride, and dis- 
tilling the product in a vacuum. In one experiment 9 grams of 
acid gave 5°5 grams of the pure liquid, boiling at 1279/16 mm.: 

0°1914 gave 0°3562 CO, and 0°1120 H,O. C=50°76; H=6°56. 

C,H,,0,; requires C=51°03; H=6°44 per cent. 

In acetone solution, [a]f+143°62°, c=1°6328, and 143°85°, 

c=6'1416. 
d-Diethoxysuccinanilic Acid. 


On adding the anhydride to a concentrated solution of an equi- 
molecular quantity of aniline in benzene, the mixture became hot, 
and on cooling set to a crystalline mass of the anilic acid. The 
substance separated from benzene in hexagonal prisms, melting at 
143—145°, and was obtained in a pure state after two recrystal- 
lisations from that solvent. The yield of pure material was 83 per 
cent. : 

0°1732 gave 0°3797 CO, and 0°1060 H,O. C=59°79; H=6°86. 

0°3968 ,, 175 c.c. No at 17° and 737 mm. N=5°03. 

C,,H,,O;N requires C=59°74; H=6°82; N=4'98 per cent. 

In acetone solution, [a]?+145°51°, c=1°2576, and 143°54°, 
c=2°4488. In alcoholic solution, 137°00°, c=1°2628, and 137°18°, 
c= 2°4712. 


d-Diethoxysuccinanil. 


Like the corresponding methoxy-compound, this substance was 
obtained from the anilic acid by the action of acetyl chloride. 
After purification by recrystallisation from 50 per cent. alcohol, 
the compound was obtained in long, slender needles, melting at 
56—58°. It was very readily soluble in the ordinary organic 
solvents. The yield was 85 per cent. of the theoretical : 

0°1896 gave 0°4420 CO, and 0°1128 H,O. C=63'58; H=6°67. 

0°4409 ,, 21°2 cc. Ng at 16° and 748mm. N=5'59. 

0°1894 in-17°59 benzene gave At= —0°201°. M.W.=268. 

C,,H,,O,N requires C=63°83; H=652; N=5°32 per cent. 
M.W. = 263. 
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In acetone solution, |[a]p’+182°23°, c=1'2868, and 182°56°, 
c= 3°8864; in alcohol, 180°19°, c=2°2864; and in benzene, 237°39°, 
c=2°1336. No evidence of mutarotation was obtained during these 
and other observations. 

That the substance had undergone no isomeric or associative 
change in benzene solution was shown by its normal molecular 
weight, and by the fact that, after being crystallised from a very 
concentrated benzene solution, it showed rotatory power in acetone 
solution similar to the above. For material so _ treated, 
{a]p +179°67°, c=0°7152. 

The substance was unchanged by distillation. A portion which 
had been distilled under 13 mm. pressure (temperature not re- 
corded) gave, in acetone solution, [a]}} + 179°37°, c=1°1624. 

A further portion of the substance was shaken with 50 per cent. 
potassium carbonate solution for two hours, filtered off, washed, 
and dried in a vacuum. The melting point, 55°5—58°, and specific 
rotation in acetone solution, 182°15°, c=3°250, of the material so 
treated indicated that it had undergone no change. 

d-Diethoxysuccinanil was also obtained by heating the anilic 
acid in a vacuum for one hour at 165—175°, and finally distilling 
the product. On redistilling the material so obtained, the greater 
part of it boiled at 195°/15 mm., and solidified on cooling. The 
distilled product, however, was found to be a mixture of the anil 
with unchanged anilic acid; these were separated and purified by 
crystallisation. The melting point of the anil thus prepared 
(52—55°) was somewhat lower than that of the product of the 
action of acetyl chloride, but its identity with the latter was proved 
by its analysis and specific rotation : 

0°1864 gave 0°4352 CO, and 0°1126 H,O. C=63°68; H=6°77. 

In acetone solution, [a]; + 180°71°, c=1°4388. 


d-Diethoxrysuccinohydrazide. 


Methyl d-diethoxysuccinate was converted into the hydrazide 
by the method used for the preparation of the methoxy-compound, 
which it resembles in properties. The substance melts and decom- 
poses at 159—160°: 

0°1775 gave 0°2640 CO, and 0°1233 H,O. C=40°56; H=7°79. 

071452 ,, 30°77 cc. Ng at 22° and 743 mm. N=23°92. 

C,H,,0,N, requires C=40°99; H=7°76; N=23°93 per cent. 

In aqueous solution, [a] + 123°13°, ¢=1°2832, 124°95°, c= 1°8808, 

and 125°61°, c=4°0960. 
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d-Diethoxysuccinanilide. 


By heating ddiethoxysuccinic acid with excess of aniline at 
140—150°, it was converted into the anilide. The latter was 
purified by washing with ether and recrystallising four times from 
benzene. The substance is readily soluble in acetone or chloro- 
form, but less so in alcohol or benzene, from which it crystallises 
in clusters of small needles, melting at 186—187°: 

0°1802 gave 0°4433 CO, and 0°1128 H,O. C=67:10; H=7°02. 

0°2522 ,, 17°2 cc. No at 14° and 747 mm. N=7'97. 

CyoH,0,N, requires C=67°37; H=6°80; N=7°87 per cent. 

In acetone solution, [a]? + 263°14°, c=1°180, 267°60°, c=1°6984, 

and 278°06°, c=2°1812. 


In conclusion, the author desires to express his thanks to the 
Research Fund Committee of the Chemical Society for a grant 
which has defrayed the greater part of the cost of this investigation. 
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CXV.—The Constitution of the Glycerylphosphates. 
The Synthesis of a- and B-Glycerylphosphates. 


By Harotp Kine and Frank Lee Pyman. 


GLYCERYLPHOSPHORIC acid owes its application in medicine to the 
fact that it occurs in combination in lecithin, from which it can be 
prepared by suitable hydrolysis. For use in medicine, however, the 
salts of glycerylphosphoric acid are prepared by various synthetic 
processes, depending essentially on the partial esterification of 
glycerol by phosphoric acid. 

The commercial processes for the preparation of the calcium salt 
yield a product of varying solubility and composition. It does 
not consist entirely of calcium monoglycerylphosphate, C,H,O,PCa, 
for the calcium content is invariably low, indicating that further 
condensation has taken place. The nature of this further con- 
densation has not yet been satisfactorily explained, but is variously 
attributed to the presence of the calcium salts of a diglyceryl- 
phosphoric acid, [C;H;(OH),*O],PO-OH, by Adrian and Trillat 
(J. Pharm. Chim., 1898, [vi], 7, 226), a diester, 


C,H,(0H)<>PO-0H, 


ne PRR ee ne 


ea ey 9 
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by Carré (Compt. rend., 1904, 188, 47), a glycerylpyrophosphoric 
C,H,(OH),*0-PO-OH 
acid, >0O, by Liidecke (Diss. Munich, 1905), and 
C,H,(OH),"0°-PO-OH 
a diglyceryldiphosphoric acid, 
CH,0O-PO(OH):0-CH, 
CH(OH)<GH9-POIOHy0-CH> om, 
by Contardi (Gazzetta, 1912, 42, ii, 270). The glycerylphosphates 
have been studied by a large number of observers, but for the 
purpose of this paper it will not be necessary to refer to the work 
carried out previous to 1903. Attention may be directed, how- 
ever, to the excellent summary of the early work by Frangois and 
Boismenu (J. Pharm. Chim., 1913, [vii], 7, 448, 492), and to a 
recent critical study of our present knowledge by Du Bois (/. Znd. 
Eng. Chem., 1914, 6, 122). 

The conditions for the formation of a glycerylphosphoric acid 
consisting chiefly of the mono-ester were first determined by Carré 
(Compt. rend., 1903, 187, 1070). He showed that when glycerol 
was esterified with phosphoric acid at a temperature of 105°, the 
product consisted mainly, although not entirely, of monoglyceryl- 
phosphoric acid, whilst at higher temperatures or under diminished 
pressure a large proportion of the further condensation products 
were formed. 

Willstatter and Liidecke (Ber., 1904, 37, 3753) hydrolysed 
lecithin by cold baryta, and obtained barium monoglycerylphos- 
phate. This salt was optically active, although of somewhat 
variable activity, and therefore contained some proportion of 
barium a-glycerylphosphate, since this alone contains an asymmetric 
carbon atom. 


OH,*0-PO(OH), CH,-OH 

CH-OH CH-0-PO(OH), 

CH,-OH CH,*OH 
a-Glycerylphosphoric acid. B-Glycerylphosphoric acid. 


The calcium salt of the natural acid was prepared from it, and 
the two salts were compared with the salts of synthetic glyceryl- 
phosphoric acid, prepared by the action of glycerol on phosphoric 
acid at 135—140° in a vacuum. These authors considered that 
the differences between the two acids were probably not due simply 
to the difference between optically active and racemic substances ; 
in other words, that the natural and synthetic acids were 
structurally different. 

Power and Tutin (T., 1905, 87, 250) pointed out that the 
method employed by Willstatter and Liidecke for the preparation 
of the synthetic acid would not be expected to yield a pure mono- 
4m 2 
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glycerylphosphate when viewed in the light of Carré’s results, and 
showed that, in fact, the salts prepared by Willstatter and 
Liidecke’s method were not pure monoglycerylphosphates, but con- 
tained a considerable proportion of the further condensation pro- 
ducts. These authors esterified glycerol with phosphoric acid at 
105—110°, and described the calcium and a number of other salts 
of the synthetic glycerylphosphoric acid thus obtained. The 
analyses were in agreement with those required for the salts of a 
monoglycerylphosphate, thus confirming Carré’s discovery that 
under these conditions the product consists mainly of monoglycery]l- 
phosphate. Power and Tutin’s calcium salt was practically 
anhydrous, and was soluble in 22°4 parts of water at 16°. 

Liidecke (loc. cit.) prepared synthetic glycerylphosphates by the 
esterification of glycerol with pure phosphoric acid at 100°. These 
salts gave on analysis figures agreeing with those required for 
monoglycerylphosphates, and they were compared with the salts of 
the optically active natural acid obtained by the hydrolysis of 
lecithin, with the following results: 


Salts of Glycerylphosphorie Acid (Liidecke). 


Natucal 
optically active. Synthetic. 
Bariun Salt— 
Appearance Needles Needles 
*Solubility 13-6 at 10° 2°8 at 10° 
Caleium Salt— 
Appearance Shimmering needles Shimmering needles 
*Solubility 2-13 at 16° 2-41 at 16° 
Sodium Salt— 
Appearance Needles Needles 
Deliquescent Deliquescent 


* = Grams contained in 100 grams of aqueous solution. 


Liidecke drew the conclusion that his synthetic acid was homo- 
geneous, and was the a-compound. The difference between it and 
the natural acid was ascribed solely to the optical activity of the 
latter. 

Tutin and Hann (T., 1906, 89, 1749) carried out a comparison 
of the barium and brucine salts of the racemic form of the natural 
glycerylphosphoric acid with those of synthetic glycerylphosphoric 
acid prepared at 105—110°, and compared both with the barium 
and brucine salts of a- and 8-glycerylphosphoric acids, which they 
prepared synthetically. 

Their results were as follows: 


OF THE GLYCERYLPHOSPHATES. 


Salis of Glycerylphosphoric Acid (Tutin and Hann). 


a. B. Natural. Synthetic. 
Barium Salts— 
Appearance Well defined Quite Leaflets, but Granular 
leaflets amorphous not nearly so powder 
well defined 
as the a-salt 
H,O 1-0% 51% 2-4 2-57 
* Solubility 3-76 at 17° 2-72 at 17° 7:20 at 17° 1-86 at 17° 
Brucine Salts— 
Appearance Needles Needles Needles Needles 
H,O 9 molecules 11}molecules 6} molecules 7 molecules 
M. p. of dried 157—158° 157—158° 158—159° 158—159° 


salt 
* = Grams contained in 100 grams of aqueous solution. 


From these results Tutin and Hann concluded that the natural 
and synthetic glycerylphosphoric acids were not identical, but 
represented different mixtures of the a- and A-salts. They pointed 
out, however, that ‘the results obtained are somewhat anomalous, 
and do not permit of a ready explanation. For instance, if the 
barium salts of the natural and synthetical acids are both mixtures 
of the salts of the a- and f-acids, it is difficult to see why one 
should be more readily, and the other more sparingly, soluble than 
the salts of either of the pure acids. Furthermore, with regard to 
the brucine salts, it would not be expected that the amount of 
water of crystallisation contained in those two which are mixtures 
would be less than that contained in either of the constituents of 
these mixtures when in their pure state.” 

Shortly after the publication of this investigation, Poulenc 
Fréres, in 1907 (F.P. 373112), showed that a well-crystallised 
sodium glycerylphosphate could be prepared by heating mono- 
sodium phosphate with two molecular proportions of glycerol, and 
hydrolysing the resulting diglyceryl ester with sodium hydroxide. 

NaOPO(OH), + 2C;H,O, —> NaOPO(O-C,H,O,), —> 

(NaO),PO-0-C,H,0,. 

Poulenc’s sodium salt forms large, bold tablets, very different in 
character from any of the glycerylphosphates previously known, 
and both Paolini, and also Francois and Boismenu, have pointed 
out that it is a pure substance. The question whether it is, in 
fact, the sodium salt of a- or B-glycerylphosphoric acid has been 
the object of discussion between Paolini and Carré. Paolini (Atti 
R. Accad. Lincei, 1911, [v], 20, i, 807; 1912, 21, ii, 350; Gazzetta, 
1912, 42, i, 57) holds that it is a salt of the B-acid: (1) because it 
gives a sparingly soluble calcium salt and (2) because the corre- 
sponding brucine salt crystallises with 114H,O, melts at 157—158° 
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when anhydrous, and at 122° when hydrated, and thus agrees with 
Tutin and Hann’s description of brucine B-glycerylphosphate. 

Carré (Compt. rend., 1912, 154, 220), on the other hand, con- 
tends that it is a salt of a-glycerylphosphoric acid, for the brucine 
salt prepared from it and from the esterification product of glycerol 
and phosphoric acid at 105° proved to be identical after crystallisa- 
tion, both salts separating when warm with 4H,O and when cold 
with 9H,O, and melting at 181° when anhydrous. He points out 
that the esterification of glycerol by phosphoric acid would be 
expected to yield mainly the a-ester, from analogy to the esterifica- 
tion of glycerol with hydrogen chloride, where a-monochlorohydrin 
is the predominant product. He states, further, that the mono- 
glycerylphosphoric acid prepared by heating glycerol a-bromo- 
hydrin with silver phosphate, and hydrolysing the resulting tri- 
glycerylphosphate, yields the same brucine salt. 

30H-CH,°CH(OH)-CH,Br + Ag,PO, —> 

(OH:-CH,°CH(OH)-CH,°0),P°0 —> 
OH-CH,°CH(OH):-CH,:0-PO(OH),. 

In consequence of the divergent nature of these views as to the 
constitution of Poulenc’s sodium glycerylphosphate, and the absence 
of any definite characterisation of the pure calcium a- and 
B-glycerylphosphoric acids, we undertook the preparation of the 
sodium and calcium salts of the pure a- and f-glycerylphosphoric 
acids. In the first instance, we intended to utilise the methods 
described by Tutin and Hann for the barium and brucine salts, 
and to apply these to the required salts. In the course of the 
investigation, however, it soon became clear that the methods 
employed by these authors did not yield the pure salts, and it 
therefore became necessary to characterise afresh the barium and 
brucine salts also. The method employed by Tutin and Hann 
for the preparation of 8-glycerylphosphoric acid was as follows: 
a-Dichlorohydrin was combined with phosphoryl chloride, and the 
reaction product hydrolysed with milk of lime, when a crystalline 
calcium salt, to which the composition C,,.H,..0,,P,Ca,13H,O was 
assigned, was stated to be produced, as follows: 


CH, Cl CH, Cl O CH 9Cl CH, ‘OH O CH,-OH 
CH: OH + POCI,—> CH: 0-P-0-CH —> CH: 0—P-0-CH : 
CH,Cl OH, ci Cl OH, Cl H,"OH Oca CH,°OH 


When this salt was hydrolysed by boiling with water and two- 
thirds of the amount of sulphuric acid required for the removal 
of the calcium, a 6 per cent. yield of an amorphous barium salt 
was obtained. This salt, on analysis, had the composition of a 
barium glycerylphosphate, and was regarded as the pure f-salt. 


= 
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The brucine salt was prepared from it by double decomposition ; 
the properties of the two salts are given above. 

Tutin (P., 1913, 29, 228) has since pointed out that the crystal- 
line calcium salt to which the composition C,,.H,.0),P,Ca,13H,O 
was assigned, contains 38 per cent. of chlorine, and we find that 
this salt is, in fact, calcium bis-s-dichloroisopropyl phosphate, 
CH,Cl 0 CH,Cl 
CH-O—-P—O0-—-CH 
CH,Cl Oca CH,Cl 


When it was boiled for thirty hours in aqueous solution with 
the quantity of sodium carbonate required for its complete con- 
version into sodium chloride, sodium glycerylphosphate, and 
glycerol, hydrolysis took place smoothly, and a mixture of sodium 
chloride and crystalline sodium glycerylphosphate was isolated. 
The latter was purified by recrystallisation from water, and the 
pure salt was obtained in a yield of 49 per cent. of the theoretical. 
This salt was identical with Poulenc’s sodium glycerylphosphate, 
which must consequently be the A-salt. 

The identity of the two salts was confirmed by the comparison 
of the properties of the calcium, barium, brucine, and quinine salts 
prepared from each of them by double decomposition. The results, 
which are tabulated on p. 1245, leave no doubt as to the identity 
of the salts from both sources. 

During the progress of this work Rogier and Fiore (Bull. Sei. 
Pharmacol., 1913, 20, 7) described the preparation of a number 
of salts from commercial crystalline sodium glycerylphosphate. 
The properties of these salts are substantially in agreement with 
those we have found. 

The preparation of the pure salts of a-glycerylphosphate was 
then commenced. Tutin and Hann had employed the following 
method for the preparation of a-glycerylphosphates. -Dichloro- 
hydrin was esterified by heating with phosphoric acid, and the 
product hydrolysed with miik of lime, when a 7°5 per cent. yield 
of a substance regarded as calcium a-glycerylphosphate was 
obtained. 


OH-CH,*CHCI-CH,Cl —> PO,H,*0-CH,:CHCI-CH,Cl —> 
PO,Ca-O-CH,*CH(OH)-CH,-OH. 


Carré, however, has pointed out that when chlorohydrins are 
heated with phosphoric acid, hydrogen chloride is evolved, and the 
constitution of the resulting product is therefore doubtful. 

Southall Brothers and Barclay, Ltd. (E.P. 2883 of 1912), have 
also stated that when monochlorohydrin is héated with phosphorio 
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acid, glycerylphosphoric acid is produced, with elimination of 
hydrogen chloride. 

We endeavoured, therefore, to prepare the a-salt by a method 
which should give results of certain significance, and in the first 
place attempted its preparation by a method similar to that used 
for the B-salts. §-Dichlorohydrin was treated with phosphoryl 
chloride and mixed with calcium hydroxide, when a beautifully 
crystalline salt, calcium bis-By-dichloropropylphosphate, 

(CH,Cl-CHCl-CH,0),PO(Oca), 
was obtained. 

The corresponding bromo-derivative, calciwm bis-By-dibromo- 
propylphosphate, was similarly prepared. 

These salts, however, gave disappointing results on hydrolysis, 
for on boiling with the amount of sodium carbonate required for 
their complete conversion into sodium haloid, sodium glyceryl- 
phosphate, and glycerol, it was found that the halogen was not 
completely eliminated until the greater part of the phosphoric acid 
had also become hydrolysed. It is obvious that this difficulty is 
due to the more ready hydrolysis of the a-substituents compared 
with the B-haloid substituent. It became necessary, therefore, 
to seek some other process for the preparation of the pure 
a-glycerylphosphates, and a suitable method was found in the com- 
bination of a-monochlorohydrin with trisodium phosphate. This 
method was suggested by the well-known process for the prepara- 
tion of a-phenoxyglycerols by the action of a-monochlorohydrin on 
the sodium salts of phenols in aqueous solution. 

Pure amonochlorohydrin was prepared from Kahlbaum’s pre- 
paration by fractional distillation, mixed with a saturated solution 
of trisodium phosphate,* and kept for several days in the cold. On 
then working up the product in the usual way, a 48 per cent. yield 
of a well-crystallised calcium glycerylphosphate was obtained. 


OH-CH,-CH(OH)-CH,Cl+ (NaO),PO —> 
OH-CH,-CH(OH)-CH,-0-PO,Ca. 


This salt cannot be other than the pure a-salt, but in order to 
complete the proof of its constitution, and to ensure that it con- 
tained none of the A-salt, due to the possible presence of B-mono- 
chlorohydrin, as an impurity in the a-monochlorohydrin employed, 
the preparation was repeated, using a-monochlorohydrin which had 
been prepared by the action of water on epichlorohydrin, and sub- 
sequent fractionation. An identical salt was obtained in this way. 

Calcium a-glycerylphosphate, thus prepared in a pure state for 
the first time, crystallises in square plates, which are sparingly 


* The reaction does not take place when tripotassium phosphate is employed. 
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soluble in water. The sodium, bariwm, brucine, and quinine salts 
were prepared from it in a crystalline state by double decomposi- 
tion, and their properties are tabulated below. 


Salts of Glycerylphosphoric Acid (King and Pyman). 


a-Salts. B-Salts. 
Synthetic From Poulenc’s 
sodium salt 

Barium Salts— 

Appearance Crystalline leaflets Truncated dia- Truncated diae 
mond-shaped mond-shaped 
plates plates 
H,0 0-8% 4H,O 4H,0 
*Solubility 1-4 at 13° 6-7 at 12° 5-8 at 12° 
Brucine Salts— 
Appearance Prismatic Prismatic Prismatic 
needles needles needles 
H,O 64, 7, 10, or 11} Tand10mols. 7, 8, 84, 10 or 104 
mols. mols. 
M. p. (trans- 158—160° 158—160° 158—160° 
parent at) 

Calcium Salts— Square E ee ; = 
Appearance leaflets Needles Rect. plates Needles Rect. plates 
H,O 09% 13H,O0 0-7% 143H,0 0-6%H,O 

*Solubility 1-9 at 13° _— — 1-0 at 15° 1-4 at 13° 
Sodium Salts— 
Appearance Diamond-shaped Rectangular Rectangular 
leaflets plates plates 
H,O Anhydrous 5H,0 5H,O 
from MeOH 
M. p. (air-dried) Deliquescent 98—100° 98—100° 

Quinine Salts— 

— Needles Needles Needles 
20 43H,0 — 3H,O 
M. p. Becomes 178—180° 178—180° 

transparent 
at 155—156° 


* = Grams contained in 100 c.c. of aqueous solution. 


It will be observed that the solubility of the barium salt of the 
a-acid is considerably less, and that of the B-acid considerably 
greater, than the solubilities of Tutin and Hann’s a- and B-salts 
respectively. 

The properties of the brucine salts of the two acids call for 
further remark. In the first place, it will be seen that both salts 
crystallise with various amounts of water of crystallisation; 
secondly, both the a- and B-salts have a similar and unsatisfactory 
melting point after drying, commencing to sinter at 150°, and 
becoming transparent at 158—160°, whilst on further heating the 
salts flow, and form a level meniscus at any temperature between 
180—195°. Mixtures of the a- and f-salts behave similarly, and 
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the only characteristic difference between the two salts lies in the 
form of the crystals. Both salts form bunches of flat needles, but 
the needles of the a-salt are terminated by a plane almost at right 
angles to the sides of the needle, whereas the needles of the B-salt 
are pointed, and terminated obliquely by two sides of unequal 
lengths. All arguments as to the constitution of glyceryl- 
phosphates based on the melting point and water of crystallisation 
of this salt are quite valueless. The peculiar nature of the melt- 
ing point of the brucine glycerylphosphates is doubtless the cause 
of the diverse statements with regard to it, some authors (Tutin 
and Hann, Paolini) giving the temperature at which they became 
transparent, and others (Carré, Rogier and Fiore) the temperature 
at which they flow, as the melting point. It will also be observed 
that the calcium salts of both the a- and f-acids are sparingly 
soluble in water. Consequently, Paolini’s identification of 
Poulenc’s commercial crystalline sodium glycerylphosphate as the 
B-salt is, whilst correct, founded on an insufficient knowledge of the 
facts, for neither of the proofs of identity which he advances, 
namely, the state of hydration of the brucine salts and the sparing 
solubility of the calcium salts, will serve to distinguish between the 
a- and B-acids. 

The quinine salts of the two acids are readily distinguished by 
their melting points, the a-salt becoming transparent at 155—156°, 
and only forming a meniscus at higher temperatures, whilst the 
B-salt melts sharply at 178—180°. 

In our opinion, the monoglycerylphosphoric acid obtained 
by the esterification of glycerol with phosphoric acid at 100° 
under normal pressure consists mainly of the acompound. This 
is, indeed, probable from analogy to the formation of the glycerol 
esters of hydrogen chloride, as Carré has pointed out, and the 
melting point, 148°5°, of Carré’s quinine monoglycerylphosphate 
(Bull. Soc. chim., 1904, [iii], 31, 803) affords confirmatory evidence 
in view of the properties of the quinine a- and B-salts described 
above. Further, Liidecke’s synthetic salts, prepared at 100°, are 
only slightly more soluble than the pure a-salts, and probably 
represent fairly pure a-glycerylphosphates. 

The optical activity of natural glycerylphosphoric acid 
(Willstatter and Liidecke) proves that this compound must consist 
partially, in any case, of the a-compound. The racemised natural 
acid prepared by Tutin and Hann was characterised only as the 
barium and brucine salts. The latter affords no evidence of its 
constitution, but the solubility of the barium salt (7 per cent. at 
17°) indicates that it does not represent either the a- or B-com- 
pounds in a pure state, It appears to us probable that it was a 
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mixture of the a- and f-salts, for a solubility determination carried 
out with a large excess of both the pure barium a- and f-glyceryl- 
phosphates showed that 100 c.c. had dissolved 7°8 grams at 13°. 
The barium monoglycerylphosphate soluble to the extent of 8°4 per 
cent. at 22° prepared by Langheld, Oppmann and Meyer (Ber., 
1912, 45, 3759) by the action of ethyl metaphosphate on glycerol, 
probably falls into the same category. 

The main results and conclusions of this investigation may be 
summarised as follows: 

(1) The salts of both a- and B-glycerylphosphoric acids have been 
synthesised by methods which leave no doubt as to their constitu- 
tion. 

(2) The commercial crystalline sodium salt, first introduced by 
Poulenc Fréres, is sodium f-glycerylphosphate. 

(3) The glycerylphosphoric acid prepared by the esterification of 
glycerol by phosphoric acid at 100° under normal pressure 
(Liidecke) consists chiefly of the a-compound. 


EXPERIMENTAL. 


Preparation of Calcium bis-s-Dichloroisopropyl phosphate, 


(CH,Cl),:CH- 0-CH:(CH,C1), 
(CH,C!),:CH-O “9 PO-0-Cw OOP GH: (0H,cl),"* 420. 


Equivalent proportions of pure a-dichlorohydrin (50 grams) and 
phosphoryl chloride (59°5 grams) were boiled under a reflux. con- 
denser for two and three-quarter hours (compare Tutin and Hann, 
loc. cit.). The clear but slightly coloured product was cooled and 
poured into excess of milk of lime (150 grams of slaked lime in 
1} litres of water). After remaining for twelve hours the solu- 
tion was filtered, and the solid thoroughly extracted with four 
separate volumes of 250 c.c. eack of water. The combined filtrates 
were freed from excess of lime by means of carbon dioxide, and 
concentrated to about 1 litre under diminished pressure. Any 
calcium carbonate which had separated was filtered off. The 
colourless filtrate was now concentrated in an open dish on the 
water-bath until a crystalline crust formed. On allowing to cool, 
16 grams of crystals were obtained, and from the filtrate, by a 
similar procedure, a further yield of 8 grams of crude solid. The 
mother liquors finally contain calcium oxychloride. The various 
crops, in all 24 grams, were recrystallised from five times their 
weight of boiling water, and after treatment with charcoal yielded, 
finally, 19 grams of pure calcium salt. 

Calcium _bis-s-dichloroisopropylphosphate _crystallises from 
aqueous solutions in long needles, but occasionally in short pris- 
matic needles. Its aqueous solution is neutral to litmus. It melts 
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and decomposes at 249—250°. It is very readily soluble in ethyl 
acetate, methyl alcohol, or ethyl alcohol, much less so in cold water, 
readily so in boiling water, and very sparingly soluble in chloro- 
form, benzene, or acetone. 

For the determination of the water of crystallisation the air- 
dried salt was dried in a vacuum over sulphuric acid, as only a 
portion of the water is removed at 100°, and drying at 125° causes 
decomposition : 

0°2894* lost 0°0280. H,O=9°7. 

0°2004* gave 0°3060 AgCl. Cl=37°8. 

0°2188* ,, 0°1524 CO, and 0°0742 H,O. C=190; H=3'8. 

C,.H,0,P,C1,Ca,4H,O requires C=19'2; H=3°8; Cl=37°8; 
H,O=9'6 per cent. 
0°1997 + gave 0°3376 AgCl. Cl=41°8. 
0°1313 + was equivalent as oxalate to 3°86 c.c. V/10-KMn0O,. 
Ca=5°9. 
C\,H.,0,P,Cl,Ca requires Cl=41°8; Ca=5°9 per cent. 

The replacement of the chlorine atoms by hydroxyl groups does 
not take place very readily. A quantitative experiment showed 
that after twenty hours’ boiling with a large excess of lime 10 per 
cent. of the chlorine was still unhydrolysed. The solution also 
contained free phosphate. 


Hydrolysis of Calcium bis-s-Dichloroisopropyl phosphate. 
Preparation of Sodiwm B-Glycerylphosphate. 


Sixty grams of calcium bis-s-dichloro’sopropylphosphate ‘(con- 
taining 8 per cent. of water of crystallisation) were dissolved in 
650 c.c. of water, and 52 grams (6 molecular proportions) of 
anhydrous sodium carbonate added. The solution was boiled 
under a reflux condenser for thirty hours. After removing the 
calcium carbonate by filtration, the solution was concentrated to 
a small bulk, when a separation of crystals, consisting of sodium 
chloride and a small proportion of sodium carbonate, was obtained. 
On further concentration, additional crops of sodium chloride were 
obtained. When the major portion of the inorganic salts had so 
separated, the filtrate set to a mass of minute plates, which were 
collected, and proved to be sodium f-glycerylphosphate. Further 
fractionation of the mother liquors and addition of alcohol yielded 
other smaller crops of sodium 8-glycerylphosphate. The total yield 
of pure salt was 49 per cent. of the theoretical. 

Sodium B-glycerylphosphate is most suitably crystallised from 
hot water, in which it is very soluble. When its hot aqueous solu- 


* Air-dried. 7 Dried in a vacnum over sulphuric acid. 
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tion is rapidly cooled, it separates in thin, rectangular plates, but 
on slow cooling in bold tablets. In the hydrated state it melts at 
98—100°. It crystallises with 5 molecules of water of crystallisa- 
tion, which are lost at 100°: 
0°2643 * lost 0°0780 at 100°. H,O=29°5. 
0°3172* ,, 0°0931 at 130°. H,O=29°4. 
C,H,0,PNa,,5H,O requires H,O=29'4 per cent. 
0°2241 (dried at 130°) gave 0°1365 Na,P,O,;. Na,P,0,=60°9. 
C,;H,0,PNa, requires Na,P,O,=61°6 per cent. 
0°1867 (dried at 100°) required 8°7 c.c. of V/10-H,SO,, using 
methyl-orange as indicator. Theory requires 8°6 c.c. 
Calcium B-Glycerylphosphate——Aunhydrous calcium chloride 
(11 grams) in 3 c.c. of water was added to a solution of 3°1 grams 
of sodium f-glycerylphosphate in 9 c.c. of water. The temperature 
of the solutions was 15°. In a short time calcium f-glyceryl- 
phosphate separated as an opaque, white solid, which consisted of 
microscopic needles. The yield was 2 grams: 


0°2176* lost 0°0228 at 125°. H,O=10°5. 
C,H,O,PCa,14H,O requires H,O=11°4 per cent. 
0°1948 (dried at 125°) was equivalent as oxalate to 18°6 c.c. of 
NV/10-KMnO,. Ca=19°'1. 
C,H,O,PCa requires Ca=19°1 per cent. 

On raising the temperature of the mother liquors of the above 
calcium salt a further 0°2 gram of calcium §{-glycerylphosphate 
separated in thin, rectangular fragmentary plates with a lustrous 
appearance. These were filtered off from the hot solution, and 
contain only a very small and varying percentage of water. 
When an aqueous solution of calcium f-glycerylphosphate is con- 
centrated on the water-bath under diminished pressure, the salt. 
separates in beautifully crystalline, rectangular plates or leaflets, 
which when collected possess a lustrous appearance: 

0°2625 * lost 0°0026 at 130°. H,O=1°0. 

0°1969 * lost 0°0013 at 140°. H,O=0°7. 

0°1956 (dried at 140°) was equivalent as oxalate to 18°85 c.c. of 

N/10-KMnO,. Ca=19°3. 
C,H,O,PCa requires Ca=19°1 per cent. 


Barium B-Glycerylphosphate.—Two grams of barium chloride in 
5 c.c. of water were added to 2°5 grams of sodium f-glyceryl- 
phosphate in 7°5 ¢.c. of water. There was no separation of solid 
in the cold, but on warming on the water-bath crystals separated, 
which were collected at once. The yield was 2°25 grams. 


* Air-dried. 
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Barium -glycerylphosphate separates from hot solutions 
in bold, diamond-shaped plates with truncated ends, containing 
one-half a molecule of water of crystallisation, which is lost at 125°. 
If an aqueous solution is concentrated rapidly on the water-bath 
under diminished pressure, the salt separates as a mixture of the 
above-described plates and a felted mass of hair-like crystals: 

0°2060* lost 0°0057 at 125°. H,O=2°8. 

C,H,O,PBa,4H,O requires H,O =2'8 per cent. 
0°2003 (dried at 125°) gave 0°1521 BaSO,. Ba=44°7. 
C,;H,0O,PBa requires Ba=44°7 per cent. 

For the determination of the solubility, excess of the salt was 
shaken at constant temperature with water until saturation was 
complete, a process which takes three or four. days. The earlier 
determinations gave values for 100 c.c. of solution at 12°, which 
varied between 8 and 10 per cent. of anhydrous salt. Several 
grams were therefore converted into the brucine salt, and the latter 
recrystallised five times from twice its weight of water. The 
purified salt was reconverted into the barium salt, and the crop 
obtained on raising the temperature of the concentrated solution 
to 95°, used for the solubility determination. Two concordant 
values were obtained. 

Five c.c. of the solution saturated at 12° contained 0°335 gram 
(dried at 140°). Therefore 100 c.c. of solution at 12° contained 
6°7 grams of anhydrous salt. 

Brucine B-Glycerylphosphate-—Sodium f-glycerylphosphate (0°5 
gram) was dissolved in 5 c.c. of water, and added to brucine hydro- 
chloride (1°4 grams) in 14 c.c. of water. Long needles (1 gram) 
separated on keeping: 

0°2374 * lost 0°0274 at 100°. H,O=11'5. 

CsH,O,P,2C,;H,O,N.,7H,O requires H,O=11°6 per cent. 

Another preparation, from more concentrated solution, yielded 
crystals containing 10 molecules of water of crystallisation : 

0°2549 * lost 0°0405 at 100°. H,O=15°9. 

C;H,O,P,2C,,H,,0,N.,10H,O requires H,O=15°8 per cent. 

Of the latter preparation, 4°6 grams were recrystallised from 
15 c.c. of boiling water, the yield being 3°3 grams. It contained 
10 molecules of water of crystallisation : 

0°3061 * lost 0°0485 at 100°. H,O=15°8. 


Brucine f-glycerylphosphate crystallises from water in rosettes 
of flat, pointed needles. It is soluble in water, methyl and ethyl 
alcohols, sparingly so in ethyl acetate, very sparingly so in chloro- 
form, and insoluble in acetone. When dried in the air it sinters 


* Air-dried. 
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at 108°, and melts and decomposes at 116—117°. When dried at 
100—105° it sinters at 150°, becomes transparent at 158—160°, 
and forms a definite meniscus between 180° and 195°. The specific 
rotatory power was determined in methyl! alcohol, in which the salt 
is most soluble. Twenty-five c.c. of the solution contained 0°2578 
gram. In a 2-dem. tube a)—0°52°, whence [a], —25°2°. 


Crystalline Sodium Glycerylphosphate of Commerce (Poulene’s 
Sodium Glyceryl phosphate). 

This salt occurs in commerce in the form of magnificent tablets. 
Its properties are identical with those of sodium f-glyceryl- 
phosphate previously described. It melts at 98—100°, and a mix- 
ture with the latter salt shows no change in melting point. It 


.crystallises with 5 molecules of water, which are lost at 100°. 


(Found, H,O=29°5. Cale., H,O=29°4 per cent.) 

Found in anhydrous salt, P=144; Na,P,0,=614. Cale., 
P=14'4; Na,P,0,=61°6 per cent. 

0°3017 (dried at 100°) required 13°95 c.c. of V/10-H,SO,, using 

methyl-orange as indicator. Theory requires 13°96 c.c. 

Potassium glycerylphosphate was obtained by prolonged drying 
of an aqueous solution in a vacuum over sulphuric acid. It con- 
sisted of a brittle mass of long, prismatic needles. 

Calcium glycerylphosphate prepared from Poulenc’s sodium 
glycerylphosphate possesses properties indistinguishable from those 
of calcium f-glycerylphosphate. The salt obtained by double de- 
composition with calcium chloride solution at 15° crystallises with 
1} molecules of water, and the salt obtained by warming a cold 
saturated solution is practically anhydrous. These two salts also 
possess different solubilities. 

For the hydrated salt from cold solution: Found, H,O=11°0; 
calc, H,O=11'4 per cent. After drying at 125°: Found, 
Ca=19°2; cale., Ca=19°1 per cent. 

Five c.c. of the solution saturated at 15° contained 0°0501 (dried 
at 130°). Therefore 100 c.c. of solution at 15° contained 1:0 gram 
of anhydrous salt. 

For the anhydrous salt from hot solution: Found (after drying 
at 140°), H,O=0°6; Ca=19°2; cale., Ca=19'1 per cent. 

Ten c.c. of the solution saturated at 13° contained 0°142 (dried 
at 130°). Therefore 100 c.c. of solution at 15° contained 1°4 grams 
of anhydrous salt. ; 

Barium glycerylphosphate prepared from Poulenc’s sodium 
glycerylphosphate is also indistinguishable from barium f-glycery]l- 
phosphate. (Found, H,O=3'1, 3°3; Ba (in salt dried at 125°) = 
44°6, 44°6; cale., HO=2°8; Ba=44°7 per cent.) 
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Determinations of the solubility of several samples of this salt 
yielded values varying between six and seven parts by weight of 
anhydrous salt per 100 c.c. of solution at 12°. A quantity of pure 
salt; was obtained by ten recrystallisations of the brucine salt from 
water. The regenerated barium salt gave the following data: 

Ten c.c. of the solution saturated at 12° contained 0°576 (dried 
at 140°). Therefore 100 c.c. of solution at 12° contained 5°8 parts 
of anhydrous salt. It will be observed that this value is slightly 
less than that found for barium f-glycerylphosphate (p. 1250). 
The value 5°8 per cent. is probably the more accurate owing to 
the larger quantity of salt available for complete purification. 

Brucine glycerylphosphate prepared by double decomposition 
with Poulenc’s sodium glycerylphosphate has been obtained crystal- 
lising with 7, 8, 84, 10, and 10} molecules of water, which is ex- 
pelled in each case at 100°. Different hydrates were obtained under 
apparently identical conditions. 

Thus, brucine hydrochloride (2°8 grams in 28 c.c. of water) 
mixed with sodium glycerylphosphate (1 gram in 10 c.c. of water) 
gave brucine glycerylphosphate containing 7 molecules of water. 
(Found, H,O=11°5, 11°6; cale., HO=11°6 per cent.) 

A repetition of this preparation under identical conditions gave 
a salt containing 8} molecules of water. (Found, H,O=13°7; 
calc., H,O=13'8 per cent.) 

Of the latter salt, 0°75 gram was dissolved in 3 c.c. of hot water. 
The hydrate obtained was the heptahydrate. (Found, H,O=1177.) 

The remaining 0°55 gram was recrystallised from 1 c.c. of boil- 
ing water. The air-dried salt contained 10 molecules of water 
of crystallisation. (Found, H,0=16'5; cale., H,O=16°5 per cent.) 

Employing double the concentrations described in the first pre- 
paration, a hydrate with 8 molecules of water was obtained. 
(Found, H,O=13°0; cale., H,O=13°0 per cent.) 

Three grams of this preparation were recrystallised from 10 c.c. 
of boiling water. The salt obtained contained 10 molecules of 
water of crystallisation. (Found, H,O=15°5; cale., H,O=15'8 
per cent.) 

The various hydrates obtained exhibited an identical behaviour 
in respect of their melting point. When dried in the air they 
sinter at 108°, and melt and decompose at 116—117°. When dried 
at 100—105° they sinter at 150°, become transparent at 158—160°, 
and form a definite meniscus between 180° and 195°. 

A sample of brucine glycerylphosphate was dried at 105°, and 
analysed in the usual manner. (Found, C=61'2; H=6°2; calc., 
C=61'2; H=6'3 per cent.) 
0°2540 dissolved in methyl alcohol, and made up to 25 c.c., gave 
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a, —0°53° in a 2-dem. tube, whence [a],—26°1°, agreeing with 
brucine B-glycerylphosphate within the limits of experimental 
error. 

Quinine glycerylphosphate was prepared from Poulenc’s sodium 
glycerylphosphate by double decomposition with quinine hydro- 
chloride. It is most conveniently crystallised from seven times its 
weight of 20 per cent. alcohol. The pure salt crystallises in needles 
containing 3H,O, which is lost at 100°. In the hydrated state it 
melts at 178—180°, with slight sintering at 175°, and when dried 
at 100° it melts at 178—180°. A small quantity of quinine 
B-glycerylphosphate was prepared from pure sodium #-glyceryl- 
phosphate. It had the same melting point, and a mixture of the 
two salts showed no depression. (Found, H,O=6'1; cale., H,O= 
62 per cent. After drying at 100°: Found, C=63'2; H=7°3; 
cale., C=62°9; H=6°9 per cent.) 


r 
Preparation of Calcium a-Glyceryl phosphate. 
Fifty grams of a-monochlorohydrin (b. p. 120—121°/14 mm., 
"4 prepared by careful repeated fractionation of Kahlbaum’s mono- 
chlorohydrin) were added to a cold, saturated solution of 1 mole- 
. cular proportion of trisodium phosphate prepared from 54°5 grams 
% of sodium hydroxide and 50 grams of syrupy phosphoric acid 
F (D 1°75). Any trisodium phosphate that had been salted out was 
™ redissolved by the addition of a few c.c. of water. The homo- 
) geneous solution (volume, 675 c.c.) was now kept at room tempera- 
1. ture for several days, at the end of which period it was diluted 
with 5 litres of water and stirred with 50 grams of anhydrous 
.) } calcium chloride in a few cc. of water. The precipitated 
ss | calcium phosphate was filtered off, and the filtrate concentrated 
4 under diminished pressure on the water-bath to a volume of about 
500 cc. The hot solution containing, in suspension, calcium 
~_ a-glycerylphosphate, mixed with a little calcium phosphate, was 
of filtered rapidly, and the filtrate on further concentration gave a 
5 +8 second crop of calcium glycerylphosphate mixed with a little 
sodium chloride. The combined crops of crude calcium a-glyceryl- 
_ phosphate were suspended in about 4 litres of cold water, and 
ey stirred until only calcium phosphate was left undissolved. This 
‘ed point is easily recognised by the disappearance of the crystalline 
0°, sheen in the liquid. The clear, filtered solution was concentrated 
under diminished pressure on the water-bath to a volume of about 
a 500 c.c, The pure calcium a-glycerylphosphate was filtered off, and 
a the filtrate, on further concentration, yielded another crop of pure 
calcium salt. The total yield was 46 grams, or 48 per cent of the 
_ theoretical. 
| VOL. CV. 4N 
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Calcium a-glycerylphosphate resembles calcium f-glycerylphos- 
phate in being less soluble in hot than in cold water. It crystal- 
lises from hot aqueous solutions in transparent, square leaflets, and 
when dried in the air has a glistening appearance. When not 
quite pure the crystals are not so well formed, and generally have 
convex sides, a phenomenon which is also observed with calcium 
B-glycerylphosphate. The crystals are practically anhydrous, but 
retain, after prolonged drying in the air, a small and varying 
percentage of water : 


0°2532 * lost 0°0022 at 140°. H,O=0°9. 
0°2330* ,, 0°0007 at 140°. H,O=0°3. 
0°2510 (dried at 140°) was equivalent as oxalate to 23°98 cc. of 
N/10-KMnO, Ca=19'l. 
0°1982 (dried at 130°) gave on combustion 0°0628 H,O. H=3'5. 
C,H,O,PCa requires Ca=19°1; H=3°4 per cent. 


Ten c.c. of the solution saturated at 13° contained 0°192 (dried 
at 140°). Therefore 100 c.c. of solution at 13° contained 1°9 grams 
of anhydrous salt. 

Barium a-Glycerylphosphate.—This salt was obtained in a 
similar manner to the calcium salt, by replacing the calcium 
chloride by its equivalent of barium chloride. It was also obtained 
from the pure calcium a-glycerylphosphate by removing the calcium 
as oxalate, adding excess of baryta, and removing excess of the 
latter by a stream of carbon dioxide. In either method of prepara- 
tion it.separated from its hot aqueous solution in tufts of minute, 
crystalline leaflets of indefinite shape, which were practically 
anhydrous. It was also obtained crystalline by addition of alcohol 
to an aqueous solution until a turbidity was produced, and allow- 
ing to remain for some time. It separated on the walls of the 
vessel in nodules of crystalline leaflets: 

0°4696 * lost 0°0038 at 140°. H,O=0°8. 

C;H,O,PBa,}H,O requires H,O=2°8 per cent. 
0°4898 (dried at 140°) gave 0°3716 BaSO, Ba=44°6. 
C,;H,0O,PBa requires Ba=44°7 per cent. 


Ten c.c. of the solution saturated at 13° contained 0°141 (dried 
at 140°). Therefore 100 c.c. of solution at 13° contained 1°4 grams 
of anhydrous salt. 

Sodium a-Glycerylphosphate.—A solution of the sodium salt was 
obtained by exact double decomposition in aqueous solution between 
sodium carbonate and calcium a-glycerylphosphate. After a large 
proportion of the water had been removed by concentration on the 


* Air-dried. 
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water-bath under diminished pressure, the solution was refiltered 
from a small quantity of calcium carbonate, which had remained 
dissolved, and concentrated to a syrup of glycerol-like consistency 
in a vacuum over sulphurie acid. The syrup was stirred with 
methyl alcohol, which caused it to become considerably more 
viscous, probably by removal of the surplus water. The 
methyl alcohol was decanted off, and the residual product re- 
extracted with methyl alcohol at a temperature of 0° to —10°. (If 
sufficient methyl alcohol is used, practically the whole of the pasty 
solid passes into solution.) The filtered solution was heated in a 
vessel provided with a calcium chloride tube to exclude moisture, 
as sodium a-glycerylphosphate is extraordinarily deliquescent. 
There was an immediate separation of a white, granular powder, 
which under the microscope was seen to consist of bundles of 
diamond-shaped leaflets. By warming a more dilute solution, the 
salt crystallised out in isolated transparent, rectangular plates or 
leaflets. The solution was filtered rapidly by the aid of the pump, 
the granular solid washed with dry ether, and quickly transferred 
to a tared bottle in a vacuum desiccator. After three minutes’ 
drying at a pressure of 150 mm., to remove adhering solvent, the 
solid was analysed : 


0°1321 lost 0°0017 at 100°. Loss=1°3. 
0°1304 (dried at 100°) required 6°15 c.c. V/10-H,SO,, using 
methyl-orange as indicator. Theory requires 6°03 c.c. 
0°1411 (dried at 100°) gave 0°0864 Na,P,0,. Na,P,0,=61°2. 
C3;H,O,PNa, requires Na,P,O,=61°6 per cent. 


The anhydrous salt was also obtained crystalline by careful addi- 
tion of ether to the methyl-alcoholic solution. It separates on the 
walls of the vessel in circular nodules of minute needles. On 
expelling the water from an aqueous solution, by keeping it at 
100°, a gummy residue is left, which slowly crystallises, but on 
exposure to the air the crystals disappear, and the gum again 
becomes a syrup. On protracted drying in a vacuum over 
sulphuric acid, the syrup slowly crystallises in microscopic, mono- 
clinic prisms. 

Sodium a-glycerylphosphate is characterised by its great hygro- 
Sscopicity. Exposure to the air of the laboratory for a few seconds 
causes it to become pasty, and in a few more seconds the initially 
granular solid has become a clear syrup. The anhydrous salt is 
insoluble in cold ethyl alcohol, acetone, or ethyl acetate. 

Sodium B-glycerylphosphate, when anhydrous, is also soluble in 
methyl alcohol (dried over calcium) at 0°. On heating the solu- 
tion, there is no separation of salt until most of the methyl alcohol 


4N2 
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has boiled off, thus differing from the a-salt, which separates 
immediately on warming the solution. The A-salt is also much less 
soluble than the a-salt in methyl alcohol. The anhydrous f-salt 
is not readily hygroscopic, and on stirring a small quantity with 
very little water it dissolves, and readily crystallises in the hydrated 
state on scratching with a glass rod, thus again differing from the 
a-salt, which could not be obtained crystalline in the hydrated 
state. 

Potassium a-glycerylphosphate was obtained as a syrup by 
evaporation of its aqueous solution in a vacuum over sulphuric 
acid. Like the sodium salt, it slowly crystallised in microscopic 
leaflets, which grew, for the most part, in tufts. 

Brucine a-Glycerylphosphate.—A solution of brucine a-glyceryl- 
phosphate, prepared by exact double decomposition between 
barium a-glycerylphosphate and brucine sulphate, was evaporated 
to dryness in a vacuum over sulphuric acid. This partly de- 
hydrated salt (4°7 grams) was recrystallised from 12 c.c. of water. 
There were obtained 3°7 grams of salt (air-dried), crystallising with 
64 molecules of water: 

0°2258 (air-dried) lost 0°0238 at 100°. H,O=10°5. 

C,H O¢P,2C 3H g0,N2,6$H,O requires H,O=10°9 per cent. 

Three grams of the latter hydrate were recrystallised from 
10 c.c. of water, yielding 2°3 grams of salt (air-dried), containing 
7 molecules of water of crystallisation. (Found, H,O=11°7; 
cale., HJO=11°6 per cent.) 

This salt (1°55 grams) was dissolved in boiling water (5 c.c.), 
and the solution allowed to cool. To the supersaturated solution 
a few crystals of brucine 8-glycerylphosphate, containing 10} mole- 
cules of water of crystallisation, were added. This caused imme 
diate crystallisation, but the air-dried salt (1'1 grams) obtained 
was the heptahydrate. (Found, H,O=11°9.) 

A similar series of recrystallisation experiments only yielded the 
hydrate with 64 molecules of water of crystallisation, but by allow- 
ing 4°8 grams of partly hydrated salt in 15 c.c. of water to crystal- 
lise in a dust-free space, the solution remained supersaturated for 
several hours, and the crystalline hydrate (3°6 grams) eventually 
obtained was the decahydrate. (Found, H,O=15°9; cale., HO= 
15°8 per cent.) 

The mother liquors of this preparation, on further concentra- 
tion, yielded 1 gram of the hydrate, containing 64 molecules of 
water, and the decahydrate itself, on recrystallisation (3°3 grams 
from 10 c.c. of water), gave the heptahydrate. 

In one instance the hydrate containing 11}H,O was obtained. 
(Found, H,O=17'9; cale., H,O=17'7 per cent.) 
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A sample of the anhydrous salt was analysed in the usual 


manner : 
0:1881 (dried at 100°) gave 04224 CO, and 0°1092 H,0. 
C=61'2; H=6'5. 
C,H,O,P,2C,;H,0,N. requires C=61°2; H=6°3 per cent. 

Brucine a-glycerylphosphate crystallises from water in bunches 
of elongated, oblong plates. By slow evaporation of an aqueous 
solution in a vacuum, it separates in bold tablets. The a-salt 
exhibits a similar behaviour to the A-salt as regards its melting 
point. When dried in the air, it sinters at 107°, and decomposes at 
115°. When dried at 105°, it sinters at 150°, becomes transparent 
at 158—160°, and forms a definite meniscus between 180° and 195°. 
Mixtures with brucine B-glycerylphosphate show no depression of 
melting point. 

The rotation was determined in methyl alcohol, in which solvent 
the substance is more readily soluble than the f-salt. Twenty-five 
c.c. of the solution contained 0°2814 of anhydrous salt. In a 
2-dem. tube a, —0°54°, whence [a],,—24°0°. 

Quinine a-glycerylphosphate was obtained by double decomposi- 
tion between sodium a-glycerylphosphate and quinine hydro- 
chloride. It separates from 20 per cent. alcohol in needles, con- 
taining 44H,O, which is lost at 100°. When dried in the air, it 
commences to sinter at 147°, becomes transparent at 155°, and 
only forms a definite meniscus at temperatures above 160°. When 
anhydrous, it becomes transparent at 155—156° without previous 
sintering, and forms a meniscus at higher temperatures: 

0°2011 (air-dried) lost 0°0180 at 100°. H,O=9°0. 

C;H,O,P,2Co9H.4O,N>,44H,O requires H,O=9°0 per cent. 

0°1810 (dried at 100°) gave 0°4187 CO, and 0°1146 H.0O. 

C=63:1; H=7'1. 
C;H,O,P,2Co9H40,N, requires C=62°9; H=6'9 per cent. 


Preparation of B-Dichlorohydrin. 


The original method for the preparation of -dichlorohydrin, 
given by Hiibner and Miiller (Annalen, 1871, 159, 179), consisted 
in passing a dry current of chlorine over dry allyl aleohol. Accord- 
ing to Tornoé (Ber., 1891, 24, 2670), a 20 per cent. yield of 
dichlorohydrin is obtained. We have confirmed this, and have 
been able to double the yield by dissolving the dry allyl alcoho: 
in dry carbon disulphide, and passing in a dry current of chlorine. 
We found that the following quantities gave the best yield: 

Fifty grams of dry allyl alcohol were dissolved in 100 c.c. of dry 
carbon disulphide, and a current of dry chlorine was passed in 
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until the increase of weight corresponded with that required, the 
whole being immersed in a freezing mixture. The contents were 
kept stirred, as a separation into two layers rapidly occurs. 
Towards the end of the process, hydrochloric acid vapours were 
evolved. The carbon disulphide was distilled off on the water-bath, 
and the residue distilled under diminished pressure. The portion 
boiling up to 130°/14 mm. was collected, and redistilled at the 
ordinary pressure. The fraction boiling at 180—186° was collected 
separately, and was the required dichlorohydrin. Yield, 45 grams, 
or 40 per cent. of theory. 


Preparation of Calcium bis-By-Dichloropropyl phosphate, 
[(CH,Cl-CHCl-CH,-0),P0-0],Ca,2H,0. 


Fifty grams of B-dichlorohydrin were boiled under a reflux 
condenser for two and three-quarter hours with an equimolecular 
proportion of phosphoryl chloride (59°5 grams). When cold, the 
liquid was poured, with external cooling, into a suspension of 
150 grams of slaked lime in 14 litres of water. After remaining 
for a day, the solution was filtered, and the filtered solid thoroughly 
extracted with water. The remainder of the process was conducted 
exactly as described for the preparation of calcium bis-s-dichloro- 
isopropylphosphate. The yield of crude calcium salt was 28 grams, 
and on recrystallisation from five times its weight of boiling water 
yielded 19 grams of pure salt. 

Calcium bis-By-dichloropropylphosphate crystallises from water 
in clusters of prismatic needles containing 2H,O, which is lost at 
125°. It melts and decomposes at 273°. It is very readily soluble 
in acetone, ethyl acetate, or methyl alcohol, soluble in alcohol or 
water, sparingly so in benzene or chloroform, and insoluble in light 
petroleum : 

0°3362 * lost 0°0168 at 125°. H,O=5°0. 

0°1906 * gave 0°1422 CO, and 0°0566 H,O. C=20°3; H=3°3. 

C}.H,0,P,C],Ca,2H,O requires H,O=5°0; C=20°2; H=3°4. 

0°1866 (dried at 125°) gave 0°3142 AgCl. Cl=41°7. 

0°3194 - was equivalent as oxalate to 9°76 c.c. 

N/10-KMnO,. Ca=6'1. 
0°1794 (dried at 125°) gave 01400 CO, and 0°0522 H,0O. 
C=21'3; H=3°3. 

C,H 90,P,Cl],Ca requires C=21'2; H=3'0; Ca=5'9; Cl=41°8 

per cent. 

On addition of hydrochloric acid to a concentrated aqueous 
solution of this salt, bis-By-dichloropropylphosphoric acid separates 

* Air-dried. 
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out as an oil. By mixing the solutions at 0°, however, the free acid 
crystallises in needles. 

Hydrolysis of Calcium bis-By-Dichloropropylphosphate —Thirty 
grams of the pure salt were boiled with a solution of 27 grams of 
anhydrous sodium carbonate in water. After sixteen hours’ boil-. 
ing, 56 per cent. of the chlorine was in the ionic state, and after 
a further twenty-three hours there was no appreciable increase in 
the chloridion. The solution was boiled for a further eighty-five 
hours. Considerable darkening occurred, which rendered it diffi- 
cult to estimate the chlorine volumetrically. On working up the 
solution, the inorganic salts which separated proved to be composed 
of a mixture of sodium chloride, unchanged sodium carbonate, and 
sodium phosphate. The mother liquors did not yield a crystalline 
sodium glycerylphosphate, but gave, on double decomposition with 
calcium chloride, a small yield of a poorly crystalline calcium 
glycerylphosphate, which was obviously impure. 


Preparation of Calcium bis-By-Dibromo propyl phosphate, 


B-Dibromohydrin (50 grams) was boiled under a reflux con- 
denser for three hours with phosphoryl chloride (70 grams). The 
mixture was worked up as described for the corresponding chlorine 
compound. The yield of crude calcium salt was 13 grams, and on 
recrystallisation from boiling water 8 grams of pure calcium 
bis-By-dibromopropylphosphate were obtained. 

Caleium bis-By-dibromopropylphosphate crystallises from water 
in long needles with 4H,O, which is lost at 125°. It melts and 
decomposes at 250°. It is very readily soluble in methyl alcohol, 
soluble in water or acetone, less soluble in ethyl acetate or ethyl 
alcohol, and sparingly soluble in chloroform or benzene: 

0°4093 * lost 0°0271 at 125°. H,O=6°6. 

0°2926 * was equivalent as oxalate to 5°26 c.c. W/10-KMn0Q,. 

Ca=3'6. 
0°1978 * gave 0°0935 CO, and 0°0450 H,O. C=12°9; H=2°5. 
C}.H)0,P,Br,Ca,4H,O requires C=13°0; H=2°6; Ca=3'6; 
H,O=6°5 per cent. 
0°2872 (dried at 125°) gave 0°4155 AgBr. Br=61°6. 
C;.H,0,P,Br,Ca requires Br=61°9 per cent. 
bis-By-Dibromopropyl phosphoric acid is obtained, erystallising in 
needles, by the addition of hydrochloric acid to a concentrated 


aqueous solution of the calcium salt kept at a temperature of 
-10°. 


THe Weticome CHEMICAL Works, 
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OF SUCROSE 


BURROWS: THE INVERSION 


CXVI.—The Inversion of Sucrose by Acids in Water- 
Alcohol Solutions. 


By Georce JosEepH BuRRowS. 


WHILE employing the inversion of sucrose solution by hydrochloric 
acid for determining the degree of hydrolysis of carbamide hydro- 
chloride, it was found that the rate of inversion was greater in 
75 per cent. alcohol than in water. As previous results had shown 
that for concentrations of alcohol up to 50 per cent. the rate 
decreased with increasing concentration of alcohol, it seemed of 
interest to investigate more fully the influence of ethyl alcohol. 

In the following experiments the solutions were always prepared 
at the temperature of the experiment; the alcoholic percentages 
are by volume. Thus, in preparing a 20 per cent. solution of 
sucrose for inversion at 25°, the requisite weight of sucrose was 
dissolved in the particular solvent in question, and the solution 
placed in a bath at 25° and diluted to the necessary volume at 
that temperature. If the solvent required was 40 per cent alcohol, 
40 ec.c. of alcohol were mixed with 60 c.c. of water, and this 
mixture was used for dissolving the sucrose. The hydrochloric 
acid was prepared in a similar manner. Thus, for a normal solu- 
tion of hydrochloric acid in 50 per cent. alcohol, 20 c.c. of 5N- 
hydrochloric acid were mixed with 20 c.c. of alcohol, and this solu- 
tion was diluted to 100 c.c. at 25° with a mixture of equal volumes 
of water and alcohol. The solution for the particular inversion 
was then prepared by mixing equal volumes of the acid and sucrose 
dissolved in the same solvent. The solution was placed in a polari- 
scope tube surrounded by a jacket, through which water flowed 
from a thermostat, and by this means the temperature was kept 
constant to one-tenth of a degree. The solution was allowed to 
remain in the tube for at least twenty minutes before taking the 
initial reading, as it was found that otherwise the first few values 
of “k” were irregular. A Duboscq half-shade saccharimeter was 
used for reading the polarisations. 

The velocity-constant ‘“k,” was calculated from the following 
formula for a unimolecular reaction: 

~~ ki -Ry 
lel Geant 

where &, is the rotation at the beginning of the inversion, 2, that 
at the completion, and #, the rotation after an interval of time ¢ 
(minutes). All values of 2 were read on the sugar scale. 
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In the following tables are given the results for the inversion of 


10 per cent. sucrose solution by W/2-hydrochloric acid. 
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TaBLE I. 


10 Per cent. of sucrose and WV /2-hydrochloric acid in water. 
Temperature 25°. 


Time in Time in 

minutes. Ri k. minutes. R.. k. 
0 59-9 — 120 24-8 0-00217 
36 46-8 0-00222 150 18-5 0-00219 
60 39-4 0-00221 174 14-7 0-00217 
2 33°3 0-00221 252 4-0 0-00218 

100 29-0 0-00219 6 —18-0 — 
Mean=0-00219 

TABLE IT. 


10 Pei cent. of sucrose and WV/2-hydrochloric acid in 167 
per cent. alcohol. Temperature 25°. 


Time in Time in 
minutes. R,. k. minutes. R,. k. 
0 60-4 — 111 28-0 0-00216 
40 46-9 0-00211 130 24-0 0-00216 
5G 44-0 0-00210 150 20-2 0-00216 
72 38-0 0-00309 oa — 16-0 — 
50 33-0 0-00214 Mean =0-00213 
TABLE III. 


10 Per cent. of sucrose and W/2-hydrochloric acid in 25 per 


Time in 
minutes. R,. 
0 61-4 
40 48-5 
60 42-9 
| $2 37-0 
102 32-3 
10 Per cent. 
Time in 
minutes. R,. 
0 60-4 
28 52-0 
75 40-0 
t 90 36-8 
105 33-5 


cent. alcohol. Temperature 25°. 


Time in 
k. minutes. 
— 12] 
0-00202 1546 
0-00202 212 
0-00205 268 
0-00206 = 
TABLE IV. 


cent. alcohol. 


k. 
0-00190 
0-00194 
0-00190 
0-00189 
0-00191 


R,. k. 
28-2 0-00206 
21-9 0-00205 
13-5 0-00204 

6-9 0-00205 

—14-5 = 


Mean = 0-00204 


of sucrose and WV/2-hydrochloric acid in 40 per 


Temperature 25°. 


Time in 


130 
150 
190 
237 


minutes. 


R,. k. 
28-2 0-00195 
24-7 0-00195 
19-5 0-00189 
13-3 0-00191 
—12-4 — 


Mean = 0-00192 


TABLE V. 


TABLE VII. 


Time in minutes. R,. 
0 42-5 
52 28-0 
80 20-5 
102 15-6 
140 8-0 
160 5-0 
193 0-0 
210 — 32 
242 — 8-5 
© — 27-1 


TaBLe VIII. 
Alcohol 
(volume per cent.). 


Time in Time in 
minutes. Ry. k. minutes. 
0 44-9 = 243 
21 39-0 0-00180 274 
48 33-0 0-00167 336 
103 21-5 0-00169 | 372 
192 6-9 0-00173 | co 
220 3°5 0-00173 
TABLE VI. 


Time in Time in 
minutes. Ri k. minutes, 
0 42-5 — 122 
21 36-5 0-00184 160 
40 31-5 0-00184 181 
61 26-2 0-00187 230 
80 23-0 0-00178 _ 
100 18-0 0-00185 
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10 Per cent. of sucrose and W/2-hydrochloric acid in 50 per 
cent. alcohol. Temperature 25°. 


k. 
0-00178 
0-00181 
0-00184 
0-00184 


Mean = 0-00176 


10 Per cent. of sucrose and .V/2-hydrochloric acid in 60 per 
cent. alcohol. Temperature 25°. 


k. 
0-00184 
0-00186 
0:00187 
0-00186 


Tean = 0-00185 


10 Per cent. of sucrose and N/2-hydrochloric acid in 75 per 
cent. alcohol. Temperature 25°. 


k. 
0-00195 
0-00206 
0-00208 
0-00212 
0-00210 
0-00212 
0-00212 
0-00210 


Mean = 0-00208 


k, 
0-00219 
0-00213 
0-00204 
0-00192 
0-00176 
0-00185 
0-00208 


The results of experiments at 25° are summarised in table VITI. 
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It is seen that the rate of inversion decreases with increasing 
concentration of alcohol up to 50 per cent., and then increases. 
The values of “k%” in tables I—V are about 3 per cent. higher 
than those given by Kablukov and Tsakoni (Ber., 1892, 25, 499) 
for the same solutions. If the values of “” are plotted against 
alcohol-concentrations, they are found to lie on a curve having a 
minimum corresponding with 50 per cent. of alcohol. 

The difference between the initial values in tables I—IV and 
those in tables V—VII is due to the fact that the inversions were 
performed at different dates, and the zero reading of the sacchari- 
meter was different. 

Experiments were next carried out at a higher temperature to 
ascertain whether the minimum was affected by temperature. In 
table IX are given the results for the inversion of 7°5 per cent. 
sucrose by WV /2-hydrochloric acid in water-alcohol mixtures at 30°. 


TABLE IX. 
Aleohol 
(volume per cent.). k. 

0-0 0-00414 
20-0 0-00407 
40-0 0-00376 
45-0 0-00361 
50.0 0-00373 
60-0 0-00407 
70-0 0-00454 
75-0 0-00508 


If the values of “k” are plotted against alcohol-concentrations, 
a minimum is found corresponding with 45 per cent. of alcohol 
(by volume). 

The replacement of water by alcohol as solvent has a marked 
effect on the rotation of sucrose after inversion. This is shown by 
the figures in table X. 


TABLE X. 


75 Per cent. of sucrose and WV /2-hydrochloric acid. 
Temperature 30°. 


Alcohol 
per cent. R. (sugar scale). Difference. 
0 — 12-6 — 
20 — 10-0 2-6 
40 —T7:5 5-1 
50 —6-0 6-6 
60 —5-0 7-6 
70 —3-9 8-7 
75 —3-4 9-2 


(Note: In all inversions in this series the zero reading of the 
saccharimeter was the same.) 
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Wender (Biochem. Zeitsch., 1911, 30, 368) has studied the effect 
on rotation caused by the addition of neutral substances to solu- 
tions of levulose, and in particular has shown that alcohol de- 
creases the rotatory power of levulose, the decrease being pro- 
portional to the concentration of the alcohol. The decrease in 
rotation shown by the figures in table X is proportional to the 
alcohol-concentration up to 60 per cent. alcohol, after which the 
effect is less marked. This decrease is due mainly to a decrease 
in the rotatory power of levulose. Alcohol has comparatively little 
effect on the rotatory power of dextrose, a solution in water read- 
ing 22°3 on the sugar scale, and the same concentration in 80 per 
cent. alcohol reading 25°0. In the case of sucrose, there was no 
difference between the rotation in water and in 50 per cent. 
alcohol. E. E. Walker (Proc. Roy. Soc., 1913, A, 88, 246) con- 
siders that the alteration in the rotatory power of levulose, caused 
by the addition of alcohol, is due to a difference in the propor- 
tions in which the two forms a(d) and A(/) are present in 
equilibrium. He also considers that the relatively large tempera- 
ture-coefficient of levulose is explained in the same way. When 
either the temperature or the medium is altered the equilibrium 
is disturbed, producing a larger or smaller quantity of the a-form 
relative to the B. 

In the case of dextrose, the two forms a and B are both dextro- 
rotatory, so that an appreciable alteration of the equilibrium would 
only cause a small change in the rotation. 

Experiments with 10 per cent. of sucrose and V/10-hydrochloric 
acid at 40° gave the following rates of inversion: 


TaBLe XI. 
Alcohol 
(volume per cent.). k. 
0 0-00265 
25 0-00255 
50 0-00230 
75 0-00274 


These results indicate a minimum value of “” for a solvent 
containing 50 per cent. of alcohol, but the number of results is 
insufficient definitely to fix the position of the minimum. 

As it had been found that hydrochloric acid gave a minimum 
rate of inversion for an aqueous-alcohol solvent containing 45—50 
per cent. of alcohol, it appeared of interest to see if sulphuric acid 
would give a similar result. 

In table XII are given the results of a series of experiments 
with 7°5 per cent. of sucrose and WV /2-sulphuric acid at 30°. 
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TaBLE XII. 
Alcohol 
(volume per cent.), k. 

0-0 0-00218 
20-0 0-00186 
40-0 0-00168 
45-0 0-00162 
50-0 0-:00162 
60-0 0-00171 
70-0 0-00192 
75-0 0-00205 


Here, again, a minimum value is obtained for a solvent contain- 
ing 45 per cent. of alcohol (by volume). 

If we compare the velocities of inversion by WV /2-hydrochloric 
acid with those by sulphuric acid, a gradual change in the relative 
activities of the two acids is noticed. 


TaBLeE XIII. 
75 Per cent. of sucrose and V/2-acid. Temperature 30°. 
Alcohol 

(volume per cent.). kx 10°(HCl). k x 10°(H,SO,). Ratio. 
0 414 218 1-90 

20 407 186 2-19 

40 376 168 2-24 

45 361 162 2-23 

50 373 162 2-30 

60 407 171 2-38 

70 454 192 2-37 

75 508 205 2-48 


In 75 per cent. alcohol NW/2-hydrochloric acid has a greater 
strength, relative to sulphuric acid, than in water. This is in 
accord with our knowledge of the two acids; one would expect the 
amount of dissociation of the sulphuric acid to be reduced to a 
greater extent by alcohol than that of the stronger acid, hydro- 
chloric. 

Discussion of Results. 


The velocity of inversion of sucrose by acids in aqueous solu- 
tions is proportional to the concentration of hydrogen ions in the 
solution. For different concentrations of the same acid, the 
velocity is not strictly proportional to the concentration of the 
acid, the inversion being more than twice as fast with NW /8-hydro- 
chloric acid, for instance, than with 4/16. Cohen (Zeitsch. 
physikal, Chem., 1899, 28, 151) has shown that this is also the 
case for solutions of hydrochloric acid of different concentrations 
in 20 and 50 per cent. ethyl alcohol; halving the concentration 
of the acid reduces the velocity of inversion by more than one 
half. Still, the agreement between inversion-velocity and con- 
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centration of the acid is sufficiently close to enable us to conclude 
that for the same solvent the velocity is proportional to the con- 
centration of the catalytic hydrogen ions. 

It was therefore thought that the effect of replacing water by 
alcohol would be to decrease the velocity of inversion correspond- 
ing with a depression of the dissociation of the acid, and the 
observed decrease in the values of “%” up to 50 per cent. alcohol 
were at first interpreted in this way. Since, however, for con- 
centrations of alcohol greater than 50 per cent. the velocity 
increases in each of the series investigated, it is apparent that the 
alcohol has some other effect on the catalysis independent of its 
influence on the dissociation of the acid. 

Unfortunately, the data for the dissociation of hydrochloric acid 
in mixtures of ethyl alcohol and water are very limited. Kablukov 
(Zeitsch. physikal. Chem., 1889, 4, 433) has measured the con- 
ductivity of hydrochloric acid of different concentrations in a few 
water-alcohol mixtures; the figures published are incomplete, but 
by plotting the molecular conductivities against dilutions, it was 
possible to find the conductivity of W/2-hydrochloric acid in each 
of these solutions, and to extrapolate for the infinite value, and 
so obtain the degree of dissociation. Although the results so 
obtained are liable to error, they will at least enable us to form 
some conclusion as to the relative amounts of dissociation of the 
acid in water-alcohol mixtures. These results were then plotted 
against alcohol concentrations, and the following values obtained 
from this curve: 


Alcohol (volume per cent.) ...... 0-0 20:0 400 50:0 60:0 70-0 
Dissociation of N/2-HCl............ 0-86 085 080 0-72 065 0-53 


Walker and Hambly (T., 1897, 71, 64) have measured the con- 
ductivity and calculated the dissociation of W/10-solutions of 
diethylammonium chloride at 25° in aqueous alcohol, and the 
following figures, taken from their work, 


Alcohol (volume per cent.) ...... 0-0 10:1 30-7 49:2 72:0 90-3 
fh. sadasdnnsescccsnegetcnsschscscacsaseccs 84-7 649 405 30:0 23-9 17-0 
Deidiansanebtebhssccastuensitnnsieosinseses 0-788 0-778 0-751 0-699 0-607 0-438 


show that the decrease in dissociation in this case is of the same 
order as that calculated for V/2-hydrochloric acid, and as diethy]- 
ammonium chloride is a strongly dissociated electrolyte, we may 
conclude that the figures for hydrochloric acid ate approximately 
correct. 

Assuming that these values are correct, we can determine the 
effect of the solvent on the reaction, irrespective of its dissociating 
power as regards the acid, by dividing the values of the inversion- 
velocity by the degree of dissociation of the acid in each of the 
solutions. 


ee Sel OU ErlUlUDT OO Cl * 
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TaBLE XIV. 
Alcohol z 
(volume per cent.). k x 10° (at 25°). a(HCl). k x 10°/a. 

0 219 0-86 255 
20 210 0-85 247 
40 192 0-80 240 
50 176 0-72 244 
60 185 0-65 285 
70 199 0-53 375 


When plotted against alcohol-concentrations, the figures in the 
fourth column give a curve which still has a minimum value for 
a solution containing 48 per cent. of alcohol by volume. It is 
therefore apparent that in such a series of solvents the velocity of 
inversion does not remain proportional to the concentration of the 
catalytic ion, but is also a function of some other property of the 
solvent. 

Fitzgerald and Lapworth (T., 1908, 93, 2167), and Goldschmidt 
(Zeitsch. Elektrochem., 1909, 15, 4), have considered the effect of 
the addition of small quantities of water in the catalytic esterifica- 
tion of carboxylic acids in alcohol. In these cases they conclude 
that the water diminishes the catalytic power of the acid by de- 
creasing the amount of available hydrogen ions. These authors 
infer from their results that the rate of esterification is not pro- 
portional to the concentration of the hydrogen ions, but rather to 
the concentration of the ions available for catalysis, which is 
greater in absolute alcohol than in alcohol containing water. 
Tubandt (Annalen, 1907, 354, 259) has also considered the anti- 
catalytic effect of the addition of water in the inversion of 
menthone in different solvents; in the case of ethyl alcohol, the 
addition of 2 per cent. of water was shown to decrease the constant 
to one-third of its value in absolute alcohol. Dawson (T., 1911, 
99, 1) has recorded a similar effect in the absorption of iodine by 
acetone in the presence of acids. Reid (Amer. Chem. J., 1909, 
41, 499) has also shown that the presence of water has a retard- 
ing effect in the alcoholysis of benzamide. It therefore seems 
general that the addition of small quantities of water greatly 
diminishes the rate of catalysis, and in the case of the inversion 
of sucrose the increase in velocity for solutions containing more 
than 50 per cent. of alcohol may be interpreted in this way. 

From the fact that a minimum value is obtained in a certain 
mixture, however, it is evident that the rate of inversion is 
modified by some other property of the solvent. The author there- 
fore concluded that the curve obtained by plotting inversion- 
velocity against alcohol-concentration was a resultant of two curves, 
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one of which decreased with increasing alcohol-concentration, the 
other increasing. 

From experiments on the hydrolysis and alcoholysis of benzamide, 
Reid (loc. cit.) concluded that the velocity of catalysis was related 
to the viscosity of the solution. The present author is of the 
opinion that the velocity of inversion of sucrose in the solutions 
under investigation is also a function of the fluidity of the medium. 
Traube (Ber., 1886, 19, 871) has shown that the viscosity of water- 
alcohol mixtures at 25° reaches a maximum value for a concentra- 
tion of alcohol of 45 per cent. by weight, or 51 per cent. by volume. 
The fact that the minimum velocity of inversion at 25° is found 
for a solvent containing 50 per cent. of alcohol indicates some 
relationship between fluidity and catalysis. The conductivity of 
electrolytes is known to be a function of the viscosity of the 
solvent. Thus, Jones and Carroll (Amer. Chem. J., 1904, 32, 521) 
have shown that a minimum value is obtained for the conductivity 
of most salts dissolved in water-methyl alcohol mixtures, the com- 
position of the solvent corresponding with the minimum, changing 
with temperature. Cohen (Zeitsch. physikal. Chem., 1898, 25, 31) 
also found that a minimum of conductivity is obtained for 
N /2048-solutions of potassium iodide at 18° in water-ethyl alcohol 
mixtures, the minimum occurring between 60 and 80 per cent. of 
alcohol, although in the case of more concentrated solutions no 
minimum was found. 

This variation of the conductivity with fluidity is due to the 
effect of the medium on the mobility of the conducting ions. It is 
reasonable to assume that the medium will have a similar effect 
on the activity of the reactive ions in the inversion of sucrose and 
similar reactions, so that the observed reaction-velocity will be 
modified by the viscosity of the solution. The conductivity of an 
electrolyte is a function of dissociation, and also of the mobility of 
the ions, and therefore of fluidity. Therefore, if the inversion- 
constants be divided by the conductivity of W/2-hydrochloric acid 
in each of the solvents, the numbers so obtained will represent the 
effect of the medium on the catalytic power of the acid, irrespective 
of dissociation and viscosity. 

The conductivity of N/2-hydrochloric acid was determined in 
water, 25 per cent., 50 per cent., and 75 per cent. alcohol at 25°, 
and the values for other concentrations were deduced from these. 
Taking the conductivity in water as unity, the ratio of k: for 
the different solvents is given in the fourth column of table XV. 
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TABLE XV. 
Ratio of 
Alcohol Inversion conductivities 

(volume per cent.). velecity k x 10°. (x). hip 
0 219 1-0 219 

20 210 0-641 327 

40 192 0-394 488 

50 176 0-312 564 

60 185 0-242 765 

70 199 . 0-184 1080 


The values of &: » lie on a regular curve. 


From the figures in column 4 it is seen that the activity of the 
catalyst increases with increasing concentration of alcohol; the acid 
is more active in alcoholic than in aqueous solutions, the addition 
of water diminishing the catalytic activity of the acid. This is in 
agreement with the results of Fitzgerald and Lapworth (loc. cit.), 
and of Tubandt (loc. cit.), for the addition of small quantities of 
water. It seems from the above results that the depressing effect 
of water on the catalytic power of hydrogen ions is general for all 
concentrations of the water. 

The curve expressing the variation of the observed values of the 
rate of inversion of sucrose with the concentration of alcohol in 
the solution can therefore be interpreted as the resultant of two 
curves, (a) expressing the effect of the medium on the degree of 
dissociation of the acid and the mobility of the hydrogen ions 
(which is a function of viscosity), and (b) expressing the effect of 
the composition of the solvent on the activity of the catalyst. 
That the mobility of the catalytic ion is related to the velocity of 
catalysis is shown also in the case of gelatin solutions. The rate 
of hydrolysis of methyl acetate by hydrochloric acid is the same 
in water as in a solution containing gelatin; but the migration- 
velocity of ions is also the same in both solutions, although there 
is a great difference in the relative viscosities. This would seem 
to indicate that the velocity is proportional to the migration- 
velocity of the ions rather than to the fluidity of the solvent. In 
cases where the medium, although viscous, has little effect on the 
mobility, it will also have but little effect on the catalysis, but if 
the mobility is decreased, a corresponding decrease will be observed 
in the rate of catalysis. 

It is the author’s intention to extend this investigation to binary 
mixtures of other solvents to see if the results noted above are 
general. 

Summary. 

(1) The rates of inversion of sucrose by hydrochloric and 
sulphuric acids in mixtures of water and ethyl alcohol up to 75 per 
VOL. CV. 40 
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cent. of alcohol have been measured, and in every case a minimum 
velocity has been found for a solution containing 45—50 per cent. 
of alcohol. 

(2) The velocity of inversion of sucrose in these mixtures is a 
function of the fluidity of the solution. By considering the 
velocity to depend on the concentration and mobility of the 
hydrogen ions, as determined by conductivity, the catalytic 
activity of the ions has been shown to be greater in alcoholic than 
in aqueous solutions. 

(3) The relative activities of W/2-hydrochloric and sulphuric 
acids have been shown to vary with the solvent. 


The author desires to express his thanks to Professor Fawsitt for 
his interest and advice throughout this investigation. 


THR CHEMICAL LABORATORY, 
SypDNEY UNIVERSITY. 


CXVII.—Direct Combination of Nitrous Acid with 
Primary, Secondary, and Tertiary Amines. 


By Pancuanan NEocI1. 


Havine isolated the nitrites of the primary, secondary, and 
tertiary amines from mixtures of their hydrochlorides and alkali 
nitrites (Neogi, P., 1911, 27, 242; T., 1912, 111, 1610; Chem. 
News, 1913, 108, 53, 62), the author advanced the theory that an 
amine nitrite is formed as an intermediate compound in the inter- 
action of nitrous acid and the amines (excepting purely aromatic 
amines) which decomposes at a higher temperature, yielding alcohol 
and nitrogen in the case of a primary amine, nitroso-compound in 
the case of a secondary amine, and the free base with the corre- 
sponding nitrate and nitric oxide in the case of a tertiary amine. 
In continuation of the same subject, the direct interaction of free 
nitrous acid and free amines at a low temperature, which, accord- 
ing to this theory, should yield amine nitrites, has been studied. 
Experiments have amply shown that amine nitrites are actually 
formed at 2 low temperature by the additive combination of free 
nitrous acid’ with the amines. 


EXPERIMENTAL. 


With suitable precautions, as Divers has shown (T., 1899, 75, 
87), a solution of pure nitrous acid may be prepared, which will 
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produce pure sodium or potassium nitrite when neutralised with 
the corresponding alkali hydroxide.* 

For the preparation of pure nitrous acid solution, alterations 
have been made in the arrangement made by Divers in preparing 
nitrogen trioxide. The air is first expelled by a current of 
hydrogen so that the excess of nitric oxide may not form any 
nitrogen peroxide with the oxygen of the air. The gaseous 
nitrogen trioxide is passed through one or two U-tubes, either 
empty or loosely packed with glass-wool, immersed in cold water 
in order to condense vapours of nitric acid, and then absorbed in 
water contained in a flask immersed in ice-cold water. This flask 
is provided with a tap-funnel, into which is poured at the time of 
neutralisation ice-cold solutions of ammonia or the amines. This 
method of neutralisation is much better than that of passing the 
gaseous nitrogen trioxide directly into the solution of the amines, 
as the chances of the formation of nitrates are much less. <A 
small piece of litmus paper is placed in the flask in order to 
ascertain the point of neutralisation. The exit tube from this 
flask dips into a beaker containing water or sodium hydroxide 
solution. The colour of the nitrous acid solution should be pale 
blue, as very concentrated solutions are apt to decompose even in 
the cold. During the neutralisation the temperature should not 
rise appreciably, and the amine should be added until the small 
piece of red litmus paper in the flask becomes slightly blue. In 
no case will there remain any excess of nitrous acid; on the con- 
trary, it is preferable to have a slight excess of the amine, which, 
during concentration of the solution in the vacuum desiccator, will 
be absorbed by the sulphuric acid. After neutralisation the gases 
inside the flask containing the nitrous acid solution, which has been 
previously detached from the generating flask, are expelled by 
hydrogen, the delivery tube being raised from the solution. The 
resultant solution, when analysed by the “urea” and Crum- 
Frankland process, is found to consist of almost wholly pure 
nitritet 

* In this connexion the observations of Divers (Joc. cit.) on the preparation of 
sodium and potassium nitrites by the action of nitrous acid on the corresponding 
alkali hydroxides should be noticed. The author fully confirms Divers’ views, with 
this reservation, that more stringent precautions should be taken in order to prepare 
pure nitrites. 

+ It is to be noted that this method of neutralisaiion would be the best method of 
preparing the amine nitrites in a pure condition, and should be preferred to the 
costly method of double decomposition of silver nitrite and amine hydrochlorides or 
the tedious process of vacuum distillation in steam of mixtures of amine hydro- 
chlorides and alkali nitrites. Using ice-cold solutions, even if the air were not 
previously driven out by hydrogen, the proportion of nitrate formed would be 
small provided that the end delivery tube dips in water, so that no fresh air may 
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If, however, nitrous acid is mixed with the amines at the 
ordinary temperature, mixtures of nitrite and nitrate are obtained, 
part of the nitrite decomposing into the corresponding alcohol in 
the case of a primary amine, and into the nitroso-compound in the 
case of the secondary. 


Amines and Nitrous Acid. 


Primary 


mmonia and Nitrous Acid. 
A d 


A solution of ammonium nitrite (diluted) obtained by neutralisa- 
tion gave: 


1 c.c.=3°6 c.c. Ng 
=3°7 c.c. NO. 
The solution on crystallisation in a vacuum desiccator gave 
colourless, deliquescent crystals of ammonium nitrite. The crystals 
sublimed when heated in a vacuum [Found, N(“nitritic”) =20°8. 
NH,’NO, requires N(‘“ nitritic’’)=21°8 per cent.]. 


Methylamine and Nitrous Acid. 


A solution of methylammonium nitrite after neutralisation gave: 
1 c.c.=9°2 c.c. Ng 
=9°3 cc. NO. 
On crystallisation colourless, deliquescent crystals having a slight 
greenish-yellow tinge were obtained [Found, N(“ nitritic ”’)=17°1. 
CH;N,HNO, requires N(“nitritic”)=18-0 per cent. |]. 


Ethylamine and Nitrous Acid. 


A solution of ethylammonium nitrite after neutralisation gave: 


1 c.c.=10'2 c.c. Ng 
=10°2 cc. NO. 

On concentration in a vacuum desiccator ethylammonium nitrite 
was obtained as a greenish-yellow liquid, very soluble in water and 
alcohol [Found, N(“nitritic”)=15°6. C,H,N,HNO, requires 
N(“‘nitritic””)=15°2 per cent.]. 
enter into the flask. It may be mentioned that calcium and barium nitrites, which 
are generally prepared by the costly and tedious method of double decomposi- 
tion, can be easily prepared in a pure condition by passing gaseous nitrogen 
trioxide directly into ice-cold water in which the carbonate is suspended, with the 
precautions noted above. A solution of ca'cium nitrite thus prepared gave 

lec = 98ec. N, 
9°9 c.c. NO, 


aud a solution of barium nitrite gave 
lec = 10°'4¢c. Ny 
10°4 c.c. NO. 
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Benzylamine and Nitrous Acid. 


During neutralisation even with ice-cold solutions the liquid 
becomes slightly cloudy, owing to the formation of small quantities 
of benzyl alcohol. The solution of the nitrite, however, is stable, 
and after allowing it to remain for some time, the small quantity 
of benzyl alcohol floats on the solution as oil drops, and is removed. 
The nitrite is then obtained in colourless, deliquescent crystals, 
soluble in water or alcohol. The crystals sublime when heated in a 
vacuum [Found, N(“nitritic”’)=83. C,H,N,HNO, requires 
N(“ nitritic””)=9°0 per cent.]. 

A solution gave: 

1 c.c.=5°4 c.c. Nog 


=5°5 ec. NO. 


Propylamine and Nitrous Acid. 


A solution of propylammonium nitrite obtained by neutralisation 
gave: 


1 cc. =6°2 cc. Nz 
=6°2 c.c. NO. 


On crystallisation a slightly greenish-yellow liquid was obtained. 


The liquid was very soluble in water or alcohol [Found, N(“ nitri- 
tic”)=12°5. C,H ,N,HNO, requires N(“ nitritic”)=13°2 per 
cent. ]. 

Secondary Amines and Nitrous Acid. 


Diethylamine and Nitrous Acid. 


A solution of diethylammonium nitrite obtained in the usual 


way gave: 
1 c.c.=8°4 cc. Ny 


=8°4 cc. NO. 

On crystallisation colourless, very deliquescent crystals were 
obtained, which sublimed on heating in a vacuum [Found, 
N(“nitritice”)=11'7. ©C,H,,N,HNO, requires N(“nitritic’’)= 
11°6 per cent. ]. 


Piperidine and Nitrous Acid. 


A solution of piperidinium nitrite gave: 
1 c.c.=6'2 c.c. Ny 
=6'2 cc. NO. 


The solid nitrite was obtained in colourless, deliquescent crystals, 
very readily soluble in water or alcohol, and almost insoluble in 
ether. The crystals sublime when heated in a vacuum [Found, 
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N(“nitritic”)=9°6. C;H,,N,HNO, requires N(“ nitritic”)=10°6 
per cent. ]. 
Dipropylamine and Nitrous Acid. 


A solution of dipropylammonium nitrite gave: 
1 c.c.=8°4 cc. No 
=8°4 c.c. NO. 

On crystallisation colourless, deliquescent crystals of the nitrite 
were obtained. The crystals were very readily soluble in water or 
alcohol, and sparingly so in ether. The nitrite sublimed when 
heated in a vacuum [Found, N(“nitritic”)=9°3. C,H,,N,HNO, 
requires N(“nitritic”’)=9°4 per cent.]. 


Tertiary Amines and Nitrous Acid. 
Trimethylamine and Nitrous Acid. 


It has already been pointed out that it is incorrect to suppose 
that there is no reaction between nitrous acid and a tertiary alkyl- 
amine (Chem. News, 1913, 108, 62 et seg.). Pure trimethyl- and 
triethyl-ammonium nitrites have already been isolated from 
mixtures of the hydrochlorides of the tertiary amines and sodium 
or potassium nitrite by the process of vacuum distillation in steam 
(loc. cit.). It is now found that, using ice-cold solutions, pure 
trimethyl- and triethyl-ammonium nitrites are formed just as in 
the case of other amine nitrites. It is to be noted that tertiary 
alkylamines are, in fact, strong bases, even stronger than ammonia 
or primary amines, whilst triethylammonium nitrite sublimes when 
heated in a vacuum. 

A solution of trimethylammonium nitrite gave: 

1 c.c.=8'4 c.c. Ny 
=8°6 c.c. NO. 

On crystallisation colourless, deliquescent crystals were obtained, 
very readily soluble in water or alcohol [Found, N(“nitritic”) = 
12°4. C,H,N,HNO, requires N(“nitritic’””)=13'2 per cent.]. 


Triethylamine and Nitrous Acid. 


A solution of triethylammonium nitrite gave: 
1 c.c.=7°6 cc. Ng 
=7°6 cc. NO. 

On crystallisation the nitrite was obtained in deliquescent, colour- 
less crystals, which sublimed when heated in a vacuum [Found, 
N(“ nitritic”)=9°7. CgH,;N,HNO, requires N(“ nitritic”)=9°4 
per cent. ]. 

In conclusion, it is to be noted that the actual preparation of 
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amine nitrites by the direct combination of nitrous acid with the 
amines (excepting purely aromatic amines) affords the strongest 
confirmation of the theory originally advanced by the author that 
an amine nitrite is an intermediate compound formed by the com- 
bination of all the three classes of amines, primary, secondary, and 
tertiary, which, when heated, decomposes into the end-products 
hitherto recognised as the products of combination of the amines 
with nitrous acid. 
CHEMICAL LABORATORY, 


GOVERNMENT COLLEGK, RAJSHAHI, 
BENGAL, INDIA. 


CXVIII.—The Dynamics of the Action of Halogens on 
Aliphatic Aldehydes. Keto-enol Isomerism of the 
Aldehydes. 


By Harry Meprortu Dawson, DonaLp Burton, and Harry Ark. 


Tue study of the dynamics of the substitution of halogens in the 
aliphatic ketones has shown that this is an indirect process in which 
the primary change consists in the transformation of the keto- 
into the enol-form, the isomeric change being catalytically 
accelerated by acids. 

On the assumption that the presence of the group :‘CH-CO- is 
the factor that primarily determines the indirect substitution of 
the halogen, it may be anticipated that acetaldehyde and its homo- 
logues will undergo enolisation in the same way as the ketones and 
that the formation of substitution products by the halogens will 
be preceded by isomeric change of the keto-enol type. As yet, the 
enolisation of acetaldehyde has not been demonstrated, although 
the substitution of two of the halogen atoms of the methyl group 
by negative radicles leads to compounds which exhibit isodynamic 
change in a very marked manner, for example, formylacetylacetone 
and the esters of formylphenylacetic acid and formylacetoacetic 
acid. 

The presence of negative groups of this character undoubtedly 
seems to facilitate the interconversion of the two isomerides, but 
there appears to be no reason for supposing that the change is 
limited to aldehyde derivatives of this character. In the anticipa- 
tion that isodynamic change would also be exhibited in the forma- 
tion of halogen substitution products of acetaldehyde and its 


‘ 
; 
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homologues, the authors have made experiments in which the action 
of the halogens in dilute aqueous solution has been investigated by 
dynamic methods. 


Action of the Halogens on Acetaldehyde. 


The mono-substituted acetaldehydes, which would be expected as 
the products of the first stage in the substitution process, cannot 
be obtained by direct action of the halogen either in the case of 
chlorine or bromine. The chief product obtained when a slow 
current of chlorine is passed through well-cooled acetaldehyde (or 
paracetaldehyde) is “ butylchloral,’ and the formation of this is 
explained on the assumption that monochloroacetaldehyde is prim- 
arily formed, a molecule of this then condensing under the influence 
of the liberated hydrogen chloride with a molecule of unchanged 
aldehyde to form a-chlorocrotonaldehyde, which then takes up a 
molecule of chlorine. To prevent this condensation reaction, Pinner 
(Ber., 1871, 4, 256) attempted to remove the hydrogen chloride by 
the addition of powdered calcium carbonate, but found that the 
neutralisation of the acid could only be effected in the presence of 
water. The product obtained by the action of chlorine on aqueous 
acetaldehyde in the presence of calcium carbonate was found to 
contain from 30 to 40 per cent. of chloral, but at the same time 
a large proportion of the aldehyde was oxidised. 

When ‘acetaldehyde is acted on by bromine, whether by the 
gradual addition of liquid bromine or by passing a current of gas 
saturated with bromine vapour through the aldehyde, a violent 
reaction occurs, and the product is of complex character. By 
moderating the reaction by dissolving the aldehyde in ethyl] acetate, 
Pinner (Annalen, 1875, 179, 67) succeeded in isolating the di- and 
tri-bromo-derivatives from solutions to which the calculated quan- 
tities of bromine had been slowly added. In the action of bromine 
on acetaldehyde in dilute aqueous solution, no measurable amount 
of substitution takes place. The reaction has been investigated 
from the dynamic point of view by Bugarszky (Zeitsch. physikal. 
Chem., 1904, 48, 63) at 0° and 25°, and according to the results 
obtained by this author, the only reaction occurring in dilute 
aqueous solution is that corresponding with the equation: 

CH;°COH + Br, + H,O = CH,;°CO,H -++ 2HBr. 

In the presence of iodic acid, iodine reacts with acetaldehyde 
and its homologues to form mono-substituted derivatives (Chautard, 
Ann. Chim. Phys., 1889, [vi], 16, 145). If the substances are 
added to 80—90 per cent. of alcohol in the proportion of 5 mols. 
of aldehyde, 2 mols. of iodine, and 1 mol. of iodic acid, and the 
mixture allowed to remain at the ordinary temperature for several 
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days, the monoiodo-aldehydes are obtained in fairly good yield. 
The reaction taking place is supposed to be represented by the 
equation : 

5CH,°COH + 21, + HIO,=5CH,I°COH + 3H,0. 


When, as in aqueous solution, the conditions are such that both 
oxidation and substitution may occur, the products formed will 
be determined by the relative speeds of the oxidation and sub- 
stitution reactions. If it is assumed that halogen substitution in 
the aldehydes is a process of the same nature as substitution in 
the ketones, and that the velocity is, in consequence, similarly in- 
fluenced by variations in the conditions of the reaction, it may be 
inferred from the experiments on acetone in different solvents that 
the use of water as solvent will have a large specific retarding 
effect on the velocity of the substitution reaction (Dawson and 
Leslie, T., 1909, 95, 1060). On the other hand, since halogen 
substitution in the ketones is greatly accelerated by acids, it may 
be expected that the addition of mineral acid to the aldehyde 
solution will afford a means of counteracting the unfavourable 
influence of water on the substitution process. 

In these circumstances, it seemed possible that the reaction be- 
tween aldehydes and halogens in dilute aqueous solution might be 
made to yield either substitution or oxidation products according 
to the conditions under which the reaction occurs. Since bromine 
is much more active than iodine so far as the oxidation of the 
aldehydes is concerned, the experimental observations may be ex- 
pected to depend to a large extent on the nature of the halogen. 
The dynamic course of the reaction will vary according to whether 
oxidation or substitution is the predominant reaction, and the chief 
evidence adduced in support of the view that oxidation is replaced 
to a greater or less extent by substitution in acid solution, is 
furnished by observations on the dynamics of the change. In order 
to facilitate the dynamic investigation of the réle of the halogen, 
the latter was “isolated” by making the concentration of the 
aldehyde relatively large. In these circumstances, the active mass 
of the aldehyde remained practically constant during the progress 
of either the oxidation or substitution reaction. 

The experimental data recorded in this paper have reference to 
acetaldehyde, but observations with propaldehyde, butaldehyde, 
and isobutaldehyde indicate that similar relations obtain for the 
higher homologues. The acetaldehyde used in the experiments, 
all of which were carried out at 18°, was obtained by fractionation 
of Kahlbaum’s aldehyde or distillation of paracetaldehyde with a 
few drops of sulphuric acid, and repeated fractionation of the 
distillate. 
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Action of Bromine on Acetaldehyde in Neutral Solution, 


The nature of this reaction has been established by the careful 
experiments of Bugarszky (Joc. cit.). In dilute solutions containing 
the aldehyde in relatively large excess, the observed rate of dis- 
appearance of the bromine can be satisfactorily represented by the 
equation for a unimolecular reaction. By titration of the solution 
with standard alkali, it was further found that three equivalents 
of acid are produced for each molecule of bromine which has dis- 
appeared, and that this ratio remains constant throughout the 
entire course of the reaction. These facts warrant the conclusion 
that in neutral solution the disappearance of the bromine is due 
to the oxidation reaction represented by the equation: 

CH,;°COH + Br, + H,O=CH,°CO,H + 2HBr. 

Our experiments in neutral solution have given results which are 
in complete agreement with those of Bugarszky. It need only be 
added that we have observed that the rate of oxidation is con- 
siderably increased when the reaction mixture is exposed to bright 
sunlight, and for this reason the experiments were made under 
conditions in which the photochemical effect was negligibly small. 
In order to facilitate a direct comparison of the course of the 
reaction in neutral and in acid solution, some of our observations 
relating to a neutral solution are presented in table I. The first 
column of numbers gives the time in seconds, the second, the con- 
centration of bromine in mols. per litre, and the third, the value 
of the unimolecular velocity-coefficient, k,=2°30/t log,a/(a—z), 
where a and (a—~) are the bromine concentrations at the beginning 
of the reaction and after time ¢ respectively. 


Tasxe I. 
Acetaldehyde concentration =0°047 mol. per litre. 


| 


t. 

0 
540 
1100 
1690 
2405 
3130 
3800 


Acetaldehyde concentration =0°044 mol. per litre. 


(a—z). ky. [ 
0-0°275 -—— | “ 
0-0°483 0-0°503 
484 
474 
473 
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Apart from the irregular variations which we attribute to errors 
of experiment, it will be observed that there is in general a slight 
decrease in the value of k, as the reaction proceeds, but this is 
simply due to the fact that the ratio of the aldehyde concentration 
to that of the halogen at the commencement of the experiment is 
only of the order 20:1. On complete disappearance of the bromine 
the concentration of the aldehyde will have fallen to the extent 
of about 5 per cent., and a corresponding fall in the magnitude 
of k, is to be expected. The magnitude of /, varies directly as the 
aldehyde concentration (Bugarszky, loc. cit.), but since most of the 
later experiments were made with solutions containing 0°044 mol. 
of acetaldehyde per litre, this may be conveniently adopted as a 
standard concentration. In making a comparison between results 
obtained in experiments with a different aldehyde-concentration, 
the observations will be reduced to this standard concentration, for 
which, according to the above table, the mean value of k, may be 
taken as 0°00048 (mols. litre/second). 


Action of Bromine on Acetaldehyde in Acid Solution. 


The course of the reaction in acid solution has been investigated 
by a series of parallel experiments with solutions containing sul- 


phuric, hydrochloric, and hydrobromic acids. In table II, the ex- 
perimental data are presented in the same form as in the previous 
table, except in the case of the hydrobromic acid solution, where a 
fourth column is added showing the values of the coefficient ky= 
x/t, the constancy of which would be characteristic of a constant 
speed reaction. 


Tas_e II. 


Acetaldehyde, 0°049 mol. Acetaldehyde=0°050 mol. 
per litre. 1N-H,SO, per litre. 2N-H,SO,. 


ky. t. (a—2x). ky. 

— 0 0-0°301 — 
0-0°606 365 228 0-0°760 
604 625 185 778 
621 1065 129 793 
652 1330 102 812 
673 1690 66 897 
690 1930 49 939 
740 2225 345 972 
2445 23 1050 
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Taste II. (continued). 


Acetaldehyde, 0°049 molar. Acetaldehyde=0°044 molar. 
1N-HCl. 1N-HCl. 

t. (a--2). ky. t. (a—2). ky. 

0 0-0°325 — 0 0-0°277 — 
645 264 0-0°322 610 2285 0-0°316 
1840 175 336 1485 173 317 
3220 108 342 3125 101 323 
4365 62 379 4660 555 345 
5610 32 412 6190 205 420 


Acetaldehyde, 0°049 molar. 


1N-HBr. 

t. (a—x) k,. Kp. 

0 0-07339 = — 
890 312 0-0°0928 0-0°302 
2705 2575 101 302 
4775 202 108 287 
7080 1395 125 282 
8660 1015 139 274 
10400 63 161 265 
12330 21 227 258 
13100 4 335 255 


From the data recorded in the above table, it is apparent that 
the value of k, increases as the reaction proceeds, whereas the 
parallel experiments in neutral solution indicate that k, falls to a 
slight extent. The increase is most marked in the case of the 
hydrobromic acid solution, and it is evident that the velocity of 
disappearance of the bromine in the later stages of the reaction 
is very much greater than it would be if the rate of change at 
each moment were simply proportional to the concentration of the 
bromine. According to the fourth column of figures which are 
presented in the hydrobromic acid experiment, the value of ky 
diminishes as the reaction proceeds. Since ky falls and /, increases, 
the data would undoubtedly seem to suggest that two simultaneous 
reactions are taking place in the acid solutions, one of which is 
the unimolecular oxidation reaction, and the other a constant 
speed reaction, the velocity of which is independent of the bromine 
concentration. 

Another point to be observed is that the values of k, for the 
hydrobromic acid solution are very much smaller than the values 
of k, calculated from the experiments in neutral solution. A 
similar, but much smaller, difference is found if the hydrochloric 
acid experiments are examined. 

The smaller k, values are no doubt due to the fact that both 
these acids combine with bromine to form polyhalogen compounds. 
In consequence of this, the concentration of free bromine will be 
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less than in a neutral solution of the same total bromine con- 
centration, and there will be a corresponding reduction in the 
velocity of the oxidation reaction. 

In order to ascertain the proportion of free bromine in the 
halogen acid solutions, measurements were made of the distribu- 
tion of bromine between these solutions and carbon tetrachloride 
at 18°. Preliminary measurements with pure aqueous solutions of 
bromine gave k=0°0375 as the mean value of the distribution 
coeficient (H,0/CCl,). The data obtained for the halogen acid 
solutions are given in table III, in. which c, is the concentration of 
the total bromine in the acid solution, c. the concentration in the 
carbon tetrachloride layer, kc, the concentration of free bromine 
in the acid solution, and B=ke,/c, the proportion of free bromine 
in the aqueous layer. 

TaBLeE ITI. 


Ayueous solvent. C,. C,. key. B. 
0-00519 0-0547 0-00205 0-396 
0-0536 0-00201 0-398 
_ 90-0321 0-00120 0-0508 
0-0188 0-02595 0-000975 0-0518 


It can readily be shown that the proportion of free bromine 
will remain unchanged as the reaction proceeds, for if we apply 
the mass law to the equilibrium represented by the equation 

HX+Br, — HXBr,, 

and take into account the fact that the halogen acid HX is present 
in very large excess, it follows that the ratio of the concentrations 
of free and combined bromine, [Br,|/[HXBr,], must be independent 
of the total bromine concentration. Since the speed of the oxida- 
tion reaction is determined by the concentration of the free 
bromine, the rate of oxidation in the halogen acid solutions will 
be diminished in the ratio of B:1. In 1N-hydrochlorie acid the 
actual speed at any moment will only be 0°40 of the speed that 
would correspond with the total bromine concentration, and in the 
case of 1N-hydrobromic acid the actual speed will be reduced to 
0°051 of that at which oxidation would occur in neutral solution. 

On the assumption that the increase in /, during the progress 
of the change in acid solution is due to a second reaction setting 
in, the velocity of which is independent of the bromine concen- 
tration, it is to be expected that the rate of disappearance of 
bromine in acid solution will at any moment be given by the 
equation 

dz[dt=k,B(a—xz)+k, . .... (A) 
which on integration may be written in the form 
k, Bt =log(a + ky/ kB) —log(a—x+hy/kB) . . (2) 
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In formulating the above differential equation, it is assumed that 
the acid has no direct influence on the speed of the oxidation 
reaction, catalytic or otherwise, no evidence of such an effect 
having been observed in the experiments. Since 4, is known from 
the observations in neutral solution, it is evident that equation 
(2) may be employed in the calculation of %). In the following 
table, the third column gives the values of ky which have been 
calculated from the experimental data for the 1N-hydrobromic 
acid solution by putting &, for the 0°049 molar aldehyde solution 
equal to 0°00053. Since the. concentration of the aldehyde 
diminishes during the course of the reaction to the extent of about 
7 per cent., it is possible to make allowance for this by assign- 
ing to k, a series of values which show a gradual decrease of this 
order of magnitude. In the fifth column under &,' are recorded 
the values of k, which have been obtained from equation (2) by 
making use of the series of /, values recorded in the fourth column 


under k,’. 
TaBLE IV. 


t. (a—x). k,. k,’. 

0 0-0°339 --- = = 

890 312 0-0°218 0-0°550 0-0°212 
2705 2575 221 545 218 
4775 202 214 540 213 
7080 1395 217 535 217 
8660 1015 216 530 215 
10400 63 213 527 213 
12330 21 212 523 212 
13100 4 211 520 212 


k,’. 


It will be observed that the values of both &, and f,’ are 
practically constant. Since the gradual diminution of the alde- 
hyde concentration will have the same influence on the constant 
speed reaction as on the concurrent unimolecular change, we should, 
of course, expect to find a corresponding slight diminution in the 
value of ky or ky’. Apart from this slight discrepancy, we venture 
to think that the results recorded in the above table afford strong 
evidence in support of the view that the disappearance of the 
bromine in 1N-hydrobromic acid solution is due to two concurrent 
reactions, one of which follows the unimolecular formula, whilst 
the second reaction takes place at a uniform speed. The relative 
amounts of bromine which are used up in the two reactions will 
depend on the proportion of the total bromine which is present in 
the free condition, and since the values of 8 for 1N-hydrobromic, 
1N-hydrochloric, and the sulphuric acid solutions are 0°051, 0°40, 
and 1 respectively, it is obvious that the constant speed reaction 
will play a correspondingly smaller part in the total change in 
these cases. In these circumstances, it is scarcely to be expected 
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that a satisfactorily constant series of ky values will be obtained 
from the data for the sulphuric and hydrochloric acid experi- 
ments, for in this method of testing the results, all the experi- 
mental errors would be debited to the constant speed reaction, 
which in reality plays but a very small part in the total change. 
This is true, at any rate, for the major portion of the change, 
although, of course, the relative importance of the constant speed 
reaction increases as the reaction proceeds. 

In these circumstances a more justifiable method of com- 
paring theory and experiment is to take a mean value of hp, 
and then by means of equation (2) to calculate the values 
of (a—«) for the time intervals, after which the bromine 
concentration was actually measured. In making this com- 
parison (table V), the final adjustment of 4) was actually made 
as the result of trial calculations, in the course of which it was 
also found that a closer agreement between theory and experiment 
is obtained by making use of a value of &,, which differs slightly 
from the mean value obtained from the observations in neutral 
solution (see p. 1278). The values of k) and k, employed in each 
experiment are indicated at the head of the separate tables. 


TABLE V. 


1W-H,S0,. 0°049 Molar =| -2N-H,S0,._ 0-050 Molar 
Aldehyde. | Aldehyde. 
iy =0°0°16 ; k, =0°0853. |  kg=0°0°42; k, =0°0357 


Obs. ; Obs. Cale. 
(a—zx). x). a. a—x. a—*x. 
0-0°255 “0” 0 0-0°301 0-0°301 

365 228 
625 185 
1065 129 
1330 102 
1690 66 
1930 49 
2225 345 
2445 23 


1N-HCl. 0°044 Molar 1N-HCl. 0°049 Molar 
Aldehyde. Aldehyde. 
ky =0°0°19; &, =0°0949. ky =0°0°21 ; &, =0°0857. 


Obs. Cale. Obs. Cale. 
(a—z). (a—7). ; a—x. a—zx. 
0-0°277 0-0°277 0-07325 0-0°325 

2285 235 E 264 268 
173 183 175 182 
101 106 108 109 

555 54 62 63 
205 18 32 25 
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In general, the agreement between the calculated and observed 
bromine concentrations is quite satisfactory, and there can be little 
doubt that in acid solution the oxidation of the aldehyde is accom- 
panied by a second reaction, the speed of which is independent 
of the concentration of the bromine. Further reference to this 
reaction may be deferred until the dynamic experiments and other 
observations relating to the action of iodine on the aldehyde have 
been considered. 


Action of Iodine on Acetaldehyde in Neutral Solution. 


The rate at which iodine disappears from a neutral aqueous 
solution containing aldehydes is very small in comparison with the 
velocity found in the case of bromine. If, for example, we com- 
pare the initial velocities observed in the case of solutions which 
contained 0°05 mol. of acetaldehyde and 0°002 mol. of halogen per 
litre, it is found that the rate of disappearance of the bromine is 
about 800 times as great as that of the iodine. Since 40 per cent. 
alcohol was used as solvent in the iodine experiments, the data 
for the two halogens are not strictly comparable, but, as a matter 
of fact, the alcohol has quite a small influence on the rate of dis- 
appearance of the iodine. 

Although a large number of experiments have been made in 
neutral solution, the data do not permit of any very definite con- 
clusion in regard to the nature of this slow reaction. On account 
of its slowness, a knowledge of its exact nature is, however, un- 
necessary, so far as the main object of this paper is concerned, and 
it will be sufficient to refer quite briefly to the main facts which 
appear to have been established. 

When the concentration of the free iodine is reduced by the 
addition of potassium iodide to the solution, a very considerable 
diminution in the initial velocity is observed. From this it may 
be inferred that the measured velocity is that of a reaction in 
which the iodine is directly involved. 

The dynamic course of the reaction may be illustrated by a 
’ typical experiment, the data for which are recorded in table VI, 
in which the values of Az/Az¢ for the successive time intervals are 
recorded in the third column, the acidity (A) in the fourth, and 
the ratio of the increase in the acidity to the diminution in the 
iodine concentration (AA /Az) in the fifth. It should be mentioned 
that blank experiments were made in which aldehyde was absent, 
in order to eliminate the effect of the reaction between the iodine 
and the solvent. The general character of the observations is, 
however, unchanged if this correction is applied. 
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TasLe VI. 
Acetaldehyde, 0°196 mol. per litre. Solvent, 40 per cent. alcohol. 


¢ (hrs. ) (a—z2). Az/At (hrs.) A. AA/Az. 
0-0 0-07484 _ 0-0709 ) 

72-5 378 0-0/146 335 1-9 
214-5 2895 062 46 
335-5 2215 56 535 Lb 
431-0 162 62 65 
505-0 1045 77 73 1-05 
576-0 525 73 77 


From the values of Az/At, it is evident that the velocity falls 
off very rapidly in the early stages of the reaction, then more 
slowly, attains a minimum, and increases towards the end. This 
alone is sufficient to show that the reaction is of a complex 
character, but further evidence is afforded by the gradual diminu- 
tion in the value AA/Az as the reaction proceeds. According to 
the equations 

CH,°COH + I, + H,O =CH,;°CO,H + 2HI, 
CH;°COH + I,=CH,I-COH + HI, 


the ratio of AA/Az should be equal to 3 if the disappearance of 
the iodine is due solely to oxidation, and equal to 1 if due entirely 
to substitution. The actual values fall between these limits. In 
the succeeding section of the paper it will be shown that substitu- 
tion occurs quite readily in acid solution, and in view of this it 
seems probable that this will also occur in the later stages of the 
reaction in “neutral” solution. As the acidity increases, the 
velocity of the substitution reaction will also increase. The 
observed changes in the velocity and in the acid—iodine ratio are 
quite consistent with this view. The supposition that oxidation 
takes place concurrently, and is the main reaction during the 


early stages, does not, however, account satisfactorily for the rapid 


fall in the velocity during the initial stages. This rapid diminu- 
tion in the velocity would seem to indicate the presence of a small 
quantity of a readily oxidisable impurity in the acetaldehyde, but 
no evidence of this could be obtained. 


Action of Iodine on the Aldehydes in Acid Solution. 


As already stated, the reaction between iodine and the aldehydes 
is greatly accelerated by the addition of strong acids to the solu- 
tion. The data obtained in experiments with acetaldehyde and 
sulphuric and hydrochloric acids are recorded in table VII, in 
which the third column gives the value of the coefficient ky=a'/t 
for a reaction of uniform speed. In all cases the solution con- 
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tained 0°044 mol. of acetaldehyde per litre, and potassium iodide 
(0°012 molar) was used to dissolve the iodine. 


TasLe VII. 


1V-H.SO,. 2N-H,SO,. 
t. (a—2). &. t. (a—2). ky. 

0 0-0°278 — 0 0-07263 — 
2340 239 ~ 0-0°166 | 1230 216 0-0°384 
5595 189 159 2530 165 388 
9135 134 157 | 3785 119 380 

13800 635 155 4950 77 375 
16000 325 153 6080 41 365 
1N-HCl. 1N-HCl. 

é. (a—2). k. t. (a—2.) &.. 

0 0-0°238 — 0 0-0°3145 _ 
2880 180 0-06201 2610 265 0-0°190 
5340 132 199 5280 217 184 
7860 865 192 7620 1745 183 

10900 355 195 12400 93 178 
15350 50 172 


In all cases the velocity falls as the reaction proceeds, but this 
can, to a large extent, be accounted for by the drop in the alde- 
hyde concentration. The observations show, therefore, that the 
reaction which is responsible for the disappearance of the iodine 
in acid solution proceeds at a uniform rate, which is independent 
of the iodine concentration. 

At this point it will be convenient to compare the data which 
have been obtained in the corresponding bromine and iodine 
experiments. For this purpose, the mean values of ky and k, are 
collected in the following table. The coefficients refer to the 
standard aldehyde concentration (see p. 1278). 


TaBLe VIII. 
Bromine. 

. Iodine. 

Nature of solution. &,. Kp. Ky. 

PE: Sc icetideinsandemmins 0-0'°480 — — 
BEES énanset<ssdesecens 0-0348 0-0°14 0-0°160 
oe 8 rrr 0-0°50 0-0°37 0-0°380 
EE ci iacnccawipicancaas 0-0°50 0-0°19 0-0°190 

DEE siccccccecasscensenes 0-0°48 0-06190 — 


It will be seen that for a given acid solution, the values of the 
velocity-coefficient ky of the constant speed reaction are practically 
equal and independent of the nature of the halogen. From this 
it may be inferred that the reaction in question is antecedent to 
that: in which the halogen is involved. 


Led 
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The fact that menoiodo-substitution products have been prepared 
by the action of iodine on the aliphatic aldehydes in aqueous or 
alcoholic solution containing iodic acid has already been mentioned. 
Presumably, the iodic acid was added in order to prevent the 
accumulation of hydriodic acid in the solution, for the removal of 
this is necessary if the reaction is to proceed to completion. In 
view of the observations which have been described in the fore- 
going pages, it is evident that this is not the only part played by 
the iodic acid, but that it will also act as a catalyst in accelerating 
the constant speed reaction which has been found to occur in acid 
solution. Since the products obtained are the monoiodo-aldehydes, 
it is to be presumed that the constant speed reaction gives rise to 
these substances. The fact that the velocity is independent of the 
nature and concentration of the halogen suggests that halogen 
substitution in the aldehydes is preceded by a transformation of 
the ketonic into the enolic form, and that the complete reaction 
takes place in a series of stages, which may be represented by the 
following scheme, in which X represents a halogen atom: 


Once —> CA,C<” hone 


x 
CHC +X, —> CH,X-CZOH fast 
\H 


CH,X-CX(OH)H —> CH,X-C<V, + HX (fasi), 


The experiments afford no evidence in regard to the relative 
speed of the third reaction, but from analogy to the process of 
halogen substitution in the ketones it seems probable that the 
velocity of this is large in comparison with that of the primary 
isomeric change. According to the above scheme, halogen substitu- 
tion in the aliphatic aldehydes should lead to a-substitution pro- 
ducts. According to Chautard (loc. cit.), propaldehyde yields 
B-iodopropaldehyde, but this statement does not agree with the 
results of more recent experiments (Dawson and Marshall, this 
vol., p. 386). 

It is our opinion that the dynamic observations which have been 
described afford strong evidence of the enolisation of the aliphatic 
aldehydes. Since the isomeric transformation is a necessary pre- 
liminary step in the formation of substitution products, and since 
this change only occurs with measurable velocity in the presence 
of acid which acts as a catalyst, it is evident that the presence of 
an acid will be favourable to the formation of substitution pro- 
ducts. In the case of iodine, the substitution reaction is the only 
one which takes place to any extent, whereas with bromine, sub- 
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stitution and oxidation occur simultaneously, and the relative 
amounts of bromine which are used up in the two reactions depend 
upon the catalysing activity of the acid on the one hand, and 
upon the concentration of the free bromine on the other. It is of 
some interest to compare the amounts of bromine which disappear 
as the results of oxidation and substitution in the presence of 
1N-sulphuric, -hydrochloric, and -hydrobromic acids. In table IX, 
%y and a, are the quantities of bromine which have been used up 
in substitution and oxidation respectively at different stages, and 
x is the total quantity as given by experiment. The numbers in 
the fifth column under z)/z give the proportion of the reacting 
bromine which has gone to the formation of iodo-aldehyde. In 
agreement with the views put forward, this fraction increases 
during the course of each experiment. 


TaBLE IX. 
1V-H,SO,. 
t. 2. 2. Ly. Xo /2. 
0 0-0 0-0 0-0 — 

455 0-070615 0-07054 0-0°075 0-122 

900 107 0925 145 0-135 
1405 1485 1265 22 0-148 
1835 178 1485 295 0-166 
2290 2005 1615 39 0-194 
2830 219 174 45 0-206 
3335 233 180 53 0-227 

1N-HCl. 
0 0-0 0-0 0-0 — 

645 0-07061 0:070475 0-0°135 0-222 
1840 150 1115 385 0-257 
3220 217 1495 675 0-311 
4365 263 171 92 0-350 
5610 293 175 118 0-402 

1NV-HBr. 
0 0-0 0:0 0-0 — 

890 0-0°027 0-0°08 0-07019 0-704 
2705 815 235 58 0-712 
4775 137 35 102 0-744 
7080 1995 48 1515 0-759 
8660 2375 52 1855 0-781 

10400 276 53 223 0-809 
12330 318 54 264 0-830 
13100 335 55 280 0-836 


For comparison of the values of the velocity-coefficient, Xp, 
for the different aliphatic aldehydes, we insert in table X 
the coefficients which have been calculated from experiments 
at 25°. In these experiments the aldehyde and iodine were 
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dissolved in 40 per cent. alcohol, and 1N-sulphuric acid was used 
as catalyst. The data refer in each case to a concentration of 
aldehyde of 0°10 mol. per litre. 


TABLE X. 

Nature of the aldehyde. &. 
Acetaldehyde 0-0632 
Propaldehyde 0-0°10 
Butaldehyde 0-0°17 
ts0Butaldehyde .........ccccsevceesecceeceeseeees 0-0°32 


It will be observed that the rate of isomeric change increases 
very considerably as we ascend the series of aliphatic aldehydes, 
and that isobutaldehyde is more rapidly converted into the enolic 
form than n-butaldehyde. The numbers in this table, which were 
obtained in the preliminary stages of the investigation, are only 
to be regarded as approximate .values of the velocity-coefficients. 

In conclusion, reference may be made to experiments which were 
made with formaldehyde and iodine. Since isomeric change of the 


aldehyde would give rise to the compound site, which con- 


tains two free valencies, substitution seemed to be impossible in 
this case, and therefore it was not expected that the addition of 
acid would have any accelerating influence on the rate of disappear- 
ance of the iodine. As a matter of fact, it was found that the 
addition of hydrochloric acid to the solution of the formaldehyde 
and iodine diminished the rate of the reaction. 


Summary. 


According to the above experiments, oxidation and substitution 
may both occur in the action of bromine on the aliphatic aldehydes 
in dilute aqueous solution. In neutral solution, the whole of the 
bromine is used up in oxidation, but in acid solution oxidation 
and substitution occur simultaneously. The relative importance of 
the two reactions depends upon the concentration of the free 
bromine and upon the acidity of the solution, and in hydrobromic 
acid solution substitution may become the main reaction. 

Iodine reacts very slowly with acetaldehyde in neutral solution, 
but in the presence of acids substitution occurs readily, and the 
velocity of this is identical with the velocity of bromine substitution 
under similar conditions. 

Substitution is preceded by isomeric transformation of the alde- 
hyde from the ketonic to the enolic form, this change being 
accelerated by acids. 
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CXIX.—Some Derivatives of as-Dipropyl- and 
-diamyl-oxamic Acids. 
By Harrorp MontcoMEery ATKINSON. 


In the course of a research on the constitution of the oxaline bases 
it was necessary to prepare some hitherto undescribed derivatives 
of as-dipropyl- and as-diamyl-oxamic acids. This formed a continua- 
tion of Wallach and Lehmann’s work (Anmnalen, 1887, 237, 245) 
on piperidyloxamic acid. 

Hofmann (Annalen, 1863, 127, 47) proposed the use of ethyl 
oxalate as a means of separating the primary, secondary, and 
tertiary alkylamines in mixtures of these; the tertiary amines are 
indifferent, the secondary give liquid esters of the oxamic acid, 
and the primary a solid oxamide. In practice, the liquid dialkyl 
esters are mixed with liquid monoalkyl esters, and this limits the 
application of the method. 


EXPERIMENTAL. 
Ethyl Dibenzyloxamate, CO,Et*'CO*-N(CH,°C,H;)>. 


Dibenzylamine (1 mol.) and ethyl oxalate (1 mol.) were heated 
together for two days, and the product, which had the odour of 
benzaldehyde, was distilled in a vacuum. Two fractions were 
obtained : first, the unaltered constituents, and secondly, a viscid, 
yellow oil. When redistilled, the ester boiled at 176—178°/10 mm. 
The yield was about 10 per cent. of the theoretical : 

0°1400 gave 0°3722 CO, and 0°0801 H,O. C=72°50; H=6°31. 

C,gH,,O,N requires C=72°72; H=6'39 per cent. 


as-Dibenzyloxamide, NH,*CO-CO-N(CH,°C,H;).. 


With concentrated ammonia solution the above ester gave, in 
a few minutes, a solid mass, which by crystallisation from alcohol 
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yielded the pure oxamide in needles, melting at 86—87°. The 
yield was almost theoretical : 
0°1160 gave 0°3036 CO, and 0°0622 H,O. C=71:38; H=5-94. 
C,gH,g0,N, requires C=71°64; H=5°97 per cent. 


Ethyl Dipropyloxamate, CO,Et*CO-N(C,H,)p. 


Fifty grams of dipropylamine and 73°2 grams of ethyl oxalate 
were heated together for four hours on the water-bath. The pale 
yellow liquid, when distilled under 12 mm. pressure, gave, first, the 
alcohol formed by the reaction, then the unaltered amine and 
ester, and finally, at 146—148°, a viscid, colourless oil, insoluble 
in water, and readily soluble in alcohol or ether. The yield was 
80 per cent. of the theoretical : 

0°1934 gave 0°4211 CO, and 0°1638 H,O. C=59°44; H=9°42. 

Ci9H,gO,N requires C=59°70; H=9°45 per cent. 


as-Dipropylozamide, NH,*CO*:CO-N(C,H7),. 


This substance was easily obtained in a 95 per cent. yield by 
the action of concentrated ammonia solution on the ester. When 
crystallised from water it melted at 96—97°: : 

0°1126 gave 0°2325 CO, and 0°0953 H,O. C=56°23; H=9°31. 

0°2124 ,, 30°8 cc. N, (moist) at 17° and 752 mm. N=16°50. 

C;H,,O,N. requires C=55°81; H=9°38; N=16°36 per cent. 


as-Dipropyloxamonitrile, CN-CO-N(C;H,).. 


Twelve grams of the dry powdered oxamide were distilled with 
30 grams of phosphoric oxide. The nitrile thus obtained was 
distilled in a current of steam, collected, dried, and again distilled. 
It boiled at 120°/14 mm. as a colourless, oily liquid, having a 
faint, pleasant odour, and soluble in alcohol or ether, but not in 
water. The yield was 65 per cent. of the theoretical : 

0°1587 gave 0°3644 CO, and 0°1339 H,O. C=62°54; H=9°01. 

C,H,,ON, requires C=62°34; H=9°09 per cent. 


as-Dipropylthio-oxamide, NH,*Cs*CO-N(C3H7)o. 


Five grams of the above nitrile were dissolved in twice the volume 
of absolute alcohol, and the solution was saturated, first with dry 
ammonia gas and then with hydrogen sulphide. The solution 
became warm and yellow, and solidified in a short time to a pale 
yellow mass, which became colourless when pressed on porous 
porcelain. After crystallisation from a mixture of chloroform and 
light petroleum it separated in long, white, glistening needles, and 
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from a mixture of ether and alcohol in large, four-sided tables, 
melting at 129—130° (uncorr.). The yield was 66 per cent. of the 
theoretical : 
0°1003 gave 0°1870 CO, and 0°0802 H,O. C=50°88; H=8'61. 
0°1594 ,, 0°1994 BaSO,. S=17'11. 
C,H,,ON,.S requires C=51°06; H=8'51; S=17°01 per cent. 
The corresponding dimethyl, diethyl, and piperidyl compounds 
were prepared in a similar way, in order to ascertain the influence 
of the increasing molecular weight on the melting point. 
Piperidylthioglyoxylamide, NH,*CS:CO-NC;H)o, crystallised from 
alcohol and water in stout, rhombic tables, having a very faint 
yellow colour, and melting at 66—67°: 
0°1004 gave 0°1789 CO, and 0°0640 H,O. C=48°51; H=7°01. 
0°1135 ,, 01541 BaSO, S=18°64. 
C,H,,ON,S requires C=48°81; H=6°98; S=18°60 per cent. 
as-Diethylthio-oxamide, NH,*CS:CO-N(C,H;)o, crystallised from 
alcohol in small, transparent, yellow, rhombic tables, melting at 
126—-127°: 
0°1706 gave 0°2841 CO, and 0°1198 H,O. C=45°41; H=7°71. 
0°1439 ,, 0°2093 BaSO,. S=19°97. 
C;H,,ON.S requires C=45°00; H=7'50; S=20°00 per cent. 
as-Dimethylthio-oxamide, NH,*CS*CO*N(CHs;),. — The  as-di- 
methylozamonitrile necessary for the preparation of this compound 
is a liquid of agreeable odour, boiling at 202—203°: 
0°143 gave 0°2557 CO, and 0°0773 H,O. C=48°76; H=6:00. 
C,H,ON, requires C=48°98; H=6°'12 per cent. 
The thio-oxamide obtained from this nitrile was crystallised from 
alcohol and ether, and melted at 120—121°: 
0°0584 gave 0°0726 CO, and 0°0332 H,O. C=36'25; H=6°72. 
0°1024 ,, 0°1834 BaSO,. S=24°60. 
C,H,ON,S requires C=36°36; H=6:06; S=24:24 per cent. 


Dipropyloxamic A cid, CO,H*CO*N(C,H7)o. 


This was prepared by Wallach’s method (Annalen, 1882, 214, 
270). Fifteen g-ams of the pure ester, diluted with half its volume 
of alcohol, were mixed with a solution of 1°7 grams of sodium in 
alcohol (1 molecular proportion of sodium ethoxide), the alcohol 
was removed by heating on the water-bath, water added, and the 
sodium salt decomposed by dilute sulphuric acid. The oily layer 
was dissolved in ether, and the viscid liquid remaining after removal 
of the ether soon solidified to a crystalline mass. After crystallisa- 
tion from ether the acid melted at 73—74°: 
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0°1503 gave 0°3057 CO, and 0°1136 H,O. C=55:-40; H=8-39. 
C,H,,0O,N requires C=55°48 ; H=8°67 per cent. 


Dipropylozamyl Chloride, COC|l*CO-N(C3H7)o. 


Twelve grams of the pure and dry acid, dissolved in dry 
chloroform, were treated with 14°4 grams (1 molecule) of phos- 
phorus pentachloride, cooling in ice being necessary during the 
addition. The chloroform and phosphory! chloride were distilled 
off under diminished pressure on the water-bath, and the remaining 
red liquid gave, on distillation, a clear, colourless liquid, boiling 
at 112—116°/14 mm. The yield was 80 per cent. of the theo- 
retical : 


0°1548 gave 0°1157 AgCl. Cl=18'55. 
C3H,,0,NC1 requires Cl=18°58 per cent. 
When treated with dry gaseous ammonia, this compound gives 
as-Jipropyloxamide. 


Tetrapropyloxamide, [CO*N(C3H7)o]o. 


Four grams of the above chloride, diluted with 10 grams of dry 
ether and well cooled, were mixed with 4°2 grams (2 molecules) of 
dipropylamine. 

After a short time, when the odour of the base had almost 
vanished, the separated salt was filtered off, the ether removed by 
drawing a stream of air through the liquid, and the latter, when 
placed in a freezing mixture, quickly solidified to a hard, crystal- 
line mass. 

On distillation a viscid, colourless oil was collected at 185—195°/ 
11 mm., which quickly solidified. On extraction with ether, a 
small residue was left, which, when crys{allised from water, melted 
at above 240°, and gave the odour of dipropylamine when heated 
with sodium hydroxide. The ethereal solution, when evaporated, 
gave a crystalline substance melting at 38—-39°, and readily soluble 
in alcohol or ether, but sparingly so in water: 

0°0965 gave 0°2312 CO, and 0°0973 H,O. C=65°33; H=11'17. 

C,,H,,0,N. requires C=65°62; H=10°98 per cent. 


Dipropylcarbamyl Chloride, COCI*N(C,H7)>. 


In order to prepare this substance, dipropyloxamy] chloride was 
heated under reflux, when gas was evolved and the colour of the 
liquid changed to a deep red. The residue, on distillation, gave a 
colourless liquid, boiling at 118—120°/28 mm. The yield was 
45 per cent. of the theoretical : 
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0°1754 gave 0°1524 AgCl. Cl=21°30. 

C,H,,ONCI requires Cl=21°47 per cent. 

The substance had a faint aromatic odour, did not fume in the 
air, and boiled, under the atmospheric pressure, at 220—222°. Cold 
water decomposed it slowly, and it was less reactive toward bases 
than dipropyloxamyl! chloride. 


Tetrapropylcarbamide, N(C3H,).*CO*N(C3H7)o. 


This has already been described by Chancel, who obtained it 
from carbonyl chloride and dipropylamine (Bull. Soc. chim., 1894, 
[iii], 11, 395). It was prepared from the carbamyl chloride as a 
further test of identity. The chloride was dissolved in dry ether, 
and two molecular proportions of dipropylamine were gradually 
added, the solid hydrochloride was filtered off, and the filtrate, 
after removing the ether, distilled. The greater part passed over 
at 255—260°, and on redistillation boiled at 256—258° (Chancel 
gives 258°). It is a viscid, colourless liquid, with an odour of 
peppermint (Found, C=6820; H=11°99. Cale. C=68°41; 
H=12°28 per cent.). 

The carbamide has weak basic properties, and alkalis precipitate 
it from its solutions in acids. 


Piperidine-1-carbozxyldipropylamide, C;H,)N*CO*N(C3H,)o. 


This distilled at 173°/10 mm. as a colourless, viscid liquid, with 
a faint, unpleasant odour: 
0°3104 gave 0°7705 CO, and 0°3144 H,O. C=67°69; H=11°23. 
C,,H,,ON, requires C=67°92; H=11°32 per cent. 


Dipropyldiamylearbamide, N(C,H7)o*CO*N(C;Hy;)o. 


This compound boiled at 185°/12 mm. as a colourless, viscid 
liquid : 
0°1537 gave 0°4030 CO, and 0°1764 H,O. C=71'52; H=12°75. 
C,,Hs,0N, requires C=71°83; H=12°68 per cent. 


Dipropy!l formamide, HCO*-N(C3H7)o. 


This was readily obtained by heating the oxamic acid above its 
melting point, when carbon dioxide was eliminated. 

After distillation under diminished pressure it boiled at 102°/ 
17 mm. and 208° (ordinary pressure). The yield was 82 per cent. 
of the theoretical : 

0°2136 gave 0°5090 CO, and 0°2244 H,O. C=64:99; H=11°57. 
C;H,,ON requires C=65°12; H=11°63 per cent, 


\w 
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The amide is a colourless liquid, which is soluble in alcohol or 
water. It absorbs hydrogen chloride, yielding a syrup, from which 
a platimchlor:de, red crystals melting at 108°, was prepared: 

0°1160 gave 0°2370 Pt and 0°1075 AgCl. Pt=20°97; Cl=23°14. 

(C,H,;ON),,H,PtCl, requires Pt= 20°97 ; Cl=22°94 per cent. 


Ethyl Diamyloxamate, CO,Et-CO*N(C;H;;)>. 


Fifty grams of diamylamine and 46°7 grams of ethyl oxalate 
were boiled together for six hours, and the yellow liquid was 
fractionated. Up to 100°/11 mm. alcohol, amine, and ethyl oxalate 
were collected, and at 160—168° a yellow, oily liquid. On redis- 
tillation the latter boiled at 166—167°/10 mm. The yield was 
about 50 per cent. of the theoretical: 

0°1393 gave 0°3325 CO, and 0°1295 H,O. C=65°09; H=10°34. 

C,,H.,O3;N requires C=65°37; H=10°54 per cent. 


as-Diamyloxamide, NH,"CO-CO-N(C;H,,).- 


Concentrated aqueous ammonia converts the ester into this 
compound, which crystallises in needles melting at 182°: 

0°025 gave 0°0552 CO, and 0°0241 H,O. C=62°41; H=10°68. 
C,,H,,ON, requires C=63°21; H=10°52 per cent. 


as-Diamylozamic Acid, CO,.H*CO-N(C;H,;)o. 


A very viscid, yellow liquid was obtained: by a process similar to 
that employed for the dipropyl compound. It could not be crystal- 
lised, and was therefore at once used in the following preparation. 


Diamylformamide, HCO*N(C;H,;)o. 


Fifteen grams of the crude oxamic acid were heated for a short 
time, and when the evolution of gas had ceased the mobile liquid 
was distilled in a vacuum. In the first fraction a small amount of 
diamylamine was found, and this was identified by the analysis 
of its platinichloride (Found, Pt=26°1. Calc., Pt=26°9 per cent.). 
Wallach (Annalen, 1887, 23'7, 252) has given the explanation of 
the formation of the original base in this reaction. 

The greater part of the distillate was collected at 141—145°/ 
18 mm. On redistillation the liquid boiled at 135°/14 mm. The 
yield was 70 per cent. of the theoretical : 
0°1252 gave 0°3277 CO, and 0°1400 H,O. C=71°38; H=12°42. 
071914 ,, 12°8 cc. N, (moist) at 16° and 750 mm. N=7°66. 

C,,H,,ON requires C=71°35; H=12°32; N=7°54 per cent. 
Diamylformamide absorbs dry hydrogen chloride readily, but 
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the hydrochloride could not be isolated. The platinichloride forms 
yellowish-red crystals melting at 140—141°: 


0°1110 gave 0°0183 Pt. Pt=16°85. 
(C,,H,,0N),,H,PtCl, requires Pt=16°97 per cent. 


Diamylearbamyl Chloride, COCI*N(C;H);)>. 


Sixteen grams of the well-dried oxamic acid were dissolved in dry 
chloroform, and one molecular proportion of phosphorus penta- 
chloride-was gradually added, cooling in ice being necessary in the 
first stages of the addition. The chloroform and _ phosphoryl 
chloride were removed by distillation in a vacuum from a water- 
bath. The viscid, red residue was heated in the air-bath at 
130—140°/14 mm., when much gas was evolved, and the mano- 
meter registered 120 mm. At 147—149°/14 mm. a viscid, colour- 
less oil was collected, which had but a faint odour, and did not 
fume in the air: 

0°1636 gave 0°1048 AgCl. Cl=15°67. 

C,,H,,0NCI1 requires Cl=15°98 per cent. 


Phenyldiamylcarbamide, C,H;*NH*CO-N(C,H,;)o. 


The chloride was dissolved in dry ether, and two molecular 
proportions of dry aniline were gradually added. A_ violent 
reaction took place, and when this had subsided the aniline hydro- 
chloride was filtered off and the ether removed. The residue soon 
formed a mass of crystals soluble in alcohol and in concentrated 
acids. When recrystallised from alcohol, small, glistening scales 
were obtained, which melted at 204°: 

0°1150 gave 0°3111 CO, and 0°1022 H,O. C=73°91; H=9°86. 

C,,H,,ON, requires C=73°91; H=10°14 per cent. 


Tetra-amylcarbamide, N(C;H4;).*CO*-N(C;H,;)o. 


This was previously prepared by Custer (Ber., 1879, 12, 1332) 
by the action of carbonyl chloride on diamylamine ; when prepared 
from diamylearbamide chloride it formed a viscid liquid with an 
unpleasant odour and boiling at 182—183° (Found, C=72°61; 
H'=12°96. Calc., C=73°23; H=12°93 per cent.). 


This investigation was carried ovt in the University Laboratory, 
Gottingen, at the instigation of Geh. Rath Prof. Wallach, to whom 
I wish to tender my thanks for the help and guidance he continu- 
ally afforded me. 


MonicrpAL TECHNICAL INSTITUTE, 
LIMERICK. 
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CXX.—Rate of Evolution of Gases from Super- 
saturated Solutions. Part Il. Carbon Dioxide 
in Solutions of Gelatin and of Starch. 


By ALexaNnpeR Finptay and Gerorcz Kine (Priestley Research 
Scholar, University of Birmingham). 


DuriNnG our previous investigation (T., 1913, 103, 1170) of the 
influence of colloids on the evolution of carbon dioxide from super- 
saturated solution, many evidences were obtained that the rate of 
escape of gas from solutions of gelatin and of starch is markedly 
influenced by the method of preparation and past history of the 
solutions; and it was discovered that in order to obtain concordant 
results, care had to be taken that the experimental conditions (and 
more especially the time factor) were kept strictly the same in all 
cases. As the variations of the rate of evolution of carbon dioxide 
were quite marked, a fuller investigation of the factors involved 
has been undertaken. 

In the present investigation, the experimental conditions have 
been varied so as to bring to light the influence of the following 
factors on the rate of evolution: (1) Time during which the solu- 
tion is boiled before saturation with carbon dioxide. (2) Rate of 
cooling of the boiled solution. (3) Age of the solution after boiling. 
(4) Time during which the solution is in contact with carbon 
dioxide (time of saturation). 

In our previous investigation, all solutions were boiled for a period 
of one and a-quarter hours, and allowed to cool naturally at room 
temperature. These we shall call the normal boiling and cooling 
periods. In the special case of gelatin, a weighed quantity was 
soaked in cold water for twenty minutes, and then dissolved by 
warming on a water-bath for thirty minutes. The solution was 
then poured into cold water, made up to a litre at the temperature 
of 20° and then boiled—the normal period of boiling being again 
one and a-quarter hours. 

For the purpose of saturating a solution with carbon dioxide, 
the normal saturation period was one and a-half hours. Saturation 
over a longer period is spoken of as “ prolonged.” 

With regard to the general method of working and of calculating 
the results, reference should be made to our former paper (Joc. cit.). 
Owing to the exigencies of space we represent the results of only 
a few of the experiments actually carried out, but the curves given 
here have been fully confirmed, both directly and indirectly. 
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For convenience of reference, we summarise here the variable 
experimental conditions employed in the case of solutions of gelatin. 


Concentration 
(gram Treatment of solution 
per litre). previous to saturation. 
0-281 Normal boiling and cooling Normal 
0-281 ms a Prolonged : 
0-201 Normal boiling: rapic cool- Normal 
ing 
0-201 Normal boiling: rapid cool- Prolonged : 
ing 
0-290 2} hours’ boiling: normal Normal 
cooling 
0-290 24 hours’ boiling: normal Prolonged : 
cooling 
0-272 24 hours’ boiling: normal Normal 
cooling 
0-272 24 hours’ boiling: normal Prolonged : 
cooling 
0-332 24 hours’ boiling: normal Normal 
cooling 
0-332 2% hours’ boiling: normal Prolonged: 
cooling 
0-270 24 hours’ boiling: normal Prolonged: 
cooling 
0-270 2} hours’ boiling: normal Prolonged : 
cooling 
( 24 hours’ boiling : normal Normal 
0-308 cooling 
| Solution kept for 7 days 
0-151 43 hour boiling: rapid cool- Normal 
ing 
B. Starch. 


Period of saturation. 


48 hours 


22 hours 


6 hours 


6 hours 


14 hours 


3 hours 


158 hours 


Ls 


Although solutions of this substance have not been studied so 
fully as in the case of gelatin, experiments have been carried out 
in order to obtain some indication of the effect of boiling and of 
the rate of cooling on the rate of escape of carbon dioxide from 
solutions of starch. Typical results are represented in Fig. 3, F 


(compare table X, part I). 


Discussion of Results. 


That the properties of a gelatin solution are not constant, but 
depend on the method of treatment and past history of the solution, 
was already well known from the experiments of previous workers, 
more especially Garrett (Phil. Mag., 1903, [vi] 6, 374) and von 
Schroeder (Zettsch. physikal. Chem., 1903, 45, 75). As the latter 
pointed out, two kinds of change appear to take place in aqueous 
solutions of gelatin, namely: (1) an irreversible change or decom. 


position akin to hydrolysis, and (2) a reversible change gel =— sol. 
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With regard to the latter change, elevation of temperature favours 
the production of the sol, but when the solution is cooled, the 
change sol —> gel does not take place immediately. The nature of 
a gelatin solution will consequently vary according to the temper- 
ture to, and the time during, which the solution is heated, and on 
the rate of cooling of the solution. 

These variations in the properties of a gelatin solution have been 
amply confirmed by our experiments, and it is of interest to point 
out the rather remarkable degree of sensitiveness which is observed. 
As was pointed out in Part I of this investigation, electrolytes do 
not influence appreciably the rate of escape of carbon dioxide from 
supersaturated solution, or, at least, the rate of escape is practically 
proportional to the degree of supersaturation, as in the case of 
pure water. In the case, however, even of small concentrations 
of gelatin, marked deviations from this simple behaviour are found, 
so that the velocity coefficient is no longer constant, but shows 
increasing values as the supersaturation diminishes. The velocity 
coefficient-supersaturation curve, therefore, exhibits a slope, but the 
amount of slope varies greatly, as our experiments now show, with 
the method of treatment and history of the solution. 

Influence of Time of Boiling.—Of the different factors that may 
affect the properties of a gelatin solution, protracted boiling is one 
of the most important, for by this treatment the irreversible hydro- 
lytic change, leading largely, as it appears, to products of a non- 
colloidal nature, is accelerated. Since, however, non-colloidal 
solutes do not affect the slope of the velocity coefficient-supersatura- 
tion curve, we shall expect that the curves obtained will show less 
divergence from the water curve the longer the period of boiling. 
This, indeed, is the behaviour we have found, as a comparison of 
the curves IV, VI, and VIII with table IV of Part I will show 
(see Fig. 1,4) Although the concentration of solutions IV and 
VIII is greater than that of IV (Part I), they nevertheless show 
a steeper slope and less divergence from the water curve. The 
effect of prolonged boiling, moreover, is clearly all the greater the 
lower the concentration of the gelatin. 

Rate of Cooling.—The influence of sate of cooling of the boiled 
gelatin solution on the escape of carbon dioxide is also of im- 
portance. If curve II is compared with table III (Part I) it is 
found (see Fig. 1, B) that although the former refers to a solution 
of lower concentration than the latter, it nevertheless deviates con- 
siderably more from the water curve. This result is of importance. 
If we bear in mind that the change sol—~> gel will take place 
to a less extent the more rapid the cooling, we are led to the con- 
clusion that it is the gelatin sol that is responsible for the divergent 
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behaviour of gelatin solutions as compared with aqueous solutions 
of non-colloids. 

The behaviour represented in curve XIII (Fig. 1, A) is in entire 
harmony with this conclusion. In this case, although the concen- 
tration was considerably lower than that of the other two solutions 
just referred to, we see (Fig. 1, B) that it behaves similarly to the 
solution of higher concentration represented by curve II. Solu- 
tion XIII was, however, boiled for only half-an-hour and then 
cooled rapidly. We might, therefore, expect the concentration of 
sol to be relatively great owing to less “ hydrolysis” of the gelatin, 
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whilst at the same time the change gel—> sol would probably reach 
the equilibrium value at the temperature of boiling. By the rapid 
cooling this state of the system would be fixed, so that a solution 
with comparatively high so/ concentration would be obtained, and 
would therefore be expected to show the relatively great divergence 
from the behaviour of water. 

As illustrating still further the influence of time of boiling and 
rate of cooling, it may be mentioned that a solution of eoncentra- 
tion 0°1378 gram per litre, when boiled for two and a-half hours 
and cooled slowly, gave a velocity coefficient-supersaturation curve 
which differed but little from the water curve. 
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Further, a solution containing only 4°00 grams per litre, boiled 
for forty minutes and then cooled rapidly in ice, gave a curve 
approximating very nearly to that of a 3 per cent. solution sub- 
jected to “normal” boiling and cooling. 

Age of the Solution after Boiling—On the basis of the con- 
clusion to which we have just been led, namely, that it is the sol 
that is mainly responsible for the characteristic behaviour of gelatin 
solutions, we believe the behaviour of solution XII can be ex- 
plained. In this case the solution, after being boiled for two and 
a-half hours, was kept in a closed flask for seven days. Under 
these conditions organic decomposition of the gelatin is excluded, 
but time is given for the change sol —> gel to take place to a much 
greater extent than when the solution is cooled naturally or rapidly. 
We may therefore expect, from the conclusion reached above, that 
such a solution will show comparatively little divergence from the 
behaviour of water, and this is indeed found to be the case (Fig. 
1, A), the velocity coefficient-supersaturation curve differing but 
little, as regards slope, from the water curve. 

Since reference has been made to organic decomposition, it may 
be mentioned that a solution which was kept for two months so 
as to allow organic decomposition to occur, gave, after being boiled 
for two and a-half hours, a velocity coefficient-supersaturation curve 
which nearly coincided with the water curve. It would seem, there- 
fore, that the products of organic decomposition of gelatin do not 
influence the manner of evolution of carbon dioxide from solution. 

Influence of Saturation Period—Many experiments have been 
undertaken for the purpose of studying the influence of period of 
saturation, or time of contact with carbon dioxide, on the slope 
of the velocity coefficient-supersaturation surve, and as a general 
result it may be stated that through prolonged saturation the curve 
approaches more nearly to the slope of the water curve. This is 
seen very clearly, for example, by a comparison of curve I with 
curve IV (Part I), or of curve VIII with curve IX (see Fig. 2,(). 
From the last two cases, we see that prolonged saturation, even 
over a period of only fourteen hours, causes an appreciable differ- 
ence in the slope of the curve. A similar effect is observed even 
in the case of solutions which have been rapidly cooled, as is seen 
from a comparison of curves II and III (Fig. 2,D). Indeed, the 
éffect of saturation for six hours is appreciable (curves IV and V, 
Fig. 3, #; curves VI and VII, Fig. 3,7). In the case of gelatin 
solutions of concentration 0°2702, normal saturation gave a curve 
having a slope identical with that recorded for the concentration 
0°2716 (curve VI, Fig. 3,#), whereas saturation for three hours 
and, more especially for ove hundred and fifty-eight hours, led to 
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the results represented in curves X and XI, Fig. 3,#. In the 
last-mentioned case, the slope of the curve even becomes reversed. 

In considering the above effect of contact with carbon dioxide 
it is not easy to separate this effect from that obtained by keeping ; 
but there does appear to be evidence that contact with carbon 
dioxide accelerates the change (whether gel formation or, less 
probably, hydrolytic change) which leads to the water type of 
curve. This point, however, still requires further study, and more 
especially is it of importance to study the behaviour of a neutral 
gas, such as nitrous oxide. What, however, our experiments do 
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show is that the variation in the evolution of carbon dioxide from 
supersaturated solution is a rather sensitive indicator for changes 
in the nature of dilute aqueous solutions of gelatin. 

In the case of starch solutions, we have not been able to in- 
vestigate these so fully as in the case of gelatin; but so much has 
been established, that the rate of cooling is a very important factor. 
Reference has already been made (Part I, p. 1191) to the curve 
obtained with a solution treated “normally” as regards boiling 
and cooling, but those represented in curve XIV (Fig. 3, F) 
indicate a markedly different behaviour when the normally-boiled 
solution is rapidly cooled. A curve of similar form is obtained 
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with unboiled solutions (curve XV, Fig. 3,7). In the case also of 
starch solutions, therefore, we must assume changes in the nature 
of the solutions according to the method of treatment of the solu- 
tions.* That a hydrolytic change takes place to any appreciable 
extent is not to be assumed, and indeed is not indicated by our 
experiments, so that the different behaviour found with rapidly- 
cooled and slowly-cooled solutions is to be attributed to changes 
in the physical state of the colloid. 

Although, owing to the departure of one of us (G. K.), the ex- 


Fie. 3 


Supersaturation. 


ph | iN 

| ot Nyy 
| tho a | od 

0°03 0°05 0°07 0°09 0°11 0°01 0°03 0°05 0:07 0°09 0-11 0°18 

Velocity-coc ficient. 


periments have had to be interrupted, we hope to continue the 
investigation shortly, and more especially to study the behaviour 
of solutions with the inert gas, nitrous oxide. 


We wish again to express our indebtedness to Professor P. F. 
Frankland for the facilities efforded to us in carrying out this 
investigation. 

THe Eowarp Davies CoEmicaL LABORATORIES, 


UNIVERSITY COLLEGE OF WALES, 
ABERYSTWYTH. 


* Experiments which are at present in progress confirm this result. The viscosity 
of a starch solution which has Leen boiled and rapidly cooled increases, on keeping, 
more rapidly than that of q solution which has been cooled slowly. It is probable, 
therefore, that in the case of starch solutions changes take place similar to those 
found in the case of gelatin solutions.—A. F. 
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CXXI.—The Velocity of Saponification of the Acyl 
Derivatives of the Substituted Phenols. Part I. 
Phenyl Benzoate. 


By Hamitton McComsiz and Harotp ARcHIBALD ScarBorovucH 
(Research Scholar of the University of Birmingham). 


Tue velocity of saponification by alkali hydroxides of the esters of 
fatty and aromatic acids with such primary alcohols as methyl and 
ethyl alcohols has been studied very fully by many investigators, 
who have considered the influence both of the acid and of the 
alcohol on the rate of saponification of the ester. With one excep- 
tion, none of these workers seems to have included in the alcohols 
employed any of the alcohols of the aromatic series. Bischoff and 
Hedenstrém, however (Ber., 1902, 35, 4094), have made an ex- 
haustive examination of the velocities of saponification in the cases 
of aryl and benzyl esters of the dibasic fatty acids. 

The phenyl and substituted phenyl esters of monobasic acids 
seem to have remained unconsidered. 

A study of the velocity of saponification of such substances as 
phenyl benzoate is of interest for several reasons. Both the pro- 
ducts of saponification are acidic, and it is of interest to see if this 
fact has any influence on the stability of the ester in comparison 
with such a substance as ethyl benzoate, in which only one sub- 
stituent is acid. Further, by the introduction of substituents into 
the phenyl groups, the acid properties of the constituents can be 
varied, and the effect of this variation on the stability of the esters 
can be studied. By the direct interaction of the phenol and the 
acid, these esters are either not produced at all, or the quantity 
formed is only very small, hence very little information about 
these substances can be gained by a study of their formation by 
that method. 

From the point of view of a study of the velocity of saponifica- 
tion, the phenyl esters of benzoic acid possess several advantages 
over many of the esters whick have been studied previously. Most 
of the esters are solid, and on that account they can be purified 
more easily and thoroughly. This point is also of importance in 
the preparation of a standard solution of the ester. The rate of 
saponification of most of these esters is small, so that, after allow- 
ing ample time for the reaction to settle down, the course of the 
decomposition can be followed between the time when 10 per cent. 
has disappeared up to the time when 80—90 per cent. has been 
decomposed ; further, the time interval between any two consecutive 
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readings is so large that any small error which may creep in is 
well within the limits of error in reading the burette. 

Against these obvious advantages, however, must be weighed the 
difficulty arising from the insolubility of some of the compounds. 
This difficulty prevented the study of the behaviour of many sub- 
stances which it was hoped to have included in the scope of this 
investigation. 


Experimental Method. 


The saponification of phenyl benzoate by potassium hydroxide 
was carried out in ethyl-alcoholic solution. To a known quantity 
of the ester dissolved in alcohol there was added an excess of 
alcoholic potassium hydroxide; the mixture was placed in a thermo- 
stat, and portions of the solution, withdrawn at different times, 
were titrated with standard hydrochloric acid. 

The phenyl benzoate was purified very carefully by recrystallisa- 
tion and melted at 70°, which is slightly higher than the melting 
point observed by Nencki and Stoeber (Ber., 1897, 30, 1771). 

The standard hydrochloric acid was made up to approximate 
strength, and its exact normality determined by adding silver 
nitrate and weighing the precipitated silver chloride. The 
normality was so arranged that 20—28 c.c. were required to 
neutralise the free alkali in 10 c.c. of the reaction mixture. 

The alcohol required was heated with solid potassium hydroxide 
for six hours, and was then distilled. Potassium hydroxide was 
added to give approximately the required normality, and the 
standardisation was made with the standard hydrochloric acid. 

The reaction was carried out at 30°; an Ostwald toluene regu- 
lator was used, and the temperature of the thermostat was main- 
tained constant within 0°1° for weeks. A metallic stirrer driven 
by a small hot-air engine proved most effective; the engine could 
be kept running continuously for many weeks with the minimum 
of attention. 

The indicator found to be best in this work was sodium alizarin- 
sulphonate. The colour changes, however, can be followed best. by 
daylight, and hence the times of readings had to be arranged 
accordingly. Towards sodium alizarinsulphonate it was found 
that potassium benzoate reacted neutral, whilst the potassium salt. 
of the phenol was alkaline. The presence of the free phenol in 
the solution had no effect upon the sharpness of the end-point. 
In the earlier stages of the work, attempts were made to use 
phenolphthalein as the indicator, but this was found to be un- 
satisfactory, as the end-point was far from sharp. The difference 
between the behaviour of these two indicators in the presence of 
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potassium phenoxide is shown very clearly by the following experi- 
ment. Equal quantities of potassium hydroxide in presence of 
phenol were titrated with standard hydrochloric acid, using as 
indicator (a) sodium alizarinsulphonate, and (+) phenolphthalein. 
In the former case the end-point was sharp, and the acid required 
was equivalent to all the potassium hydroxide originally present. 
In the latter case the colour faded away gradually, but when it 
had disappeared completely the acid required was not equivalent 
to the potassium hydroxide originally present. In the reaction 
mixture at the commencement there was present an excess of alkali 
over that required for the complete saponification of the ester ; 
generally, 2—3 molecules of potassium hydroxide were employed 
for every 1 molecule of ester. 

The time required- for the complete saponification of phenyl 
benzoate at 30° is several days, and as it was desired to follow 
the course of the saponification without too long intervals of time 
elapsing between the different observations, two series of saponifica- 
tions were conducted in each case. One of these series was begun 
at night and the other on the following morning. Readings were 
taken, usually, every two hours from each solution, the time of 
starting being so arranged that a reading was taken each hour from 
one solution or the other. By this means, one series acted as a 
check on the other, and it was possible to obtain a continuous ex- 
amination of the reaction. In taking the readings, 10 c.c. of the 
reaction mixture were withdrawn, 2 c.c. of the indicator added, and 
the excess of potassium hydroxide immediately estimated by 
titration. 

Results Obtained. 


In many organic reactions the influence exerted by the initial 
concentration of the substances present is very striking, as is shown 
by the work of Burke and Donnan (T., 1904, 85, 555), Hecht and 
Conrad (Zeitsch. physikal. Chem., 1899, 4, 273), and Segaller (T., 
1913, 108, 1154); it was considered desirable to see whether in 
this case the same effect could be observed. 

Further, if we consider the saponification of phenyl benzoate by 
potassium hydroxide in alcohol to be due to potassium ethoxide, 
which may be formed, we should expect the velocity-coefficient to 
alter with changing dilution, for with greater dilution the forma- 
tion of potassium ethoxide would be favoured, 
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TaB_eE I, 
Phenyl Benzoate, M/20. Potassium Hydroxide, 0°242N. 
a=0°8067 x 10-3; 6 =0°3333.10-8; HCl=0°02847/. 


t (hours). Titration. Acid used. xX. 16. k. 
5 27-20 1-14 0-0325 0-00432 I. 


12 25-85 2-49 0-0709 0-00431\ ry 
18 24-88 3-46 0-0985 0-00430 f-~* 


26 23-75 4-59 0-1307 0-00434 I. 


39 22-38 5-96 0-1697 0-00428 | +7 
45 21-83 6-51 0-1853 0-00430 J 


64 20-52 7-82 0-2226 0-00428 IT. 
75 19-97 8-37 0-2382 0:00424 I. 
110 18-69 9-65 0-2747 0-00423 II. 


Mean of 25 determinations k=0-00430. 
Amount of ester saponified in 110 hours is 82-4 per cent. 


To show whether this was the case, we examined the course of 
the saponification when the initial concentration of the ester was 
M/20, M/30, and M/40, the concentration of the potassium 
hydroxide being kept constant (tables I, II, and III); further, the 
initial concentration of the potassium hydroxide was made WV /4, 
NV/6, and WV /8, the concentration of the ester being constant at 
M/30 (tables II, ITV, and V). 


Tas.eE IT. 
Phenyl Benzoate, M/30. Potassium Hydroxide, 0°242N. 
a=0°8067 .10-3; 6 =0°2222.10-3; HCl=0°02847. 
Mean of 25 determinations k=0-00428 


TasueE III. 
Phenyl Benzoate, M/40. Potassium Hydroxide, 0°242N. 
a=0°8067 .10-8; 6=0°1666 .10-3; HCl=0°02847N. 
Mean of 25 determinations k=0-00429. 


TaBLE IV. 
Phenyl Benzoate, M/30. Potassiwm Hydroxide, 0°1644N. 
a=0°5480 .10-3; 6=0°2222 .10-8; HCl=0°02162N. 
Mean of 25 determinations k=0-00429 
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TABLE V. 
Phenyl Benzoate, M/30. Potassium Hydroaide, 0°1165N. 
a=0°3883 .10-3; 6=0°2222.10-8; HCl=0°01486/. 


Mean of 25 determinations...... k=0-00427. 


From the figures given in these tables, it is clearly seen that 
the initial concentration of the ester or of the base had no effect 
that could be detected, the slight differences shown being well 
within the limit of experimental error; this result is in agreement 
with the work of Slator (T., 1904, 85, 1286). 


The Order of the Reaction. 


The value of the velocity-coefficient given in tables I—V was 
calculated from the equation for a bimolecular reaction: 


2-302 a-a« 5b 
=— i oe ae 
é a—b od a 


where 
a=initial concentration of potassium hydroxide, 


6 =initial concentration of ester, 
x=change of concentration of a and 6 in time ¢, 
¢t=time expressed in minutes. 

On applying the differential method of van’t Hoff (table V1) 
for the determination of the order of the reaction, it was found: 
(a) the action is unimolecular with regard to the initial concentra- 
tion of the ester; (6) the reaction is unimolecular with regard to 
the initial concentration of the potassium hydroxide. 


TaBLE VI. 
(1) a =0°0008067. 


t b,. db, /dt. t by. db,/dt. n. 
~~ lO ee Soleo 0000048 «—«1-02 
2 
a 
(2) 6 =0-0002222. 
t. a. da,/dt. t. Ap. da,/ dt. n. 
| 5 0-0007852 0-000043 ; 2 aoe 0-0000302 —:1-07 
So oeoees, —-0-000048 Fo epases §§— 00000214 0-95 
er 
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Thus the reaction appears to be unimolecular with regard to the 
concentration of either of the reacting substances, and bimolecular 
as a whole. 

This statement is verified by substituting in the Noyes’ formula 

yi log t, — log t, 
tliat log C, — log C,' 
where ¢, and ¢, are the times taken for a given fractional amount 
of the ester or alkali to disappear when the initial concentrations 
are C, and C, respectively. This form of the Noyes formula is 
only sentiediiin when the velocity-coefficient at the concentration 
C, is the same as the value at the concentration C4. 

The results obtained by this method are shown in table VII, and 
agree with the values obtained by the method of van’t Hoff. 


TaBLeE VII. 
I. a=0°0008067. 


Time for disappearance (hours). 


_ it n, 

-. b= b= A i 
Per —_ “oO 3333. 107%. 0°2222.107. 0°1666.10°%. M/20:M/30. M/20:M/40. M/30:M/40 
25 14-75 14-50 14-25 1-08 1-07 1-06 
50 37-75 37-50 37-50 1-02 1-01 1-00 
75 85-00 79-00 78-80 1-18 1-19 1-01 


II. 6=0°0002222. 


Quantity Time for disappearance (hours). 

~ ~~ n. 

aspenging, “  ¢e a= = - —- = 

Per cent. 0°8067.10™%. 0°548.1073. 0°3883.10°%. M/4:M/6. M/4:M/8. M/6:M/8. 
10 9-75 9-50 9-50 1-07 1-03 1-00 
20 23-00 21-00 20-50 1-23 1-13 1-06 
30 40-50 36-0 34-0 1-30 1-23 1-17 


If we examine the equation representing the action of pian 
hydroxide on phenyl benzoate, 
C,H,;°CO,°C,H, + 2KOH =C,H,;°CO,K + C,H,-OK + H,0, 

it is seen that the reaction would be considered to be termolecular, 
but as experimental evidence shows it to be bimolecular, it is most 
probable that it takes place in the following two stages: 

(a) C,H,*CO,°C,H,; + KOH =C,H,-CO,K + C,H;-OH, 

(6) C.H;-OH + KOH=C,H,°OK + H,O; 
the second of these reactions would proceed more rapidly than the 
first, and this fact accounts most probably for the results obtained. 


The valyes obtained from the Noyes equation show that when 
a large excess of potassium hydroxide is employed there is a 
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tendency at the end of the reaction for the order of the reaction 
relative to the potassium hydroxide to become slightly greater 
than one. 

THE CHEMICAL DEPARTMENT 


University, EDGBASTON, 
BIRMINGHAM. 


CXXII.—The Atomic Weight of Vanadium. 


By Henry Vincent Airp Briscoe and 
Harry Frank Victor LIitTtie. 


Few determinations of the atomic weight of vanadium have been 
made, and the results are by no means concordant. The early 
experiments of Berzelius (Pogg. Ann., 1831, 22, 14) and Czudno- 
wicz (ibid., 1863, 120, 17) may now be disregarded, as they are 
only of historical interest. The first determinations of any scien- 
tific value were those carried out by Roscoe in the course of his 
classic researches on vanadium (Phil. Trans., 1868, 158, 1; this 
Journ., 1868, 21, 322). Three ratios were measured, namely, 
V0; : V.0O,, VOCI, : 3Ag, and VOCI,: 3AgCl. The measurement 
of the first was effected by reducing a weighed quantity of vana- 
dium pentoxide to vanadium sesquioxide at a red heat in a stream 
of pure dry hydrogen and determining the diminution in weight. 
The second ratio was determined by breaking a sealed glass bulb 
containing a known weight of vanadyl trichloride in a stoppered 
bottle containing a solution of silver nitrate. The latter had been 
prepared by dissolving almost the necessary amount of silver in 
nitric acid and diluting with water. The additional silver required 
to complete the titration was then added in small quantities at a 
time according to the method of Stas. The third ratio was 
measured in a similar manner to the second, but the silver chloride 
produced was collected, dried, and weighed. 
Roscoe’s results may be stated as follows*: 
V,0, : V,0O;:: 1:2. 
* 5 Experiments— 
x= 1-21261 (highest) 


2=1-21196 (lowest) 
2=1-21225 (mean) V= 


* The antecedent data used throughout this paper are as follows: 
O=16, Ag=107°880, Na=23-000, Cl=35°460 and 35°457, results corresponding 
with each of.these two last values being given. 
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VOCI, : 3Ag::z: 1. 

9 Experiments— Cl= 35-460. Cl = 35-457 
x=0-53980 (highest) V=52-321 or 652-330 
x=0-53425 (lowest) . V=50-525 or 50-534 
x= 0-53586 (mean) V=51'046 or 51°055 

VOCI, : 3AgCl : : x=1. 
8 Experiments— Cl= 35-460. Cl=35-457. 


x=0-40537 (highest) V=51:937 or 51-943 
x=0-40174 (lowest) V=50:376 or 650-382 
x=0-40378 (mean) V=51°253 or 651°259 


More than forty years after the completion of Roscoe’s work, 
Prandtl and Bleyer (Zettsch. anorg. Chem., 1909, 65, 152; 1910, 
67, 257) published a re-determination of the atomic weight of 
vanadium. Their first experiments consisted in the measurement 
of the ratio VOC], : 3AgCl, and were given in two series, referring 
presumably to two different samples of vanadyl trichloride. The 
results are summarised below: 


VOC1, : 3AgCl:: a: 1. 

Series 1, 4 Experiments— Cl= 35-460. Cl= 35-457. 
x= 0-40367 (highest) V=51-206 51-212 
x=0-40322 (lowest) - W=251-013 51-019 
x= 0-40350 (mean) V=51'133 51°139 


Series 2. 5 Experiments— 
x= 0-40325 (highest) =51- or 51-032 
x==0-40287 (lowest) . or 50-868 
zx=0-40311 (mean) ‘ or 50971 

With these results Prandtl and Bleyer appear to have been 
dissatisfied. Accordingly, eight new determinations were made, 
but four of the results were rejected as being defective. The others 
may be summarised as follows: 

Series 3. 4 Experiments— Cl= 35-460. Cl=35-457. 
x=0-40356 (highest) V=51-159 or 51-165 
a—0-40335 (lowest) V=51-069 or 51-075 
x= 0-40346 (mean) V=51'116 or 5§1°122 

Thus Series 3 confirmed the results obtained in Series 1. Re 
garded as a single series of thirteen experiments, Prandtl and 
Bleyer’s determinations give the following mean result: 

VOCI, : 3AgCl: : 0-40335: 1 
-. V=51:069 (Cl=35-460), 
or V=51074 (Cl=35-457). 

In addition to the preceding experiments, Prandtl and Bleyer 
carried out four determinations of the ratio V,O, : V,O;, with the 
following results: 

-V,0,: V_O;:: 1:2. 
x= 1-21259 (highest) V=51-261 
a= 1-21222 (lowest) V=51-395 
x= 1-21233 (mean) V=51°356 
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These results agree well with those of Roscoe. 

In a determination of the atomic weight of vanadium, published 
in 1910, McAdam (7. Amer. Chem. Soc., 1910, 32, 1603) used a 
method totally different from any of those hitherto mentioned. A 
known weight of anhydrous sodium metavanadate, contained in 
a quartz flask, was heated in a stream of hydrogen chloride and 
chlorine, and the residual sodium chloride fused and weighed. The 
results were as follows: 

NaVO,: VaCl:: 1:2. 

5 Experiments—- Cl=35 460. Cl= 35-457. 
x=0-47941 (highest) V=50:'42 or 50-936 
x=0-47921 (lowest) V=50992 or 50-986 
x= 0-47932 (mean) V=50°966 or 50-960 

It will be clear from the preceding résumé that there is room 
for considerably more work upon the atomic weight of vanadium. 
Simple though the oxide method may appear to be, the results it 
has afforded up to the present time must be regarded with con- 
siderable suspicion. The atomic weight derived from it is un- 
doubtedly too high, and, according to Prandtl and Bleyer, is of 
little or no significance, since vanadium sesquioxide so readily 
absorbs oxygen, even at the ordinary temperature, that the deter- 
mination of its weight is a matter of great difficulty. All the more 
obvious sources of error attaching to the method, namely, presence 
of non-volatile impurity, incomplete reduction of the vanadium 
pentoxide, and absorption of oxygen by the sesquioxide prior to 
the determination of its weight, cause the atomic weight deduced 
to be in excess of the true value. It may be mentioned as a 
curious and suggestive fact that many atomic-weight determinations 
carried out by effecting the analyses or syntheses of oxides are only 
of moderate value. 

The vanadyl trichloride ratios of Roscoe and of Prandtl and 
Bleyer are evidently only approximations to the true values. 
Although the experiments of Prandtl] and Bleyer are more concor- 
dant than the early experiments of Roscoe, yet their thirteen values 
for the ratio VOCI,:3AgCl range from 0°40367 to 0°40287, 
numbers which differ by 1 part in 500, and the corresponding 
values for the atomic weight of vanadium vary from 51°21 to 50°87, 
a difference of more than three-tenths of a unit. 

The disagreement between series 2 of their experiments and 
series 1 and 3 indicates that in some part of the work the vanadyl 
chloride analysed must have been impure, whilst the moderate 
agreement of the individual results indicates appreciable error, 
either in the method of analysis adopted or in the execution of 
the analyses. 

The vanadate—chloride ratio determined by McAdam, however, 
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would appear to be of considerable value. The experiments were 
carried out with four different preparations of sodium metavana- 
date, and the fairly close agreement of the results leaves little room 
for doubt that this salt is so well defined as to be completely 
suitable for use in atomic weight work. Further, McAdam’s method 
has the great advantage over the oxide method that the final 
substance weighed (sodium chloride) is, like the initial substance, 
a well-defined compound which can be fused without decomposition 
and readily examined for possible impurities. The experimental 
method is simple, and avoids transference of material. Hence, 
although McAdam regards his experiments as preliminary to a 
more detailed investigation, as yet unpublished, the atomic weight 
deduced from them should presumably be a fairly close approxima- 
tion to the true value. It is accordingly noteworthy that all 
McAdam’s values lie below 51. 


Outline of the Present Investigation. 


Although vanadium forms many compounds, few of them appear 
to be suited for use in the determination of its atomic weight; 
thus, McAdam states that the only vanadate of sodium that can 
be prepared of sufficiently definite composition is the metavanadate. 
Of the silver salts only the pyrovanadate appears to offer any 
promise, and when it is recalled that even such a salt as silver 
orthoarsenate is by no means easy to prepare in a state of purity 
(Baxter and Coffin, J. Amer. Chem. Soc., 1909, 31, 297) it is at 
least doubtful whether an investigation of the composition of silver 
pyrovanadate would yield results of sufficient definiteness to com- 
pensate for the necessary expenditure of time and labour. 

In the present investigation, therefore, the composition of 
vanadyl trichloride has been re-determined. The experimental 
difficulties arise from the nature of this substance, which is a liquid 
boiling at 127°, instantly decomposed by water into vanadic and 
hydrochloric acids, and must, therefore, be weighed in sealed glass 
bulbs. It was in devising a method by which the vanadyl tri- 
chloride could be fractionally distilled and collected in bulbs that 
the greatest difficulty was encountered. 

Roscoe’s method of effecting the analysis, already outlined 
(p. 1310) is inadvisable, since occlusion of soluble salt by the pre- 
cipitated silver chloride undoubtedly occurs; the decomposition of 
the vanadyl trichloride and precipitation of the silver chloride 
must accordingly be effected in two successive stages. 

Another possible source of error in Roscoe’s method was pointed 
out by Prandtl and Bleyer. Vanadic acid is reduced by concen- _ 
trated hydrochloric acid to vanadyl dichloride, chlorine being 
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evolved, and the possibility of the liberation of a little free chlorine 
when vanadyl trichloride reacts with water must accordingly be 
recognised. To ensure the conversion of any free chlorine thus 
liberated into soluble chloride, Prandtl and Bleyer broke the bulb 
of vanadyl trichloride in a stoppered bottle containing water and 
a slight excess of zinc. The latter reacted with the hydrochloric 
acid and with any free chlorine which might have been produced, 
and reduced the vanadic acid to vanadyl dichloride. 

It appeared probable to the authors that in cold dilute aqueous 
solution hydrochloric acid would be without action on vanadic acid, 
and a test experiment proved that such was indeed the case. 
Carbon dioxide was slowly bubbled for twenty-four hours through 
a dilute solution containing vanadic, hydrochloric, and nitric acids, 
and the issuing gas was passed through a solution of potassium 
iodide, the apparatus being constructed entirely of glass. No 
iodine was liberated.* Accordingly Prandtl and Bleyer’s method 
of decomposing the vanadyl trichloride was rejected, and instead, 
the bulb containing the liquid was broken in a stoppered bottle 
containing a slight excess of an aqueous solution of ammonia. 
All the chloride was thus converted into ammonium chloride. The 
solution was diluted, cooled to 0°, acidified with nitric acid, and 
the chloride straightway precipitated by the addition of silver 
nitrate. The entire process thus resembled that adopted by Baxter 
and his collaborators in their analyses of phosphorus tribromide 
and phosphorus trichloride (J. Amer. Chem. Soc., 1912, 34, 259, 
1644). 

Of the two ratios that may be measured, namely, VOCI, : 3Ag 
and VOCI, : 3AgCl, only the first was studied in detail. ~ Two 
measurements of the second ratio were, however, also effected. The 
determination of the first of these ratios is considerably simpler 
than that of the second, and so affords less opportunity for the 
introduction of experimental errors; the results obtained by the 
two methods are, nevertheless, in excellent agreement. 


The Preparation and Purification of Reagents. 


Water—tThe distilled water of the laboratory was of a high 
degree of general purity. In particular, repeated nephelometric 
tests made at frequent intervals throughout the whole course of the 
work showed it to contain an amount of chlorine never exceeding 
the equivalent of 0°03 mgm. of silver per litre of water. This 
water was used in the preparation of sample 1 of silver. 

* In this experiment the concentrations of vanadic, hydrochloric and nitric acids 
were chosen to correspond with those in the solutions obtained in the course of the 
analyses described later (p. 1327). 
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| The water employed in the remainder of the work was prepared 
from the laboratory distilled water by distillation from a copper 
boiler of 25 litres capacity, after addition of a small amount of 
, pure sodium carbonate. The steam was taken sideways from a 
dome at the top of the boiler and passed through 60 cm. of 5 cm. 
copper pipe before entering the block-tin tube of the condenser. 
In each distillation, after the first 4 litres had been rejected, the 
water was collected and stored in a Jena-glass stoppered bottle of 
15 litres capacity. Each lot of water was tested in the nephelo- 
meter, and found to be free from chlorine; it was used without 
undue delay. 

Nitric Acid —The purest commercial nitric acid was twice dis- 
tilled in an apparatus constructed entirely of glass, and in each 
| distillation the first third which passed over and a small end- 
. fraction were rejected. A careful nephelometric test for chlorine 

on the diluted acid gave negative results; the amount of chlorine 
present in any quantity of acid used in the subsequent work must 
therefore have been negligible. 

For use in the preparation of silver the acid was further redis- 
tilled from a still of about 1000 c.c. capacity; the still, still-head, 
condenser, adapter, and receiver being constructed entirely of 
platinum. 

Ammonia.—For the purpose of these determinations it was 
obviously unnecessary to free the ammonia from traces of volatile 
organic bases. The purest ammonia of commerce (D 0°880) was 
slowly heated in a large Jena-glass flask, and the gas evolved was 
led through a long, wide Jena-glass tube, suitably bent twice at 
right angles, directly into pure water contained in a second Jena- 
glass flask. The joint with the distilling flask was made with 
tin-foil. 

The solution of ammonia thus produced, when acidified with pure 
nitric acid and tested with silver nitrate in the nephelometer, gave 
an opalescence which was only just noticeable by comparison with 
pure water containing no silver; it must therefore have contained 
a totally insignificant amount of chlorine. 

Zinc.—The zinc used in the work was granulated electrolytic 
zinc, kindly presented by Messrs. Brunner Mond & Co., Ltd. 
It was used without further purification. 

Hydrochloric Acid.—This acid, which was required in the pre- 
paration of pure hydrogen, was made according to the method of 
Thorne and Jeffers (Analyst, 1906, 31, 101) by digesting the purest 
commercial acid with a copper-tin couple and then distilling it 
in an apparatus constructed entirely of glass, a little copper—tin 
couple and fine copper gauze being placed in the distilling flask. 
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Hydrogen.—This gas, required for use during the fusion of the 
silver, was prepared by the action of diluted hydrochloric acid on 
zinc in a Kipp’s apparatus. A small quantity of platinic chloride 
was added to assist the action. 

The gas was passed through a special purifying train, the separate 
parts of which were fused together, and comprised a sloping tube 
30 cm. long containing 50 per cent. potassium hydroxide solution, 
60 cm. length of tube containing lumps of fused potassium hydr- 
oxide, and 30 ém. length of tube filled with phosphoric oxide. The 
two rubber joints used to connect the purifier with the Kipp’s 
apparatus and the electric furnace were of the best black rubber 
tubing, within which the ends of the glass tubes met. 

The hydrogen issuing from the purifiers was of a high order of 
purity, as in a Marsh test, in which about 20 litres of gas passed, 
no visible deposit was formed on the capillary. About 12 litres 
of the gas were burnt in a current of purified air, and the water 
produced tested for carbon dioxide with dilute barium hydroxide. 
Only the faintest turbidity was produced. Hence the hydrogen 
was free from hydrocarbons. 

Chlorine.—The chlorine used in the preparation of the vanadyl 
trichloride was taken from a steel cylinder of the liquefied gas 
prepared at the Stassfurt Alkali Works by the electrolysis of 
brine. 

Vanadyl Trichloride——Vanady] trichloride was prepared from 
various samples of vanadic acid by the classic method of Berzelius. 
About 50 grams of vanadium pentoxide were introduced into a Jena- 
glass tube drawn out at the end into a “ goose neck.” Hydrogen 
was generated by the action of sulphuric acid containing a little 
copper sulphate on granulated zinc, and passed successively through 
(i) a solution of lead oxide in aqueous sodium hydroxide solu- 
tion, (ii) an aqueous solution of silver nitrate, and (iii) concen- 
trated sulphuric acid. The tube was heated to dull redness while 
a current of this hydrogen was passed through, and the reduction 
was carried on until no more water appeared to be formed; the 
vanadium trioxide was allowed to cool in hydrogen. From certain 
samples of vanadium pentoxide a little metallic arsenic was evolved 
and condensed near the open end of the tube; in all such cases 
the arsenic was completely driven out of the tube by heating the 
end with a free flame. 

The vanadium sesquioxide was treated with chlorine at a dull 
red heat, a bulb trapped with a U-tube containing concentrated 
sulphuric acid and cooled with ice, being used for the collection of 
the vanadyl trichloride. The connexion between the receiver and 
the tube was made gas-tight by means of a wrapping of pure lead- 
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foil coated externally with Chatterton cement. The product was 
preserved in stoppered bottles. The action proceeds as indicated in 
the equations: 
V0; + 2H,—> V,0, + 2H,O, 
3V,0; + 3C], —> 2VOCI, + V,O;. 

The yield generally obtained was about 95 per cent. of the calcu- 
lated. The vanadium pentoxide regenerated in the process was set 
aside and worked up later. 

As starting material five samples of vanadium pentoxide and one 
sample of vanadium sesquioxide were employed. 

Sample 1, vanadium pentoxide (98 per cent.) from Pittsburg. 

Sample 2, pure oxide, prepared by Sir Henry Roscoe. 

Sample 3, oxide from Mottram. 

Sample 4, pentoxide obtained at Pittsburg by calcination of a 
solution of the sesquioxide in oxalic acid. 

Sample 5, rich oxide ore from Pittsburg. 

Sample 6, pure sesquioxide prepared by Sir Henry Roscoe. 

From these samples 1400 grams of vanadyl trichloride were 
prepared, some of which was yellow and some brown, probably 
owing to the presence of vanadium tetrachloride. 

Each lot of crude material was then distilled, the main fractions 
boiling between 126° and 127°/760 mm., being kept separately and 
the first and last fractions rejected. These distillations were carried 
out in an apparatus constructed entirely of glass, the thermometer 
being fixed by a joint of fused silver chloride into the ground-glass 
stopper of the flask. The six main fractions were united in pairs, 
boiled for six hours with metallic sodium in a glass apparatus, and 
again distilled, the three main fractions being collected and the 
first and last fractions mixed with those from the first distilla- 
tions. The main fractions were united, again heated with sodium 
for six hours in the glass reflux apparatus, and distilled. The first 
and last fractions were again rejected, and two main fractions 
collected: (I) of 420 grams, (II) of 240 grams. 

Fraction II was decomposed by water and converted into vana- 
dium pentoxide by repeated evaporation with nitric acid. The 
product was extracted six times with small quantities of water, 
and the washings divided into two parts, which were tested respec- 
tively (a) for arsenic, by Marsh’s test, (b) for phosphoric acid by 
means of ammonium molybdate. No trace either of arsenic or 
phosphorus was detected. 

Fraction I was further redistilled, rejecting the first and last 
fractions, the main fraction being preserved in a sealed glass vessel 
until required for use. 

From observations made during these distillations it was con- 
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cluded that the boiling point of pure vanady] trichloride at 760 mm‘ 
approximates closely to 127°.* : 

Silver.—Three samples of silver were prepared. 

Sample 1 was prepared by a modification of the well-known 
bisulphite method of Stas. A cold dilute solution of commercial 
silver nitrate was treated with a slight excess of the purest hydro- 
chloric acid of commerce, the precipitate repeatedly washed by 
decantation with cold water, digested with nitric acid for about 
eight hours at 100° in a platinum dish, and again washed thor- 
oughly with water. The silver chloride was then covered with water 
in a large Jena-glass bottle, and ammonia gas was passed into the 
liquid until complete solution of the silver chloride was effected. 
For each 10 grams of silvér present 1 gram of electrolytic copper 
was weighed out. The copper was first cleaned with nitric acid, 
washed with water, dissolved in a slight excess of nitric acid, and 
the solution added to the ammoniacal silver solution, and more 
ammonia passed into the mixture. The silver was then precipitated 
in a crystalline form by diluting with water until there was 
50 c.c. of solution present for every gram of silver, adding an 
excess of ammonium bisulphite solution, and warming to about 80°. 
The bisulphite was prepared by leading into water ammonia and 
sulphur dioxide, the latter from the middle fraction of the liquid 
in an ordinary syphon. The precipitated silver was repeatedly 
digested with concentrated ammonia, and washed by decantation 
with water. It was then dried at 250° in a small electric oven, 
constructed from a Jena-glass beaker by winding it with nichrome 
ribbon and packing it with magnesia inside a larger beaker. 

Sample 2 was prepared by the formate method. Silver nitrate 
was twice recrystallised, once from nitric acid (D 1°2) and once 
from water. In each case the crystals were centrifugally drained 
to remove the mother liquor, and washed with a little water. The 
salt was then dissolved in water, and reduced by means of 
ammonium formate. The water, ammonia, and formic acid were 
prepared immediately before use, the last-named by redistilling 
Kahlbaum’s purest formic acid in the platinum still previously 
mentioned, and rejecting the first runnings. The preparation was 
carried out, as described by Richards and Wells (J. Amer. Chem. 
Soc., 1905, 27, 459), in vessels of Jena glass, and the resulting 
silver washed, first with ammonia and then with water, and dried 
at 250°. 

Sample 3 was prepared from the greater part of sample 1 by 


* The preparation of the vanadyl chloride thus far, and the tests above described, 
were carried out by one of us under the direction of Sir Edward Thorpe, to whom 
our thanks are due for the gift of this material. 
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dissolving it in a slight excess of nitric acid, neutralising the solu- 
tion with ammonia, and then reducing it with ammonium formate, 
as in the case of sample 2. The silver was washed and dried as 
before. 

Before any sample of silver was weighed out for use in analysis 
it was fused in a current of hydrogen, cooled in hydrogen, thor- 
oughly etched with nitric acid, washed successively with water, 
ammonia, and water, dried at 250°, and cooled in a desiccator over 
potassium hydroxide. As a support for the silver during the 
fusion, boats of fused quartz, lime, and magnesia were tried. The 
first-named cannot be recommended as they crack after one or two 
fusions have been made, and the lime boats could not easily be 
prepared of the requisite strength, at least by the method of 
Richards and Wells. Magnesia boats of a fair degree of strength 
are, however, readily constructed, and serve admirably as supports 
for the silver. Considerable difficulty was at first experienced in 
obtaining magnesia free from sulphur, but a sample containing 
only a trace of sulphur was eventually prepared by igniting in an 
electrically-heated muffle furnace* basic magnesium carbonate 
obtained from the purest commercial magnesium nitrate by repeated 
precipitation with pure sodium cat bounte. This magnesia was 
moulded with water into the proper shape, dried, and the last trace 
of sulphur was then readily eliminated by heating the boat to 
1000° for three hours in a current of moist pure hydrogen. 

The furnace used in this operation and in the fusion of the 
silver was made by winding the central 25 cm. of a porcelain tube 
(60 cm. by 3°5 cm.) with 9°6 metres of nichrome ribbon (0°16 cm. 
by 0°036 cm., or 1/16” x 0°0142”), and insulating it with a layer 
of asbestos 8 cm. thick. The current was taken directly from the 
lighting circuit (105 volts), and a temperature of 1100° was readily 
obtained. 

An assortment of very small pieces of silver being required for 
adjusting the weight of silver in each experiment as exactly as 
possible, a iarge button of silver (sample 1) was drawn into a 
number of wires of different thicknesses, the wires being repeatedly 
etched during the drawing to remove any iron from their surfaces. 
They were then cut by means of a clean chisel into pieces varying 
in length from 1 to 4 mm., the whole etched with nitric acid, 
washed, and dried at 250°. 

From a consideration of the work of Stas, Richards, Scott, and 

* This furnace was constructed by winding 11°3 metres of No. 17 Brown and Sharpe 
nichrome wire on a clay Q-section muffle 14 cm. wide; the winding was covered 
with a paste of magnesia and water and dried slowly, and the whole. packed with 


slag-wool in a uralite box. With a current of 9 amperes at 105 volts it attained a 
Steady temperature of 1000° in an hour. 
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others it is evident that the silver used in this investigation was of 
a high order of purity. In the cases of samples 1 and 3 this 
conclusion is, further, supported by the results of a series of com- 
parative assays made at the Royal Mint, for which purpose buttons 
of these samples were submitted. After numerous preliminary 
assays they were compared with the best sample of proof silver. 
Taking the latter as 1000 fine, the results were as follows: 


PII is ccrnrdccundesecxenasiensies 999-97 fine. 
FOUND RES. scccsconcscdassosessooes 999-98 fine. 


These results were each the mean of three concordant determina- 
tions. 


The authors are indebted to Messrs. S. W. Smith, B.Sc., 
A.R.S.M., and W. A. C. Newman, B.Sc., A.R.S.M., Assistant 
Assayers of the Royal Mint, for their kindness in carrying out 
these comparative assays. 


The Determination of Weight. 


Every care was taken to make the error in weighing so small 
as to be insignificant in comparison with the other possible errors 
of experiment. Accordingly, the vanadyl trichloride and silver 
were weighed on a long-beam Oertling balance, sensitive to the 
hundredth of a milligram. The sensitiveness of this balance 
increased with the load; throughout most of the work it was 
50 scale divisions per milligram with a load of 10 grams in each 
pan. The smallest weight used was the 5-milligram weight, the 
rider also weighing 5 milligrams. 

In the process of weighing, the rider was adjusted to within 
1/10th of a milligram of the correct value, and the fifth decimal 
determined by the method of oscillations. All weighings were 
made directly, there being no necessity to resort either to the 
method of substitution or to the method of reversals, since inter- 
changing the object and the weights produced no change in the 
fifth decimal place with the loads employed. The zero of the 
balance was always taken before and after each weighing, and 
whenever necessary the object weighed was balanced against a tare 
resembling it as nearly as possible in material, shape, volume, and 
weight. The balance-room had a northern aspect, and the tem- 
perature variation did not exceed 3° throughout the entire investi- 
gation. The levelling screws of the balance stood on three glass 
plates, which in turn rested on three packets of filter paper, the 
whole being supported on a stone slab let into the wall. All 
weighings were made as late in the evening as possible, usually 
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after 10 p.m., to minimise the disturbances due to passing traffic, 
etc. 

The weights used were carefully compared among themselves, 
and from the observations their relative values in air were 
deduced. All weights given in this paper represent relative weights 
in a vacuum. The vacuum correction to be applied to the weight 
of an object consists of two parts, one positive and equal to the 
weight of air displaced by the object, and the other negative and 
equal to the weight of air displaced by the weights used. Provided 
that the relative values of the weights in air are known, this 
second correction is obviously unnecessary. It was accordingly 
omitted, and the following vacuum corrections applied: 

EE. . neascnimeernosuten D 10-49 +0-000117 gram per gram 
Silver chloride......... D 5-56- +0-000221 ,, - 

From the manner in which the glass bulbs containing the vanadyl 
trichloride were prepared (p. 1326), it will be seen that the only 
correction necessary to the apparent weight of the liquid was the 
weight of air contained in the bulb at the time it was initially | 
weighed.* The determination of this correction necessitated a 
knowledge of the temperature and pressure of the atmosphere at 
the time the bulb was first weighed and of the internal volume 
of the bulb. The latter was obtained by calculation from (i) the 
weight of glass in the buib, and (ii) its external volume as deter- 
mined by weighing it in air and in water. An example of the 
method of calculation is given on p. 1330. 

Owing to the large weight of the Gooch crucibles employed, the 
weights of the silver chloride precipitates produced in the gravi- 
metric experiments were determined by the method of reversals on 
a small Sartorius balance. They are probably accurate to 1/20th 
milligram. In determining the corrections rendered necessary by 
loss of asbestos and retention of water, the Oertling balance was 
used. 

The air in the balance case was kept dry by means of potassium 
hydroxide. 

The Nephelometer. 


In the determination of the quantity of silver equivalent to a 
known amount of vanadyl trichloride, use was made of a nephelo- 
meter rather simpler in construction than that used by Richards 
and Wells (Amer. Chem. J., 1904, $1, 235). The main construc- 
tional details are indicated in Fig. 1, 7, and 7, being the test-tubes 


* Not the weight of air which would have filled the bulb at the time it was 
weighed filled with liquid, because the bulb and stem in each case (p. 1328) were 
balanced against a similar tare in which the capillary between the bulb and stem 
had been closed by fusion. 
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in which the turbidities to be compared are produced, D, and D, 
are the dark sliding tubes by means of which the lengths of turbid 
liquid exposed to light are varied, and M, and M, two parallel 
plane mirrors inclined at 45° to the axes of the tubes. The front 
mirror is so adjusted as to cover only half the front tube, so that, 
on looking through O, the circle of view comprises in one-half the 
image of half the back tube, and in the other half that of half the 
front tube. The mirrors used were cut from the same piece of 
glass, and silvered in the same silvering bath. Experiment proved 
that the measurement of the ratio of the turbidities produced in 
two tubes was unchanged when the positions of the tubes were 
reversed. 

In carrying out nephelometric tests all the precautions mentioned 
by Richards and Wells (7. Amer. Chem. Soc., 1905, 27, 459) were 
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taken. The test-tubes were made in pairs from the same piece of 
tube, and each pair similarly etched; the open ends of these tubes 
were ground flat, and their contents were protected from the 
atmosphere by plane glass covers. 

After a short experience of the process all measurements were 
carried out in duplicate, 100 c.c. of liquid being withdrawn and 
25 c.c. run into each of four tubes. To one tube of each pair 
was added 1 c.c. of a solution of silver nitrate containing 1 mg. of 
silver per c.c., and to the other 1 c.c. of an equivalent solution of 
sodium chloride. When two turbidities thus produced are equal 
in intensity, it is clear that the concentrations of silver and chlorine 
in the liquid are equivalent, and hence are to be attributed solely 
to the dissolved silver chloride; in other words, the end-point has 
been reached in the titration. 
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Final Purification of Vanadyl Trichloride and its Collection 
for Analysis. 


The principal departure from previous practice was made in the 
fractional distillation of the vanadyl trichloride and its collection 
in bulbs. The method adopted by Prandtl and Bleyer for this 
part of the determination appears to be unsatisfactory. The liquid 
was introduced into their apparatus by pouring—a procedure which 
must have involved contact with air—and then twice distilled 
without exposure to air, rejecting the last fraction in each distilla- 
tion. The final fraction was collected in a conical flask into the 
bottom of which a number of fine tubes carrying the bulbs were 
inserted. It is obvious from the manner of filling the bulbs that 
no sharp separation into fractions could have been attained. It 
would also appear that the different parts of the apparatus were 
connected together by rubber stoppers, a plan which is to be 
deprecated in the case of a liquid having the properties of vanadyl 
trichloride. 

In designing a distillation apparatus the authors endeavoured to 
fulfil the conditions (1) that the fractionation should be carried 
out without any exposure to atmospheric moisture, (2) that taps 
should, as far as possible, be avoided, and (3) that the method of 
weighing should not involve the difficult process of collecting and 
weighing the fragments of a broken bulb. After numerous 
attempts the apparatus described below was devised, and was found 
to be thoroughly satisfactory. The construction of this apparatus 
was only rendered possible after a special type of joint had been 
devised ; this will be described at this point, and in some detail, 
because it is readily constructed, appears to be capable of wide 
application, and apparently has not been described previously. 

The Special Joint.—This joint is represented diagrammatically 
in Fig. 2. A wide tube A has sealed into one end of it the tube 
B, the narrow part of which lies inside A ; the narrow tube is left 
open at C, and has a scratch round it at D. Afterwards the wide 
tube is drawn down and sealed to the tube H, and the open side- 
tube F is inserted. In this condition the whole is sealed at the 
end B into the vessel V, from which the distillation is to take 
place in such a way that the side-tude is horizontal when V is in 
its normal vosition. The whole apparatus is then cleaned with 
chromic and nitric acids, washed, and dried by means of a current 
of dry air. At this stage the narrow tube is sealed at C by 
means of a minute gas flame burning at a platinum jet on the end 
of a long capillary Jena-glass tube, which is introduced through the 
tube #; this flame is fed by oxygen led in through the side-tuke F. 
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The sealing of C takes place almost instantaneously, and no appre- 
ciable amount of moisture is introduced into the tube B. 

The vessel V may now be used for the reception of any material 
desired, and then sealed off at G. In this condition it is hermeti- 
cally sealed, and its contents may be kept unchanged indefinitely. 

For the purpose of distilling the liquid into another vessel the 
latter is sealed on to the tube Z, and is cleaned, washed, and dried 
together with the body of the joint. Then a piece of glass rod of 
such a size as will slide easily in / is introduced therein, and the 
open end of the side-tube is sealed off. The new vessel and the 
open part of the joint may now be exhausted and sealed off from 
the pump, and connexion established between it and the first 
vessel V by inclining the apparatus so that the glass rod falls 
down the side-tube and knocks off the end of the narrow tube CD. 

It will be seen that the joint, in effect, serves as a tap which can 
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be opened once and closed once (by sealing off at B or #), without 
any possibility of leakage and without bringing the contained 
material into contact with anything other than dry glass. 

Outhne of Method of Purification —The final purification of the 
vanadyl trichloride consisted in digesting with metallic sodium a 
portion of fraction I (p. 1317), and separating this by distillation 
in a vacuum into four main fractions, A, B, C, and D, smaller 
fractions at the beginning and end being rejected. Fraction A 
was then further fractionated into six parts, of which the first and 
last were rejected, and fractions 2 to 5 collected in weighed bulbs. 
This was done chiefly for the sake of practice in the method, as 
the material’ was slightly brown, and the bulbs were used only for 
preliminary determinations. 

The main fractions, C and D, were redistilled into eight and ten 
fractions respectively, the middle 6 and 8 respectively being 
collected in bulbs for use in the determinations. 
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Digestion with Sodium and First Fractionation About 2 grams 
of clean metallic sodium, cut from the middle of fresh lumps of 
the metal, were placed in a 150 c.c. flask F (Fig. 3) having a long 
neck, into which were sealed a special joint # and a U-tube G. 
The neck was then constricted at H, 105 grams of vanadyl tri- 
chloride were poured in through a long funnel, and the neck was 
sealed off at 7. The flask was then heated on a sand-bath, and its 
contents were gently boiled for twelve hours, and finally the 
U-tube was sealed off at J. An apparatus of the form shown in 
the figure was then sealed on to the flask at XK. The vessels A, B, 
' (, D, intended for the reception of the main fractions, each carried 
a special joint, the narrow tubes in these joints being left open 
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until the whole apparatus had been carefully cleaned and dried 
by a current of dry air which passed in at Z and out at M and VW. 
Next, the glass rod was introduced into the side-tube at M, and 
the side-tube sealed up; the bulb at WV was also sealed. The 
apparatus was connected with a Gaede pump through a long tube 
containing phosphoric oxide and exhausted, being heated cautiously 
the while by a free flame. Air was then re-admitted slowly to the 
apparatus, and the whole exhausted as before. This procedure was 
repeated four times in order to free the apparatus from any possible 
trace of water. Then the flask was cooled in a freezing mixture 
of ice and crystallised calcium chloride, the joint H was broken, 
and the pump was kept working until vanadyl trichloride began 
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to condense in the catch-bulb 0, which was cooled in liquid air; 
lastly, the apparatus was sealed off from the pump at P. 

A small fraction was first distilled into the bulb R by warming 
F cautiously in a current of warm air from a burner and cooling 
RF in liquid air; then, whilst the bulb was still kept cool, the capil- 
lary at S was sealed. By a similar method each of the tubes 
A, B, C, D in succession was about half-filled with distillate and 
sealed off from the rest of the apparatus. The end-fraction was 
left in the flask. 

Final Fractionation into Bulbs—The further fractionation of 
the distillate was effected in the following manner: The special 
joint of the tube containing the main fraction was fused on to a 
straight tube carrying a series of ground sockets in the manner 
indicated in Fig. 4. The bulbs, of the form shown at A, were 
attached to tubes ground into these sockets, corresponding tubes 
and sockets being similarly numbered by etching. These tubes and 
sockets were very carefully made from flawless tube, and were 
finally polished with rouge and turpentine. They would hold a 
moderate vacuum without any lubricant. 

After the apparatus had been very carefully cleaned and dried 
and the bulbs had been weighed, the latter were fitted to their 
sockets, a very small quantity of grease, compounded of unvulcan- 
ised rubber, paraffin, and vaselin, being smeared on the upper half 
only of the joints. As the lower parts of the joints fitted excel- 
lently, the vanadyl trichloride vapour did not come into contact 
with the grease. 

When the bulbs had been fitted, the glass rod was introduced 
into the joint, and the side-tube and the capillary WV were sealed 
up. The apparatus was then connected through the bulb O and 
a phosphoric oxide tube with the Gaede pump, exhausted, and 
sealed off from the pump at P. 

The joint was broken by tilting the apparatus, and a first fraction 
was distilled into the bulb R, which was sealed off whilst still 
immersed in liquid air. Subsequently the bulbs were filled and 
sealed off one by one. 

During the distillation the apparatus was kept at about 25° by 
a current of warm air rising from resistance coils, and the vapour 
was caused to condense in any desired bulb by immersing it in 
liquid air. Each bulb was sealed off at the capillary as rapidly 
as possible immediately after it was filled, and preserved in a 
numbered box. 

In no case was the slightest sign of any decomposition of the 
vanadyl trichloride observed during the sealing. 

In connexion with this part of the distillation a curious point 
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arose. It was found that when a bulb was first cooled a consider- 
able condensation of vanadyl trichloride took place, and it became 
about one-third filled in two to three minutes, after which con- 
tinued cooling even for three hours caused no great increase in 
the amount of material condensed. It seemed possible that this 
might be due to the fact that a certain amount of air must have 
been left in the apparatus (although its pressure was certainly less 
than 4 mm.). The following sequence of events may then be 
imagined: The bulb is cooled, and a quantity of vanadyl chloride 
vapour and air rushes in; the vanadyl chloride is condensed (its 
vapour pressure may be taken to be negligible at the temperature 
of liquid air), whilst the air remains as gas. This goes on until the 
bulb contains only solid vanadyl! trichloride and air, the latter at 
a pressure equal to the combined pressures of vanadyl chloride 
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vapour and air in the rest of the apparatus. When this point is 
reached the vapour of the chloride can only reach the bulb by the 
slow process of diffusion along the stem and through the capillary. 

If this hypothesis is correct it should be easy to fill the bulb by 
alternate heating and cooling, just as a thermometer is filled. This 
procedure was accordingly tried, and found to answer satisfactorily ; 
by surrounding the bulb alternately with liquid air and with 
alcohol at room temperature it was possible to fill it completely in 
about ten minutes. 

Methods of Analysis. 


In each experiment the bulb containing the vanadyl trichloride 
was cleaned externally and dried over sulphuric acid. The stem 
corresponding with the bulb was also dried, and the bulb, liquid, 
and stem were then weighed together after remaining in the 
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balance case for at least twelve hours. The bulb was lowered, by 
means of a long glass rod drawn out to a hook at the end, into a 
strong resistance glass bottle of 2 to 5 litres capacity. A slight 
excess of an aqueous solution of ammonia was introduced into the 
bottle, the stopper securely tied in, and the whole cooled to 0°. By 
shaking the bottle the small bulb was then broken. 

After it had remained for at least twenty-four hours, the bottle 
was again cooled to diminish the internal pressure, the stopper was 
removed and rinsed into the bottle, and the liquid diluted with 
ice-cold water to at least 700 c.c. Any large fragments of the 
bulb were broken up by means of a stout glass rod. 

In the determination of the ratio VOC), : 3Ag, from 45 to 50 c.c. 
of concentrated nitric acid were measured out, diluted to 
300—400 c.c. with water, cooled to 0°, and then carefully poured 
into the cold slightly ammoniacal solution contained in the bottle, 
the whole being mixed by careful shaking. 

Meanwhile, a button of silver, slightly less in weight than that 
actually required to react with the chloride, was prepared in the 
manner already described (p. 1319). By the addition of one or 
two small pieces of silver wire the quantity of silver was brought 
to within 2 or 3 milligrams of the correct amount; its weight was 
then accurately determined. This silver was dissolved in 45 c.c. 
of nitric acid diluted with its own volume of water. The solution 
was effected in a 1000 c.c. Jena-glass flask fitted with a ground- 
glass stopper carrying a set of splash-bulbs, which was gently 
heated over a nichrome resistance board ; a test experiment showed 
that no silver was splashed up into the bulbs. This solution was 
diluted to 300—400 c.c., and gently boiled to expel nitrous acid; 
it was then allowed to cool, and diluted to at least 800 c.c. with 
water. 

As soon as the solution of ammonium chloride and vanadate had 
been acidified, the solution of silver nitrate was slowly added to 
it, the whole being kept in a state of gentle agitation throughout 
the process. The flask containing the silver solution was then 
thoroughly rinsed with water, and the rinsings were poured into the 
precipitation bottle. 

The estimated deficit of silver (2 or 3 milligrams) was made up 
by the addition of the required amount of a dilute standard 
solution of silver nitrate. The whole was gently shaken and 
allowed to remain with occasional gentle agitation for one or two 
days. 

One hundred c.c. of the supernatant liquid was then examined 
nephelometrically (p. 1321) to see whether the concentrations of 
silver and chlorine in it were equivalent, in which case the experi- 
ment would have been at an end. Usually it was found that the 
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concentration of the silver was too small. From the ratio of the 
concentrations and an approximate knowledge of the solubility of 
silver chloride in the supernatant liquid, the deficiency of silver 
(or chlorine) was estimated by a simple application of the principle 
of the solubility product. This deficit was then supplied by means 
of a very dilute solution of silver nitrate (or sodium chloride), the 
whole vigorously shaken, allowed to remain at least twenty-four 
hours, and the nephelometric test again made. Further addition 
of silver nitrate or sodium chloride was made if necessary, and 
in this manner the end-point in the titration was eventually 
reached. 

In each experiment the precipitation of the silver chloride was 
carried out in a room lighted only by means of a red light. Except 
when liquid was to be withdrawn, the bottle was kept in a dark 
cupboard, the temperature of which was 10°. In the later stages 
of the titrations the bottles were occasionally exposed to the light 
from an ordinary filament lamp for short periods, a procedure 
which had no deleterious effect upon the precipitate, since the 
supernatant liquids were, with one exception, yellow. In the 
analysis of fraction D2, however, the nitrous acid was not boiled 
out of the silver nitrate solution, and the liquid was accordingly 
blue owing to reduction of vanadic acid to a vanadyl salt. In 
order to maintain the atmosphere of the room free from chlorides, 
the only hydrochloric acid ever brought into it was that contained 
in the Kipp’s apparatus, which was filled outside and trapped with 
strong potassium hydroxide solution, and the analyses were con- 
ducted at a time when the contamination of the air of the adjoining 
laboratory was at a minimum. 

In the two determinations of the ratio VOCI, : 3AgCl the 
ammoniacal chloride solutions were filtered from the fragments of 
glass before they were acidified with nitric acid. The precipitation 
was conducted in a 4-litre Erlenmeyer flask fitted with a ground- 
glass stopper. The precipitates were collected on asbestos in porce- 
lain Gooch crucibles, and their weights corrected for (a) air dis- 
placed, (b) asbestos lost during filtration and washing, (c) silver 
chloride dissolved in the filtrate and washings, and in the ammonia- 
cal rinsings of the precipitation flask, and (d) water retained by the 
precipitate at 250°. The procedure described by Richards and 
Willard (J. Amer. Chem. Soc., 1910, 32, 4) in their analyses of 
lithium chloride was closely followed in these two analyses. 


Results. 


In all, nine determinations of the ratio VOC), : 3Ag and two of 
the ratio VOCI, : 2AgCl were effected. Two experiments, namely, 
those dealing with fractions C1 and D4 met with accidents, and 
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were not completed. No attempt was made to analyse fraction 
D3, since the hook snapped from the vanadyl trichloride bulb 
before the weighings were commenced.* 

For the sake of illustrating the foregoing description of the 
experimental method employed, the data relating to the analysis 
of fraction C2 are set out in detail below: 


Analysis of Fraction C2. 


(a) Weight of Vanadyl Trichloride : 

1. Bulb and stem; excess weight over tare* ...........s.eeeesees - 031145 

2. Bulb, VOCI, and stem; excess Over taLre .......cccceeseeeeeeees 4-28985 
5x MORON WOME OE VO oiccsciscsstosssscscevesnncavenaes - 397840 


*t=16-5°; p=768-0 mm. (corr.). 


3. Bulb and VOCI,; weight in air 
-°. Weight of glass bulb (1-- 3—2)............ccscccscccecseeees 
And Volume of glass of bulb (D 2-50)=0-8198 x 0-4 
= 0-328 c.c. 


4. Bulb and VOCI,; weight in water 
... Loss of weight in water (3—4) .........ccesseeseccseceees ; 
Hence, with sufficient accuracy, external volume of 
bulb=2-952 c.c., and internal volume of bulb=2-952 
— 0-328 = 2-624 c.c. 


lc.c. dry air at 16-5° and 768 mm. weighs 1-228 mg. 
.. Vacuum correction = 1-228 x 2-624 mg.=3-22 mg. 
And corrected weight of VOCI;=3-97840+0-00322 
= 3-98162 grams. 
(b) Weight of Silver : 


(i) Crucible+silver ; excess over tare 7-71486 
” only ; 9 9 ”? 0-28519 


.*. Weight of silver in air 7-42967 
Vacuum correction (7-43 x 0-117 mg.) 0-00087 


. Weight of silver in vacuum 7-43054 


(ii) Silver nitrate solution was prepared containing 0-204 mg. 
of Ag perc.c. Added 19-0 c.c.= 0-00387 


(iii) Nephelometric test on 100 c.c. liquid: 
Equiv. conc. Ag : ditto of Cl:: 95: 100. 
Hence, added 0-50 c.c. silver nitrate solution 0-00010 
Nephelometric test on 100 c.c. liquid : 
Equiv. conc. Ag: ditto of Cl:: 100: 99. 
This was accepted as the end-point. 
Volume of liquid = 2 litres; hence correction for first 
100 c.c. removed is negligible. Duration of analysis, 
seven days. 


Hence, total silver used - 


* In connexion with this bulb a curious fact, hitherto unrecorded was observed. 
It was left exposed to light in the balance case for some months and during this 
time the contents became noticeably brown. It seems possible that this change may 
be due to the decomposition of VOCI, into VOCI, and chlorine. 
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Analysis of Fraction C2 (continued). 


(c) Result : 
VOCI, : 3Ag:: 3-98162: 7-43451 
1.€.. 3: 173-328 : 323-640 (7.e., 3 x 107-880). 
Hence, molecular weight of VOCI1,= 173-328, 
And __ atomic weight of vanadium= 50-948 (Cl= 35-460) 
= 50-957 (Cl=35-457). 


In tables [ and IT the final results of all the experiments are 
tabulated. 

Dealing with the results contained in table I it will be seen 
that the nine values for the ratio VOCI, : 3Ag range from 0°53547 
to 0°53557, an extreme variation of 1 part in 5355. Two of the 
results, however, namely, Nos. 3 and 9, merit less confidence than 
the others, since they differ from the mean by 0°00006 and 0°00007 
respectively, whilst in no other case does the deviation exceed 
0°00003. Since the deviations in these two experiment are in the 


TABLE I. 


VOCI, : 3Ag. 
Atomic weight of 
vanadium. 

Fraction Weight of Sample Weight of r —— 

of VOCcl, of Ag in Cl= Cl= 
, in vacuum, silver. vacuum. VOCI,/3Ag. 35°460. 35°457. 
398162 7-43451 0-53556 50-948 50-957 
5-63804 10-52736 0-53556 50-949 50-958 
370889 6-92632 0-53548 50-922 50-931 
388228 7:24884  0-53557 50-953 50-962 
328485 6-13377  0-53554 50-941 50-950 
3-45920 6-45900 0-53556 50-950 50-959 
3-17088 5-92089 0-53554 50-942 50-951 
3-63990 6-79670 0-53554 50-942 50-951 
332354 6-20682 0-53547 50-918 50-927 


Mean - 0-53554 50-941 50-950 
Mean, rejecting 3 and 9................5+ - 0-53555 50-946 50-955 
Mean of Fraction C 0-53554 50-943 50-952 
Mean of Fraction D . 0-53553 50-939 50-948 
Mean of Fraction C, rejecting 3 0-53556 50-950 50-959 
Mean of Fraction D, rejecting 9 0-53555 50-944 50-953 
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TaBLeE II. 


VOCI, : 3AgCl. 
Atomic weight of 
vanadium. 

Fraction Weight of Weight of y a, 

Vocl, AgCl Cl= Cl= 
in vacuum. in vacuum. VOCI,/3AgCl. 35-460. 35-457. 

4-42279 10-97187 0-40310 50-962 50-968 

2-62557 6-51459 0-40303 50-931 50-936 

0-40307 50-947 50-952 
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direction to be anticipated from a consideration of the possible 
experimental errors, it seems reasonable to omit these two results 
in taking the final mean. The mean of the remaining seven values 
is 0°53555, with a probable error of only 3°3 x 10-®, the individual 
values varying from 0°53554 to 0°53557, that is, by approximately 
1 in 18,000. The probable error of the mean of all the nine values 
is 8°2x 10-6. 

The close agreement of experiments 1 and 4, in which the same 
sample of silver (II) was used, shows that the fractionation of 
fraction C of vanadyl chloride had no effect on its composition. A 
similar conclusion concerning fraction D may be inferred from the 
close agreement of experiments 5 and 8, in each of which sample 
III of silver was used. The excellent concordance of seven of the 
nine results indicates that the three samples of silver were of the 
same degree of purity, and hence justifies the conclusion that 
fractions C and D of vanadyl chloride were essentially identical in 
composition. It is therefore reasonably certain that the vanadyl 
chloride analysed must have been free from any significant amount 
of impurity. 

The possible sources of error in the determination of the ratio 
VOCI, : 3Ag are as follows: (1) presence of chloride in the 
reagents used (water, ammonia, nitric acid), and in the atmosphere ; 
(2) mechanical loss of silver nitrate when transferring the solution 
to the precipitation bottle; (3) impurity in the silver used; 
(4) occlusion of soluble chloride by the precipitated silver chloride ; 
(5) co-precipitation of silver vanadate with the silver chloride. The 
atomic weight deduced would be greater than the true value, owing 
to error (4) and less owing to errors (1), (2), (3), and (5). The 
error due to (1) may doubtless be neglected in view of the extreme 
care taken in testing the reagents, and in maintaining the air of 
the laboratory free from hydrochloric acid. That due to (2) 
cannot very well be estimated. The transference of the silver 
nitrate solution was effected with great care, and im no case was 
there any suspicion of loss at the time of transference. The error 
due to (3) must be very small, and the uncertainty it introduces 
into the atomic weight of vanadium is certainly less than 1 unit 
in the second decimal. That due to (4) can only be at the maxi- 
mum 1 part in 35,000, if it is legitimate to compare the analyses 
recorded in table I with Baxter and Moore’s analyses of phosphorus 
trichloride (J. Amer. Chem. Svc., 1912, 34, 1644). The actual 
error introduced, however, can only be a fraction of this maximum 
value since in seven of the nine titrations the end-point was only 
reached after the lapse of a fortnight or more, and, according to 
the experiments of Baxter and Moore, end-points so determined 
very seldom alter on further keeping. Moreover, the ratio 
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VOCI, : 3Ag was found to be practically independent of the final 
volume of the mixed solutions, which, for example, amounted to 
4 litres in experiment 5 and 2 litres in experiment 8. The error 
due to (5) must also have been extremely small. In only one 
experiment was the silver chloride obviously contaminated with 
silver vanadate. This was due to an oversight, the silver nitrate 
solution not having been acidified sufficiently with nitric acid, and 
the experiment (on fraction C1) was rejected. That the precipi- 
tated silver chloride cannot have been contaminated with any 
noteworthy quantity of impurity is indicated by the fact that in 
the two gravimetric experiments given in table II the silver 
chloride fused to an almost perfectly colourless liquid. 

The two determinations of the ratio VOCI, : 3AgCl call for little 
comment. They were carried out to afford a check on the gravi- 
volumetric results, in comparison with which they carry little 
weight. The two experiments are, however, fairly closely concor- 
dant, and the mean result is in excellent agreement with the 
average result of the other series of experiments, an indication of 
the substantial accuracy of the analytical work. 

In seeking to deduce the most probable value for the atomic 
weight of vanadium from the preceding results it is necessary 
(1) to bear in mind that the value deduced from the experiments . 
is most likely to err by being a trifle low, and (2) to consider the 
degree of accuracy of the antecedent data, namely, the atomic 
weights of silver and chlorine. The latter are given in the Inter- 
national Table as 107°88 and 35°46 respectively, but it is very 
probable that the numbers 107°880 and 35°457, determined by 
Richards aud his co-workers, represent more closely the ratio of 
these two atomic weights, whilst a number of recent investigations 
lead to the conclusion that the value 107°88 for silver is to be 
regarded as a maximum. 

The use of the latter pair of values leads to an atomic weight 
of vanadium 0°009 or 0°006 in excess of that given by the former 
pair according as the ratio VOCI,: 3Ag or VOCI,: 3AgCl is 
considered. 

Accordiug to the value adopted for the atomic weight of chlorine, 
the seven closely concordant titrations given in table I lead to the 
value 50°95 or 50°96 for the atomic weight of vanadium; the two 
gravimetric results given in table II lead in each case to the 
rounded off value 50°95. The final result of this investigation 
may therefore be summed up by stating that the atomic weight of 
vanadium lies between 50°95 and 50°96. The experimental results 
do not enable a definite decision to be made between these two 
values; the higher one is perhaps to be preferred. 
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This result is in remarkably close agreement with that arrived 
at by McAdam by the use of a totally different method, and is 
therefore entitled to be regarded as extremely probable. It is, 
however, decidedly lower than the results derived from former 
researches, in which the analytical methods involved were in prin- 
ciple the same as those here described. That there is no inherent 
improbability attaching to such a low result is readily seen when 
the extreme values obtained by different experimenters are com- 
pared (Cl=35°457): 

Atomic weight 

Experimenter. Method. of vanaduim. 
Roscoe Volumetric and gravimetric ....... 50-38 to 52-33 


Prandtl and Bleyer. Gravimetric 50-87 to 51-21 
Briscoe and Little. Volumetric and gravimetric 50-93 to 50-97 
Further, it is of interest to note that the extreme values obtained 
in this investigation differ but slightly from those obtained by 
McAdam (Cl=35°457): 
McAdam, V lies between 50-94 and 50-99 
Briscoe and Little V lies between 50-93 and 50-97 
and that of the eleven values obtained in the course of this work 
seven lie between the limits 50°950 and 50°962. 
The experiments described in this paper, together with those 


of McAdam, lead to the value 50°96 for the atomic weight of 
vanadium. To this there appears to be but one objection, namely, 
the fact that the oxide method has so far yielded a much higher 
result, but the comparatively small significance attaching to this 
high result has, however, been already indicated. A re-investigation 


of the ratio V,0; : V.O, is nevertheless desirable. In any such 
work it would be of interest to determine not only the loss in weight 
attending the conversion of V,O; to V,O3, but also the weight of 


water produced in the reaction. 


The authors desire to express their hearty thanks to Prof. H. 
Brereton Baker for the kindly interest he has taken in the investi- 
gation, and for the numerous facilities he has afforded them 
throughout its progress. 
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CX XIII.—Researches on Santalin. Part II. 


By Joun Canneti Cain, Joun Lionet Simonsen, and 
CLARENCE SMITH. 


In continuing the investigation of the constitution of santalin 
(Cain and Simonsen, T., 1912, 101, 1061), several new facts 
indicate that the simple formula previously assigned to santalin, 
namely, C,;H,,0;, should be doubled. In the first place, we have 
made new determinations of the molecular weight by Barger’s 
method, and find that diacetylsantalin, and the mono- and di- 
methyl ethers, all give values pointing to double the molecular 
weight previously obtained by the cryoscopic method in phenol,* 
and hence to the formula C,)H,,0,, for santalin itself. 

Secondly, it was shown previously (/oc. cit.) that santalin 
dimethyl ether, when oxidised with potassium permanganate, gives 
a mixture of anisic and veratric acids, but the remarkable fact 
has now been established that the carefully purified monomethyl 
ether also yields these acids on oxidation. Further, the oxidation 
of nitrosantalin dimethyl ether yields four different acids, namely, 
anisic acid, 4-nitro-2: 3-dimethoxybenzoic acid, and two other acids, 
which were produced in amount too small for identification. 

The production of anisic and veratric acids by the oxidation of 
santalin dimethyl ether, as described in the former paper (loc. ctt.), 
led to the suggestion, by Prof. Grandmougin, that santalin might 
be a derivative of anthracene, and Prof. Grandmougin has kindly 
informed us that he has obtained anthracene from it by zinc-dust 
distillation. We have also carried out some experiments in this 
direction, but have not been able to identify anthracene with 
certainty in the products, one experiment yielding, however, a trace 
of a substance the odour of which resembled that of anthracene. 

If, now, we attempt to construct a skeleton formula for santalin 
based on the latter fact, we arrive at the expression 


V 

C OMe 
(YY Nome: 
AY 


A 


for the dimethyl ether, and if the oxidation of the latter pro- 


MeV 


* This result has since been confirmed. 
t Pending the final decision as to the constitution of santalin we have retained 
the nomenclature of the previous paper (Joc. cit.) in order to avoid confusion. 
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ceeded as indicated by the dotted line, this would account for the 
production of anisic and veratric acids. 

This expression, it will be seen, is the skeleton formula of a 
derivative of flavopurpurin (1: 2: 6-trihydroxyanthraquinone), and 
many experiments were made, both with this compound (and also 
with anthtapurpurin, the 1: 2: 7-trihydroxy-derivative) and with 
santalin, with the object of converting one into the other, but 
without success. 

From the results of molecular-weight determinations, and the 
oxidation of santalin monomethyl ether and of nitrosantalin 
dimethyl ether, we are inclined to the opinion that the skeleton 
formula of santalin may be that of a dianthracene derivative, 
thus: 


C A 
OH<G>OH, OH <> CoH 
| 


and that the monomethyl ether, which yields anisic and veratric 
acids on oxidation, has an unsymmetrical formula in which the two 
hydroxyl and four methoxyl groups are distributed in the four 
benzene rings, thus: 


OMe OMe 
A\4 HO, \% A\/ Meo’ \% 


! | | R 
sein ee | NT \Y/\ 


It should be pointed out, however, that in the above skeleton 
formule it is difficult to account for the remaining hydrogen atoms, 
and the elucidation of this and other points must be postponed 
for the present. 

We have added to the list of derivatives of santalin (loc. cit.) 
by the preparation of nitrosantalin monomethyl ether and of 
ethylcarbonatosantalin, CsgH .0,)(CO,Et),; the latter substance 
resembles santalin monomethyl ether in that the hydroxyl group 
adjacent to the methyl or ethylearbonato-group cannot be 
methylated. 

EXPERIMENTAL. 


Molecular Weight Determinations. 


The molecular weights of diacetylsantalin, santalin dimethy! 
ether, and santalin monomethyl ether have been determined by the 
Barger method, using pyridine as the solvent and benzil as the 
standard, when the following results were obtained: 

Diacetylsantalin: Found, M.W.=720, 762°5. CsgH,0,, requires 
M.W.=716. 

Santalin dimethyl ether: Found, M.W.=636, 662. C5,H»5¢0, 
requires M.W. = 604. 
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Santalin monomethyl ether: Found, M.W.=541°4, 579°9. 
C,,H3.0,) requires M.W.=576. 

There appears to be little doubt, therefore, that santalin has 
double the molecular weight that we originally gave it, and has 
the formula Cy 9H>.049.* 


Ethylearbonatosantalin, Cgg7Hog0j9(CO,Et)>. 


A solution of 2°3 grams of santalin in 17 c.c. of NV-potassium 
hydroxide (2 mols.) was cooled in ice and treated slowly, and with 
frequent shaking, with 1°8 grams (2 mols.) of ethyl chloroformate. 
After being kept, with occasional shaking, for two hours in the 
mother liquor, the precipitate was collected, washed with water, 
and dried. The black cake thus obtained was powdered and dis- 
solved in 25 c.c. of ethyl benzoate at 80°. By adding the solution 
to 125 c.c. of benzene, a reddish-brown precipitate was obtained, 
which, after being twice purified by solution in ethyl benzoate and 
precipitation with benzene, was washed with benzene until free 
from ethyl benzoate, and dried at 120°. The yield was 1°75 grams: 

0°2470 gave 0°5683 CO, and 0°1123 H,O. C=62°75; H=5°05. 

02178 ,, 04962 CO, ,, 0°0956 HO. C=62:13; H=4°9. 

Czg,H 3,01, requires C=62°4; H=5'2 per cent. 

Ethylearbonatosantalin is a reddish-brown powder, which decom- 
poses without melting, and is insoluble, or very sparingly soluble, 
in the usual solvents; it dissolves readily in ethyl benzoate. It is 
insoluble in dilute potassium hydroxide at the ordinary tempera- 
ture, but after some time, more rapidly on warming, it is hydro- 
lysed, with the production of the violet-red, alkaline solution of 
santalin. 

This compound is not acted on by diazomethane, and in this 
respect resembles santalin monomethyl ether (see below) in that the 
latter cannot be further methylated. 


Santalin Monomethyl Ether, CygHoy04(OMe),. 


As has already been mentioned (loc. cit., p. 1069), when santalin 
is methylated, a substance melting at 248—250° is obtained, and 
it was suggested that this might be santalin monomethyl ether. 
The following analyses indicate that this view is apparently correct ; 


* Prof. Barger was kind enough to attempt the determination of the molecular 
weight of santalin for us, but found it impracticable as the solution became colloidal. 
It should be noted, however, that the molecular weight corresponding with the 
formula C,;H,,0; (274) is obtained by the cryoscopic method in phenol. A 
determination by one of us(C.S.) (Found, M.W.=268) confirms that previously 
obtained by Mr. P. May (Joc. cit., p. 1065). 
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in spite, however, of numerous attempts, we have been unable to 
convert the monomethyl ether into the dimethyl ether. Nor have 
we been able in any way to prove the presence in it of a free 
hydroxyl group. It is insoluble in alkalis, and is not acted on by 
any of the usual hydroxyl reagents: 


0°1362 gave 0°3334 CO, and 0°0685 H,O. C=66'8; H=5'6. 
0°1796 ,, 0°2869 AgIl. OMe=21'1. 
Cy.H.0,) requires C=66°6; H=5°5; OMe=21'5 per cent. 


When santalin monomethy] ether is oxidised in alkaline solution 
with potassium permanganate, it yields a mixture of anisic and 
veratric acids. When boiled with acetic anhydride containing a 
trace of pyridine, it is quite unchanged. (Found, C=67°0; 
H=5'2; OMe=21'6.) 

When it is treated with zinc dust and acetic anhydride it under- 
goes a change, which we are at present unable to explain. In one 
experiment santalin monomethyl ether (0°7 gram) was mixed with 
zinc dust (1°5 grams), sodium acetate (0°7 gram), and acetic 
anhydride (10 c.c.), and the mixture heated on the sand-bath for 
one hour. he colour gradually became lighter, and on pouring 
into water a pale brown, amorphous solid separated. This was 
purified by repeated precipitation from ethyl acetate with light 
petroleum, when it was obtained as a pale brown solid, which 
sintered at 223° and melted at 235—-237°. It was readily soluble 
in acetone, nitrobenzene, or pyridine, and more sparingly so in 
amyl alcohol. Its solution in ethyl acetate was strongly fluorescent. 
Two different specimens were analysed : 

0°1227 gave 0°3065 CO, and 0°061 H,O. C=67°9; H=5'5. 

01104 ,, 0°2737 CO, ,, 0°0555 H,O. C=67°6; H=5°6. 

0°2395 ,, 0°4554 AgIl. OMe=25'l. 

0°1898 ,, 03737 AgIl. OMe=26°0 per cent. 


" When this substance is boiled with alcoholic potassium hydroxide 

it undergoes some deep-seated change, since a red powder is 
obtained which is insoluble in all ordinary solvents, and does not 
melt at 290°. 


Reducing Acetylation of Santalin Dimethyl Ether. 


Santalin dimethyl ether was reduced under the conditions 
described in the reducing acetylation of santalin monomethy] ether. 
In this way an amorphous, pale brown substance was obtained, 
which was purified by means of alcohol. It sinters at 186° and 
melts at 192°, turning black. Three different specimens were 
analysed : 
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0°1157 gave 0°2833 CO, and 0°0607 H,O. C=66'8; H=5'8. 
071162 ,, .0°2819 CO, ,, 0°0609 H,O. C=661; H=5'8. 
01295 ,, 03168 CO, ,, 0°0728 H,O. C=667; H=6:2. 
Found, OAc=6'3. 
C,H 309°O-CO-CH, requires C=66'1; H=5°6; OAc=6'7 per cent. 
This substance appears to be santalin dimethyl ether, in which 
one ketonic group has been reduced and acetylated. 


Nitrosantalin. 


Many attempts were made to purify nitrosantalin obtained by 
the hydrolysis of nitrodiacetylsantalin, but without success. It has 
so far only been obtained as an amorphous, brown solid, readily 
soluble in alcohol, sparingly so in ethyl acetate, and insoluble in 
benzene. It appears to undergo decomposition on attempting to 
purify it. 

Experiments were also made with the object of improving the 
yields obtained in methylating nitrosantalin. It is curious that 
nitrosantalin is methylated only with extreme difficulty. A 
methoxyl determination in _ nitrosantalin dimethyl -ether, 
C.,H,,0,N,(OMe),, has been made: 

0°2676 gave 0°4433 Ag]. OMe=22°8. 

Cy,H3,0,,N, requires OMe=26'8 per cent. 


Nitrosantalin Monomethyl Ether, CosH,g0,N,(OMe),. 


This substance was purified by repeated precipitation from 
acetic acid by water. It is an amorphous, brown powder, which 
does not melt at 300°. It is soluble in alkalis, but insoluble in 
sodium acetate, and it is improbable that it is an acid: 

0°1369 gave 6°9 c.c. N, at 32° and 757 mm. N=5-4. 

0°2776 ,, 04133 AgIl. OMe=19°6. 

Cy.H0,.N, requires N=4°4; OMe=19°6 per cent. 


Oxidation of Nitrosantalin Dimethyl Ether. 


We have already described (loc. cit., p. 1073) some preliminary 
experiments on the oxidation of nitrosantalin dimethyl ether. 
The investigation of the products of the oxidation has proved a 
matter of great difficulty, since apparently at least four acids are 
formed, the separation of which was rendered more laborious by 
the paucity of the yield. 

Nitrosantalin dimethyl ether (10 grams) was oxidised with a 
5 per cent. solution of potassium permanganate, as previously 
described (approximately 1150 c.c. were required). The viscid, 
yellow oil (2 grams) ultimately obtained was ground with a mixture 
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of benzene and ethyl acetate, when a solid separated, and was 
collected (A). The filtrate, after removal of the solvents, was 
esterified in the usual manner with ethyl alcohol and sulphuric 
acid, the resulting ester fractionated under diminished pressure 
(10 mm.), and the following fractions were collected: (1) up to 
200°; (2) 200—220°; (3) 220—240°. 

Each of these fractions and the solid A were subjected to a 
careful examination. 

Solid A.—This acid was readily obtained in a pure state by 
crystallisation from ethyl acetate, in which it was not very readily 
soluble, and separated in colourless, glistening crystals, which 
under the microscope were seen to consist of prisms sometimes 
radiating from a centre. It melted at 215—216°: 


0°1064 gave 0°1853 CO, and 0°0436 H,O. C=475; H=4'5.* 

01073 ,, 0°2617 AgIl. OMe=28°2. 

C,H,0,N(OMe), requires C=47°6; H=3°9; OMe=28'2 per cent. 

The silver salt, prepared in the usual manner, was obtained as a 
caseous, white precipitate : 

0°198 gave 0°0631 Ag. Ag=31°9. 

C,H,O,NAg requires Ag=32°3 per cent. 

This acid is apparently 4-nitro-2: 3-dimethoxrybenzoic acid (the 
5-nitro-acid melts at 174—175°, and the 6-nitro-acid at 185°; com- 
pare Cain and Simonsen, this vol., p. 156). It is only very 
sparingly soluble in hot water. 

The ethyl ester of 4-nitro-2: 3-dimethoxybenzoic acid was pre- 
pared from the silver salt’ by treatment with ethyl iodide in the 
usual manner. It crystallises from alcohol in fine needles, melting 
at 142—143°: 

0°1141 gave 0°2155 CO, and 0°053 H,O. C=51'5; H=5-2. 

C,,H,,0,N requires C=51°8; H=5'l per cent. 

This ester is identical with the ester previously described (loc. 
cit., p. 1074). 

The ester fraction boiling up to 200° was hydrolysed, and found 
to consist of ethyl anisate, since the acid melted at 183°, and this 
melting point was not altered when the substance was mixed with 
anisic acid obtained from another source. 

The second fraction of the ester (200—220°) showed no signs of 
solidifying, and was hydrolysed, when a semi-solid acid was 
obtained. This was drained on porous porcelain, and repeatedly 
crystallised from water, when an acid was isolated in an apparently 
pure state. It softened at 165°, and melted at 173°, crystallising 
in pale yellow needles: 


* A second analysis gave C=47°4; H=4°3. 
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0°0566 gave 0°0821 CO, and 0°0226 H,O. C=44:2; H=5°0. 
C,H,O,N,H,O requires C=44:1; H=4°5 per cent. 

Owing to the very small amount of this acid which was obtained, 
we are unable to suggest a constitution for it. 

The third fraction of the ester (220—-240°) partly solidified on 
keeping. The solid was collected, and melted at about 140°, and 
was evidently ethyl 4-nitro-2: 3-dimethoxybenzoate (see above). 
The hydrolysis of this ester was found to lead to a mixture of 
acids, and it was only after a long series of fractional crystallisa- 
tions from hot water that it was ultimately separated into two 
main fractions, a sparingly soluble fraction melting at 212°, and 
a more readily soluble fraction melting at 186—187°. 

The acid melting at 212° was 4-nitro-2 : 3-dimethoxybenzoic acid, 
described above. 

The acid melting at 186—187° separated from water, in which 
it was somewhat readily soluble, in leaflets, which melted at the 
temperature stated above. On analysis it gave figures which show 
that it was, in all probability, 4-nttro-3-hydrory-2-methoxybenzoic 
acid, a methoxy-group having undergone hydrolysis (compare 
Klemenc, Monatsh., 1912, 38, 375, who showed that methyl 
5: 6-dinitroveratrate, when hydrolysed, yields 5: 6-dinitrovanillic 
acid) : 

0°1007 gave 0°154 CO, and 0°0337 H,O. C=44°8; H=3°7. 

C,H,O,N requires C=45°1; H=3°3 per cent. 

The silver salt of this acid was prepared in the usual manner, 
and separates as an orange precipitate; the figures obtained on 
analysis indicate that it was the nearly pure di-silver salt: 

0°0613 gave 0°03 Ag. Ag=48°9. 

C,H,O,NAg, requires Ag =50°4 per cent. 

The filtrate from the solid ester was hydrolysed, and gave a 
small quantity of an acid, crystallising in needles and melting at 
203—205°. Only 0°05 gram of this acid was isolated from 
40 grams of nitrosantalin dimethyl ether, so that it was not possible 
to examine it further. 


Distillation of Santalin with Zine Dust. 


Several experiments have been made with the object of ascertain- 
ing the nature of the parent hydrocarbon of santalin by means of 
distillation with zinc dust in an atmosphere of hydrogen. Before 
distillation, the santalin was heated: (a) with hydriodic acid; 
(5) with hydrochloric acid (D 1°03) in a sealed tube at 180—190° 
for four hours; and (c) with three parts of aluminium chloride at 
250° for one and a-half hours. Only in one experiment was a very 
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small amount of a substance, having an odour resembling that of 
anthracene, obtained, but the amount was too minute to allow of 
identification. In blank experiments, 0°9 gram of anthracene was 
recovered from 1 gram of anthracene, and 0°2 gram was obtained 
from 1 gram of alizarin. 

That santalin yields, however, anthracene has been proved by 
Prof. Grandmougin, who was kind enough to inform us that he 
identified the product of his experiment as anthracene, as such, 
and also by its conversion into anthraquinone. 

It was suggested to us by Prof. Grandmougin, to whom we owe 
our best thanks, that santalin might be a reduced derivative of 
anthrapurpurin or flavopurpurin. Oxidation of diacetylsantalin 
with chromic acid, followed by hydrolysis and demethylation, how- 
ever, gave no product that could be recognised as either of these 
colouring matters. On the other hand, reduction of both anthra- 
purpurin and flavopurpurin with sodium hyposulphite (compare 
Grandmougin, Rev. gen. mat. col., 1908, 12, 44), and subsequent 
methylation, gave nothing that could be identified as santalin 
dimethyl ether, and these unsuccessful experiments would seem 
to confirm our suggestion (see introduction) that santalin may be 
a derivative of dianthracene. . 


In conclusion, we desire to express our thanks to the Research 
Fund Committee of the Chemical Society for a grant which partly 
defrayed the cost of the above investigation. 


24, AYLESTONE AVENUE, PRESIDENCY CoLLEGE, EAst LONDON COLLEGE, 
BrRonpEsBuRY Park, N.W. MADRAS. E. 


CXXIV.—The Constitution of Camphene. Part I. 
Experiments on the Synthesis of Several 
Degradation Products of Camphene. 

By Water Norman Hawortn and ALBEert THEODORE KING. 

GENERAL acceptance of Wagner’s formula for camphene, 

CH,-CH—CMe, 
cu, | ° 
CH,-CH—C:CH, 

can no longer be deferred after the recent syntheses of camphenic 

acid and camphenilone, which are the two most important oxida- 
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tion products of this interesting terpene (Lipp, Ber., 1914, 47, 
871; Komppa, ibid., 934, footnote); and these results finally dis- 
pose of Semmler’s formula, despite the close similarity of camphene 
to bornylene in some of its reactions. Attention may here be 
directed to the fact that the experiments of these two authors, 
combined with other recorded information, constitute a complete 
synthesis of camphene, since methylcamphenilol, which itself gives 
rise to camphene on dehydration, is derived from camphenilone by 
the Grignard reaction (Moycho and Zienkowski, Annalen, 1905, 
340, 58; Ber., 1905, 38, 2461), and this last substance has now 
been prepared by Komppa from camphenic acid, the synthesis of 
which has, in turn, been accomplished by Lipp. 

In Part I of this communication (T., 1912, 101, 1975) the pre- 
sent authors summarised the existing evidence in favour of 
Wagner’s formula, and signified their intention of confirming this 
constitution by synthetic experiments on the two degradation pro- 
ducts named above. Concurrently with other important work, 
these experiments have been conducted during the past two years, 
but owing to the independent and simultaneous investigations 
which have now been published (loc. cit.), our experiments have 
had to be abandoned. By an extraordinary coincidence, the 
materials and experimental methods employed by Lipp in the 
synthesis of camphenic acid are identical in every respect with 
our own, and, indeed, much of the work now published by him 
had also been done independently by one of us, and would shortly 
have been issued had not Lipp gained priority by his recent 
publication.* 

In bringing to a conclusion our work on this subject, it was con- 
sidered advisable to present an account of that part of our in- 
vestigations which is not already covered by Lipp’s memoir, and, 
whilst incidental to the main object of the research, may yet have 
an interest of its own, apart from its more immediate aim. 

In Part I of this paper a synthesis was described of a lactonic 
acid (I), the constitution of which was identical with that originally 
ascribed by Aschan to a degradation product of camphenic acid. 
We were able to show that Aschan was mistaken in adopting this 
view, and the desirability of preparing a similar isomeric lactonic 
acid (II) was suggested : 

PH s:C(00,H)(OMe,"00,H).. CH,°C(CO,H)(CH,°C¢ Ho 

CH, -—-CO Me, CO 

(I. (TI.) 


* More than a year ago a memorandum in application for a research grant was 
laid before the Carnegie Trust embodying a scheme, identical with that now 
realised experimentally, for the proposed synthesis of camphenic acid. 
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The synthesis of the lactonic acid already described was accom- 
plished by condensing ethyl a-ketoglutarate with ethyl a-bromo- 
isobutyrate in the presence of zinc, and in the present synthesis 
an attempt was made to prepare ethyl a-keto-a/a/-dimethylglutarate, 
and condense this similarly with ethyl bromoacetate: 


CH,:CO-CO,Et 
[2 : H,Br-CO,Et —> 
——_— oe 
OH,-C(OH)(CO,Et)-CH,-CO,Et 
‘iy ; —> I. 
CMe,*CO,Et 
(1I1.) (IV.) 


Difficulty was encountered in obtaining the initial ketonic ester 
(III) required in this scheme of synthesis, although many varia- 
tions of the method which was found successful in the case of the 
unsubstituted ethyl ketoglutarate were employed. 

When the ester of as-dimethylsuccinic acid was condensed with 
ethyl oxalate in the presence of sodium or potassium ethoxide, a 
large proportion of the ethyl dimethylsuccinate was recovered un- 
changed, a circumstance which is doubtless traceable to steric 
hindrance. Partial condensation does, however, occur, and three 
products have been isolated. The normal product has the formula 

CO, Et-CH-CO-CO, Et 
CMe,°CO,Et ’ 
(V.) 
and distils at 212°/50 mm. The other two products are crystal- 
line, and are obviously formed from the normal one by hydrolysis 
of two carbethoxy-groups owing to the energetic action of potassium 
or sodium ethoxide, the third ester grouping being exceptionally 
stable by reason of its attachment to a gem-dimethyl grouping, 
which inhibits or retards the hydrolysis. Also, as one of the readily 
hydrolysable carbethoxy-groups is situated as in a B-ketonic ester, 
carbonic acid is easily eliminated. We should therefore expect the 
following acid-esters to be formed if hydrolytic action proceeded in 
the manner suggested : 


CO,H-CH-CO-CO,H CH,°CO-CO,H 
CMe,°CO,Et CMe,"CO,Et 
(VI.) (VIT.) 


The actual products isolated, in addition to the normal ester (V) 
mentioned above, were a yellow, crystalline compound (m. p. 101°) 
and a colourless, crystalline substance (m. p. 115°). The former 
gave figures on titration which accorded with the formula (VI), 
and the latter was in agreement with formula (VII), and both 
gave a deep red coloration with ferric chloride. The former was 
pale yellow when freshly recrystallised, but on keeping in the air 
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it became deep yellow, and stained the fingers in a remarkable 
manner. The analyticai figures indicated, however, that these 
two compounds had not the simple formule represented above, 
but corresponded with half a molecule of water less in each case. 
From a further study of their properties, it seems conceivable that 
two molecules, represented by the formula (VI), have condensed in 
their enolic form with loss of one molecule of water, giving a semi- 
lactide, which is easily hydrolysed back to the simpler molecule on 
titration with alkali; and similarly with the compound (VII): 


CO, H-C:C(OH)-CO-0-C(CO,H):0-CO, H 


H — 
CMe,*CO,Et Me,-co,e. * #29 
(VIII.) 
» mole, CO2H*GH0000,H 
——— CMe,*CO,Et 
(VI.) 
CH,*CO-CO-0-C(CO,H):CH iets ohh 
CMe,*CO, Et CMe,*CO,Et ~ ? 
(IX.) 
CH,*CO-CO,H 
2 mols, | 
CMe,*CO,Et 
(VII.) 


Both these substances yield semicarbazones and react with 
phenylhydrazine, and they also possess other interesting properties. 

It is significant that ethyl monomethylsuccinate condenses readily 
with ethyl oxalate under the above conditions, giving rise to the 
normal product only. 

The synthesis of the lactonic acid (II) by the above method 
seemed out of the question, owing to the small yield of the initial 
product (V), and hence the following scheme was devised and 
ultimately carried out. 

The semi-acid chloride of ethyl as-dimethylsuccinate (X) con- 
denses readily with ethyl sodiomalonate, yielding ethyl aa-dimethyl- 
butan-y-one-ad8-tricarboxylate (XI), and when this product is 
further condensed with ethyl chloroformate in the presence of zinc, 
the compound (XII) is obtained in small yield. Hydrolysis of this 
tetrabasic ester gave a small quantity of the corresponding lactonic 
acid (II), which has, up to the present, not been obtained crystal- 
line. Its solubilities and otlier properties indicate that it cannot 
be identical with the lactonic acid obtained by Aschan from de- 
hydrocamphenic acid, and, moreover, the identity of Aschan’s 
acid has now been established, since it; has been shown to be the 
lactone of hydroxyisocamphoronic acid : 


{ 
| 
a 
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CH,°COCI CH,°CO*CH(CO,Et), 
I => 
CMe,°CO, Et CMe,*CO,Et 
(X.) (XI.) 
CH,*C(OH)(CO,Et)-CH(CO,Et), ‘ae ew ae ribs te 
CMe,°CO,Et CMe, CO 
(XII) (II.) 
An improved method for the preparation of butane af6-tri- 
carboxylic acid, which was first obtained by Kay and Perkin (T., 
1906, 89, 1642), is also described in the experimental part. This 
alternative process consists in condensing ethyl a-bromoglutarate 
with ethyl sodiomalonate and hydrolysing the product. 


ExPERIMENTAL. 


Condensation of Ethyl as-Dimethylsuccinate with Ethyl Ozxalate. 
Formation of Ethyl Ovxalyl-as-dimethylsuccinate and other 


Products. 


Equimolecular quantities of ethyl as-dimethylsuccinate and ethyl 
oxalate were mixed together in dry ether in the presence of one 
molecular proportion of potassium ethoxide, and under conditions 
identical with those employed by Wislicenus and Waldmiiller for 
the preparation of ethyl oxalylsuccinate (Ber., 1911, 44, 1564). 
Instead of the copious separation of the potassio-oxalylsuccinate 
which occurs in the latter condensation, only a small amount of 
solid separated, this being somewhat increased in quantity by the 
addition of more ether. On collecting and decomposing this 
yellowish-brown solid (A) with dilute sulphuric acid in the presence 
of ether, a yellow, ethereal solution was obtained, and on re- 
moval of the ether and cooling, a moist, yellow residue remained, 
which was found to be a mixture of two substances. One of these 
is easily extracted with light petroleum, in which it is readily 
soluble, and from which it crystallises, on cooling, as a colourless 
substance melting at 115°. The other constituent is less readily 
soluble in light petroleum alone, although it easily dissolves when 
a few drops of ethyl acetate are added, and from this mixture of 
solvents the substance is obtained in almost colourless needles, which 
rapidly change to a pronounced yellow on exposure to moist air. 
This compound melts at 101°, and exists normally as yellow, silky 
needles, which, like phthalic anhydride, are very tough, and may 
be ground up with difficulty to an almost colourless powder. It is 
soluble in benzene or alcohol, giving a yellow solution, which 
assumes a deep red colour on the addition of ferric chloride; in 
cold water it dissolves only sparingly, but it is readily soluble in 
sodium carbonate, yielding an orange solution very similar to 
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potassium dichromate solution, and decolorises permanganate 
instantly ; it is also unsaturated towards bromine. 

It was found possible to titrate this substance by adding, first, 
an excess of sodium hydroxide, and then titrating with sulphuric 
acid until neutral. In this way it was found that: 

00844 gram required 0°696 c.c. of W-NaOH, whence 

equivalent=121°3. 

This result agrees with that required for a dibasic acid, C,)H,,0,, 
and it was at first thought that it had the formula (VI) mentioned 
in the theoretical part (p. 1344), but the combustion figures indicate 
that the substance must be composed of two molecules of the 
dibasic acid less one molecule of water, so that during the titra- 
tion this complex condensed molecule probably undergoes scission, 
and is converted into the above dibasic acid by addition of water: 

0°1036 gave 071910 CO, and 0°0526 H,O. C=50°26; H=5°64. 

CoH 0,3 requires C=50°6; H=5°5 per cent. 

The colourless compound (m. p. 115°) mentioned above gave the 
following figures on analysis, which would seem to indicate that 
some slight impurity was present, possibly a trace of the yellow 
compound : 

0°1102 gave 0°2233 CO, and 0°0610 H,O. C=55°3; H=6°2. 

C,H g0, requires C=56°0; H=6'7 per cent. 

It is best recrystallised from hot water, and after this purifica- 
tion it gave the following result on titration: 

0°1352 gram required 0°0259 gram of NaOH for neutralisa- 

tion, whence equivalent is 209; and assuming that the semi- 
lactide, C,gH»,0,, hydrolyses to two simple molecules, 
C,H,,0;, the theoretical value for the equivalent is 202. 

The substance readily dissolves in alcohol, and if ferric chloride 
is added to this solution, a crimson coloration is produced. 

The semicarbazone was prepared, and this derivative contains 
the semilactide grouping, as is evident from the following analysis: 

0°0518 gave 0°0972 CO, and 0°0317 H,O. C=512; H=68. 

CigH gO Ng requires C=51°5; H=6'6 per cent. 


Isolation of the Normal Condensation Product. 


In order to ascertain if the potassium derivative of ethyl oxalyl- 
as-dimethylsuccinate (V) had been formed, but had remained in 
solution, the filtrate from the solid product (A) was acidified with 
dilute sulphuric acid, the ethereal extract dried, and, after removal 
of the ether, distilled under diminished pressure, when the bulk of 
the ethyl dimethylsuccinate was recovered unchanged. A quantity 
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of material of high boiling point also distilled over, with slight 
decomposition, at about 212°/50 mm., and this did not solidify on 
cooling or on nucleating with the yellow, crystalline substance 
described above. The colourless oil gave a deep red coloration with 
ferric chloride: 

0°1225 gave 0°2476 CO, and 0°0783 H,O. C=55:1; H=7'1. 

C,,H.O0, requires C=55°6; H=7°3 per cent. 

Hydrolysis.—Several attempts were made to hydrolyse the above 
tribasic ester under such conditions as would lead to a-keto-a’a’- 
dimethylglutaric acid, but the presence of the gem-dimethyl group 
in the molecule retards the rate of hydrolysis to such an extent 
that dilute mineral acids are ineffectual, whilst more concentrated 
acids convert the greater proportion of the substance into dimethyl- 
succinic acid. 


Condensation of Ethyl Monomethylsuccinate with Ethyl Oxalate. 
Formation of Ethyl Oxalylmonomethylsuccinate. 


Owing to the somewhat anomalous results obtained with ethyl 
dimethylsuccinate, it seemed of interest to examine the behaviour 
of ethyl monomethylsuccinate and ethyl oxalate under similar con- 
ditions. With this intent, 23°3 grams of ethyl oxalate were added 
to a solution of potassium ethoxide containing 6°2 grams of 
potassium in 20 grams of absolute ethyl alcohol diluted with 75 c.c. 
of ether, followed by 30 grams of ethyl monomethylsuccinate after 
an interval of five minutes. No separation of solid occurred, even 
after twenty-four hours, and the addition of ether gave no appreci- 
able precipitate. On extracting with water, the ethereal layer 
yielded only about 3 grams of unchanged esters, whilst the aqueous 
portion, on acidifying and extracting with ether, yielded a large 
quantity of a viscid, yellow liquid, smelling like a vegetable oil, 
which distilled readily without decomposition at 155°/0°6 mm. : 

0°0948 gave 0°0616 H.O and 0°1870 CO,. C=53°8; H=7°2. 

C,,;H 0; requires C=54'1; H=6°9 per cent. 

The above condensation product gave a deep coloration with 
ferric chloride, and there can be no doubt that the reaction had 
proceeded in this case in a normal manner, with the formation of 
ethyl oxalylmonomethylsuccinate. The products obtained on 
hydrolysis of this substance were not investigated. 


Preparation of Ethyl aa-Dimethylbutan-y-one-ad8-tricarboxylate, 
CO,Et*CMe,*CH,:CO:CH(CO,Et),. 


The semi-acid ester of as-dimethylsuccinic acid was easily obtained 
by hydrolysing ethyl dimethylsuccinate with half the theoretical 
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amount of methyl-alcoholic potassium hydroxide, and the product, 
which distilled at 164°/30 mm., was extracted in the usual way. 
This was then converted into the semi-acid chloride by means of 
thionyl chloride; 58 grams of the semi-acid ester were thoroughly 
mixed with 40 grams of thionyl chloride in a flask closed with a 
condenser and a calcium chloride tube. The reaction, imper- 
ceptible at first, soon became vigorous, and was moderated by cool- 
ing the flask in water. After an hour, the mixture was heated 
for half an hour on the water-bath, and then distilled, when the 
pure product, boiling at 108°/23 mm., was obtained : 

0°5115 gave 0°3723 AgCl. Cl=18°01. 

C,H,,0,Cl requires Cl=18°4 per cent. 

The ethyl dimethylsuccinyl chloride was next condensed with 
ethyl sodiomalonate in the following way: 

Sixteen grams of ethyl malonate were slowly added to 2°3 grams 
of finely divided sodium in dry ether, and, after keeping over- 
night, 19°3 grams of the acid chloride were introduced, and the 
mixture kept for six hours. Ice-water and dilute sulphuric acid 
were then added, and the yellow, ethereal layer was washed with 
sodium hydrogen carbonate solution, dried over magnesium 
sulphate, and fractionated. The main portion distilled at 147°/ 
0'1 mm., and gave the following analytical and physical data: 

0°1630 gave 0°3393 CO, and 0°1077 H,O. C=56°7; H=7°4. 

C,;H,,0, requires C=56°9; H=7'6 per cent. 

Ny =1°4520; D? 1°1002; M,=77°48 (cale., M=76°44). 

A small quantity of a viscid oil, distilling at 157—180°/0°1 mm., 
was also obtained, which was probably the substance 

CH(CO,Et),*CO-CMe,"CH,°CO-CH(CO,Et),, 
derived from a little dimethylsuccinyl dichloride present as 
impurity. Ina further preparation, using redistilled acid chloride, 
this higher fraction was absent. 


Synthesis of Ethyl aa-Dimethylbutan-y-ol-ayds-tetracarboxylate, 
CH, *C(OH)(CO,Et)-CH(CO, ae) 
éMe,- CO,Et 
CH," (CO, H)(CH,°CO 2H) 
éme, C 


and the Lactone derived from it, 


For this experiment 4°5 grams of ethyl chloroformate were con- 
densed with 11 grams of ethyl aa-dimethylbutan-y-one-ad8-tri- 
carboxylate in the presence of 0°9 gram of magnesium and 20 c.c. 
of dry benzene. The mixture was heated on the water-bath for 
several hours until the whole of the magnesium had disappeared, 

vor. Cv. 4 
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small quantities of ethyl chloroformate being added from time to 
time until a further 5 grams had been used. The pasty mass 
which remained on cooling was decomposed with ice and mineral 
acid, and extracted in the usual way, the benzene solution being 
dried and fractionated. The product was collected in two portions, 
distilling at 73—130°/2 mm. and 130—155°/2 mm.; the second of 
these, on refractionating, yielded a colourless oil boiling at 149°/ 
05 mm., and this proved to be the tetrabasic ester represented at 
the head of this section: 
01520 gave 0°3089 CO, and 0°1017 H,O. C=55'4; H=7°5. 
C,gHggOg requires C=55°6; H=7'6 per cent. 


Hydrolysis—The above ester was digested for thirty hours with 
15 per cent. hydrochloric acid, the condenser being removed from 
time to time in order to allow the alcohol to escape. On evapora- 
tion of the mineral acid an oily residue remained, which did not 
erystallise, and was too small in amount to be distilled. It was 
carefully dried in a vacuum air-oven at 105° and titrated : 

0°1005 Gram required 0°0357 gram of NaOH for neutralisation 
in the cold, whilst a lactonic dibasic acid of the formula 
C,H,,0, (II) should require 0°0372 gram. After boiling for one 
and a-half hours with excess of sodium hydroxide and titrating 
with sulphuric acid the total alkali required was 0°0509 gram of 
NaOH, whilst the tribasic acid, CyH,,0;, formed from the above 
lactone, should require 0°0515 gram. 


Preparation of Butane-aBs-tricarborylie Acid, 


CO,H-CH,-CH(CO,H)-CH,-CH,-CO,H. 


This method of preparation is an alternative one to that described 
by Kay and Perkin (T., 1906, 89, 1642). 5°8 Grams of sodium 
were dissolved in absolute alcohol, and to the cooled solution 
40 grams of ethyl malonate added. Sixty-five grams of ethyl 
a-bromoglutarate (see P., 1905, 21, 90) were then introduced, a 
slight heating of the solution taking place as the result of the 
reaction. The mixture was kept overnight, then heated for a short 
time on the water-bath, and the product worked up in the usual 
way and fractionated, when it was found to distil at about 240°/ 
50 mm. as a colourless oil, which was doubtless ethyl butane-aaBé- 
tetracarboxylate. This was hydrolysed by digesting for twenty- 
four hours with concentrated hydrochloric acid, and on evaporation 
to dryness a crystalline residue remained, which was purified by 
recrystallising from dry ether. The colourless, crystalline acid 
melted at 120—121°, and when mixed with a specimen of the 
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butane-aBS-tricarboxylic acid prepared by Kay and Perkin’s 
method, no depression of the melting point was observed. (Found, 
C=443; H=5°3. Calc., C=44°2; H=5'3 per cent.) 
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CXXV.—Studies of Ammonium Solutions. A 


Correction. 
By Rotanp Epcar SLAbE. 


In a former communication (T., 1911, 99, 1974) it was shown that 
a hydrogen electrode in a solution containing an ammonium salt 
and free ammonium hydroxide might be considered as an 
_ ammonium electrode, and that the potential of such an electrode 
at 25° is given by the formula 

PRuy. Pir, ” 

[NH,"] 

where ¢€ (volts) = @xtectrode-clectroste, Pu, @Nd 7x», are the partial 
pressures in atmospheres of ammonia and hydrogen respectively, 
and [NH,’] is the concentration of ammonium ions in equivalents 
per litre. e) is the potential of the electrode when py,=1, pyy, =1, 
and [NH,’]=1. In all calculations of single potential differences 
the potential of a hydrogen electrode at 18°, in a solution normal 
with respect to hydrogen ions, was taken as zero. The normal 
calomel ‘electrode at 25° was taken as 0°283 volt against this 
standard. 

It has been pointed out to the author by Prof. F. Auerbach 
that in calculating the values of e, from the above formula, the 
pressures of ammonia were, by mistake, expressed in mm. of 
mercury instead of in atmospheres. This makes the value of e,) 
er on p. 1978 (loc. cit.) too great by 0°059 log 760=0°170 
volt. 

Since the publication of the former communication, it has been 
suggested by Auerbach (Zeitsch. Elektrochem., 1912, 18, 13), and 
it has been fairly generally accepted, that it is better to take, as 
the zero of potential, the hydrogen electrode in a normal hydrogen 
ion solution at the temperature of the experiments rather than to 
refer all measurements to the hydrogen electrode at 18°. Against 

472 


e =e, —0:099log“** 
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the normal hydrogen electrode at 25°, the potential of the normal 


calomel electrode is 0°285 volt. 
Introducing both these corrections, Table IT of the former com- 


munication becomes: 
TABLE IT. 


Pie 
e in mm. i 
Electrode. observed, Ff (e). (NH, ]. of Hg. 


NH3(2N)-Ho '| NH,CKN) «.......-. -0°575  -0081 0°8140 
NH3(N)-He | NH,CKN) -.......... -0°555  —0°699 0°8135 
NH3(0°5N)-Ho | NH,CUN) «......... -0°535  —O116  0°8127 
NH3(0°05N)-H» | NHjCK(N).......... -0'477 -O'175 ~—-O"8110 
NH3(0'01N)-H)| NH,CKN) ...... -0'435 —O0'217 0°8104 
NH3(2N)-H! NH,CKO'4N) |... -0°600  -0°059 —0°3420 
NH(N)-H» | NH,CK0'4N) -0'076 — 0°3415 
NH3(0°5N)-H» | NH,CKO'4N) ...  -0°5! -0°094 — 0°3408 
NH;(0°05N)-He | NH,CK(O°4) ... "5 -0°153 0°3390 
NHO°01N)-Hy | NHCKO"4N) ... - 0°45 -U'194 — 0°3384- 
NH3(0°05N)-He | NHyCh0'08N)... —0'543 -U'l44 00734 7: 657 
NH,(0'01N)-He | NHyCKO'08N)... - 0°503 v155 «6007287 01334 —0'658 
Mean... .. -O°654 
- 
where “(c) = 0°059 log PXHs: Pie 
f (c) 8 INH, ] 
Therefore at 25° 
e= -0°654 - 0-059 log U8: Pas 
[NH,'] 

In a solution in which py,=1, [NH,|=1, and ammonium 
hydroxide is of normal concentration, and therefore Pans =a 
we have: 

rR 13°52 
— 0°654 — 0:059 log —— 
760 
—0°654 + 0°103, 
—0°551 volt. 

We can also calculate the value of ¢ in this case by considering 
the electrode as a hydrogen electrode if we know the dissociation 
constant of ammonium hydroxide. 

Taking the value for this dissociation constant given by Noyes, 
Kato and Sosman (J. Amer. Chem. Soc., 1910, 32, 159), we have 
(NH, |[OH’] 

[NH,OH] © 

Putting [NH,]=1, [NH,OH]|* =1, we have 
[OH’]=1°72 x 10-5. 

Therefore, if K, at 25° is equal to 0°82 x 10-14, 


1-72 x 10-5 = 


Ky _ 0°82 x 10-14 
A’) = = TT x 10. 

[H’ [UH'] 1:72 x lu~® 
* The molecules of ammonia and ammonium hydroxide which exist in solution 
are both considered asammonium hydroxide (compare Moore and Winmill, T., 1912, 


101, 1667). 
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The potential of a hydrogen electrode in such a solution would be 
e=0°059 log (4°77 x 10-1), 
= —0°059 x 9°322, 
= —0°550 volt, 
which is in excellent agreement with the value —0°551 calculated 
above from ég. 
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CXXVI.—The Action of ay-Dibromobutane on the 
Sodium Derivatives of Lthyl Acetoacetate and 
Benzoylacetate. 

By Rosert Greorce Farcuer and Witi1AmM Henry PERKIN, jun. 


Some years ago (compare T., 1887, 51, 702) the action of tri- 
methylene bromide, CH,Br-CH,°CH,Br, with the sodium deriv- 
atives of ethyl acetoacetate and benzoylacetate was made the sub- 
ject of an extended investigation, and resulted in the preparation 
and characterisation of a number of new substances of considerable 
interest. At that time it was thought desirable to prepare other 
substances of a similar kind from homologues of trimethylene 
bromide, but unfortunately the preparation of these homologues 
proved to be a matter of such difficulty that the experiments had 
to be discontinued. A short time ago Hibbert (U.S. Pat. 
1,008,333/11; Eng. Pat. 4099/11; compare J. Soc. Chem. Ind., 
1911, 30, 1470)* worked out a process for the preparation of 
ay-dihydroxybutane, CH,-CH(OH)CH.°CH,°OH (compare p. 1356), 
which allows of this substance being readily obtained in compara- 
tively large quantities, and we have found that this reacts with 
hydrochloric acid to form ay-dichlorobutane, 
CH,°CHCl1-CH,°CH,.Cl 
(b. p. 134°), and when treated with phosphorus tribromide 
yields ay-dibromobutane, CH,*CHBr-CH.-CH,Br (b. p. 173°). 
ay-Dibromobutane reacts with the sodium derivative of ethyl 
acetoacetate, with the formation of ethyl 2: 6-dimethyl-2: 3- 
dihydro-\ : 4-pyran-5-carboxylate, 
CMe:C(CO, Et 
O<GHMe OHCs 

* We are much indebted to the E, I. du Pont fe Nemours Co., Wilmington, 
Delaware, U.S.A., for kindly presenting us with a considerable quantity of 
dihydroxybutane, 
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which melts at 35° and distils at 225—-226°/750 mm. On hydro- 
lysis, this ester yields the corresponding acid, which melts at 126°, 
and is decomposed on distillation into carbon dioxide and 
2: 6-dimethyl-2: 3-dihydro-1: 4-pyran (b. p. 120°), the internal 
anhydride of heptan-{-ol-8-one, 


OMe==CH 
O<GHMe-CH,> CH 


An interesting decomposition of dimethyldihydropyrancarboxylic 
acid is its conversion, by boiling with water, into heptan-{-ol-B-one, 
CH,*CO:CH,"CH,*CH,*CH(OH)-CHs, a viscid syrup which distils 
at 117°/20 mm., and in contact with hydrobromic acid yields 
¢-bromoheptan-B-one (b. p. 130°/50 mm.), a substance which is 
obtained directly when ethyl dimethyldihydropyrancarboxylate is 
left in contact with fuming hydrobromic acid. Heptan-(-ol-8-one 
is readily reduced by sodium amalgam to heptane-B{-diol, which 
distils at 140°/50 mm. unchanged, but when heated under the 
ordinary pressure is gradually decomposed into water and the 
internal anhydride, 2: 6-dimethyl-2: 3: 5: 6-tetrahydro-1: 4-pyran, 


OH-CHMe-CH, CH Me-CH 
OIl-CHMe-CH> CH» — O<on Me-CH.> CH 


The oxidation of heptan-{-ol-8-one was carefully investigated in 
the hope that it might be found possible to isolate the hitherto 
unknown heptane-8{-dione, CH,*CO-CH,*CH,°CH,°CO-CHs. 

The internal anhydride of this diketone, 1-methyl-A!-cyclohexen- 
3-one, has long been known, and is readily obtained, as 
Knoevenagel and Klages (Annalen, 1894, 281, 97) have shown, 
from ethyl methylenediacetoacetate by boiling with dilute sulphuric 
acid, 

CH,°CO 
CH,-CO SCH-CO,Et = > CH CKCH OOS yy, 
CO,Et-CH-CH, _ 


All attempts to isolate the diketone itself by the hydrolysis of 
ethyl methylenediacetoacetate with dilute alkalis were unsuccessful, 
the cause of the failure being the remarkable ease with which the 
diketone is converted into 1-methyl-Al-cyclohexen-3-one, even by 
small quantities of alkali. When, however, heptan-t-ol-B-one is 
oxidised with chromic acid under the conditions given on p. 1361, 
he ptane-B{-dione, CH,;°CO-CH,°CH,°CH,*CO-CHs, may be isolated 
from the product by extraction with ether, and the crystalline mass 
melts at 31°, yields a highly characteristic dioxime, melting at 89°, 
and a disemicarbazone, melting at 215°. The diketone is readily 
decomposed by boiling with dilute sulphuric acid, and more readily 
with dilute potassium hydroxide, with elimination of water and 
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formation of 1-methyl-A!-cyclohexen-3-one. The isolation of 

heptane-¢-dione fills the gap in the series of the normal diketones 

between acetonylacetone (hexane-Be-dione), 
CH,°CO-CH,°CH,°CO-CH, 

(m. p. —9°; b. p. 194°), and diacetylbutane (octane-8y-dione), 

CH,*CO-CH,°CH,°CH,*CH,°CO-CHg (m. p. 44°). 

After these experiments had been completed, and briefly de- 
scribed in the Proceedings (1913, 29, 72), an interesting communica- 
tion by Harries appeared (Ber., 1914, 47, 784), in which this 
investigator shows that the ozonide of normal caoutchouc is decom- 
posed by water, with the formation of several substances, among 
which is a diketone, C,H,,.0,, which yields a dioxime, melting at 
87°, and a disemicarbazone, melting at 214°. Since this diketone 
is converted into 1-methyl-Al-cyclohexen-3-one by boiling with 
dilute sodium hydroxide, there can be no doubt that it is heptane- 
Bi-dione, and identical with the diketone previously obtained by us 
in the manner described above. 

The action of ay-dibromobutane on the sodium derivative of ethyl 
benzoylacetate proceeds on lines similar to those described in the 
case of ethyl acetoacetate, but the substances obtained directly and 
indirectly in this way crystallise with greater facility, and are 
therefore more readily characterised. The direct product of the 
interaction is ethyl 6-phenyl-2-methyl-2: 3-dihydro-1 : 4-pyran-b- 
carboxylate, 


CPh:C(CO,Et) 
O<CHMe—OH,> CH 


which melts at 58°, and, on hydrolysis, yields the corresponding 
acid (m. p. 147°). This acid decomposes on distillation, with 
elimination of carbon dioxide and formation of 6-phenyl-2-methyl- 
2: 3-dihydro-1: 4-pyran (b. p. 251°), 
CPh:C oc. H ,~CPh—CH 
0<CHMe— > CH, —> 0<6y-cH, CH» 

and, when boiled aime water, the acid yields aphenylhexan-e-ol- 
a-one, C,H,;*CO-CH,*CH,°CH,*CH(OH):-CH,, which melts at 34°, 
aud is reduced by sodium amalgam to phenylhexane-ae-diol, a 
viscid syrup, which did not crystallise. 

Careful oxidation with chromic acid converts a- ae e-ol- 
a-one into a-phenylhexane-ae-dione, 

C,H;*CO-CH,.°CH,°CH,"CO°CHsg, 

a new diketone, which melts at 65°, and yields a characteristic 
dioxime, melting at 135°. . 

This communication also contains a description of experiments 
on the action of ay-dibromobutane on the disodium derivative of 
ethyl ethanetetracarboxylate. When the product of this inter- 
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action was hydrolysed, and the resulting crude tetrabasic acid 
heated at 200°, it yielded a crystalline acid which melted at 
99—104°, and is shown to be _ 1-methylcyclopentane-2: 3- 
dicarboxylic acid, 


CHMe-CH-CO,H 
! a . 
CHs<on,—CH-CO,H 


EXPERIMENTAL. 


ay-Dihydroxybutane, CH,*-CH(OH)-CH,°CH,°OH, ay-Dichloro- 
butane, and ay-Dibromobutane. 


The method employed in the preparation of much of tlie 
ay-dihydroxybutane required for the present investigation was 
based on that devised by Hibbert (loc. cit.), and is as follows: 
Freshly distilled acetaldehyde (225 grams) is cooled to 0°, and 
gradually mixed with 5 c.c. of 10 per cent. alcoholic potassium 
hydroxide, the whole being well stirred during the addition, and 
the temperature kept at about 10° for two hours. 

A further quantity of the alcoholic potassium hydroxide (5 c.c.) 
is then added as before, and, after twenty-four hours, the crude 
aldol is diluted with water to 2 litres, neutralised with hydrochloric 
acid, and gradually mixed with amalgamated aluminium turnings 
(100 grams), and stirred mechanically for twenty-four hours. The 
product is filtered, the filtrate concentrated under diminished 
pressure, and the ay-dihydroxybutane distilled, when it passes over 
at 1183—114°/15 mm. as a colourless syrup. 

ay-Dichlorobutane, CH;*CHCl-CH,*CH,Cl.—This dichloride, 
which does not appear to have been previously described, was pre- 
pared in considerable quantities in the following way. 
ay-Dihydroxybutane (20 grams) is heated with hydrochloric acid 
(50 c.c. saturated at 0°) in a sealed tube in the steam-bath for 
two days; the liquid is then cooled to 0°, saturated with hydrogen 
chloride, and the heating continued for the same period as before. 
The product is in two layers, the upper one being the dichloride, 
and this is separated, washed with water and dilute sodium 
carbonate, dried thoroughly, and fractionated, when pure 
ay-dichlorobutane is obtained as a colourless liquid, which distils 
at 134°, and has an odour resembling that of ethylene chloride : 

0°2501 gave 0°5608 AgCl. Cl=55°5. 

C,H,Cl, requires Cl=55°9 per cent. 
' ay-Dibromobutane, CH,*CHBr-CH,*CH,Br.—This dibromide has 
been prepared by Demjanov (J. Russ. Phys. Chem. Soc., 1892, 24, 
351) by the action of hydrobromic acid on ay-dihydroxybutane or 
on the unsaturated alcohol, CH,:-CH-CH,°CH,°OH, and it is also 
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produced when cyclobutanol is heated with fuming hydrobromic 
acid (T., 1894, 65, 962), 
CH,°CH:OH CH,:CHBr 
tae, +2HBe = og,Br-CH, 
a curious change which involves fission of the cyclobutane ring. 

For the purposes of the present investigation, we have prepared 
large quantities of this dibromide in the following way. 

ay-Dihydroxybutane (50 grams) is gradually mixed with phos- 
phorus tribromide (200 grams) in a flask cooled with ice-water, 
and, after an hour, the whole is heated on the steam-bath for four 
hours. 

The cold product is poured on to powdered ice, the heavy 
dibromide extracted with ether, the ethereal solution washed with 
dilute sodium carbonate, dried, evaporated, and the residue dis- 
tilled, when almost the whole quantity passes over at 173°/750 mm. 
as a liquid having an odour resembling that of trimethylene 
dibromide. When large quantities are distilled under the ordinary 
pressure there is, however, some decomposition, and it is therefore 
better to distil under somewhat reduced pressure, and the observed 
boiling points were 89°5°/50 mm., 107°/100 mm., and 127°5°/ 
200 mm. 


+H,0, 


Ethyl 2: 6-Dimethyl-2 : 3-dihydro-1 : 4-pyran-5-carboxylate, 
CMe:C(Co, Et) 
O< CH MeOH ay 

In order to prepare this ester, a mixture of ethyl acetoacetate 
(130 grams) and ay-dibromobutane (109 grams) is gradually added 
to a solution of sodium (23 grams) in absolute alcohol, care being 
taken to keep the temperature below 30° during the addition. 
The mixture is then boiled in a reflux apparatus for seven to eight 
hours, diluted with water, extracted with ether, and, after the 
ethereal solution has been washed, dried, and evaporated, the 
residue is distilled under 100 mm. pressure, when it yields a frac- 
tion (16 grams) distilling at 100—125°, and consisting mainly of 
ethyl acetoacetate, and then a fraction distilling at 125—160°/ 
84 mm., which contains the pyrane ester, and there is a residue of 
high boiling point of about 6 grams. The fraction b. p. 125—160°/ 
84 mm. was placed in a tube connected with a capillary and stop- 
cock, and surrounded by ice and salt, when it mostly crystallised, 
and the oily, mother liquor was drawn off through the capillary by 
means of the pump. On systematic fractionation and freezing 
this oil yielded further considerable quantities of the solid ester, 
and the whole’ was then transferred to porous porcelain and left 
in a vacuum desiccator until the crystalline mass was quite dry: 
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0°1536 gave 0°3659 CO, and 0°1178 H,O. C=65:1; H=8°5. 
01423 ,, 03394 CO, ,, 01136 H,O. C=65°0; H=8°9. 
C,9H,g03 requires C=65°2; H=8'7 per cent. 

Ethyl dimethyldihydropyrancarboaylate melts at about 35°, 
distils at 225—-226°/755 mm., and dissolves freely in alcohol, ether, 
and most other organic solvents. 

(-Bromoheptan-B-one, CH,*CO-|CH,],>CHBr-CH;.—This — sub- 
stance is obtained when the above pyran ester (10 grams) is dis- 
solved in aqueous hydrobromic acid (saturated at 0°, 40 grams) 
and allowed to remain at the ordinary temperature. After the 
evolution of carbon dioxide has ceased, the dark red liquid is 
diluted with water, extracted with ether, the ethereal extract 
washed well with water and dilute sodium carbonate, dried, the 
ether distilled off, and the residue fractionated under diminished 
pressure : 

0°6481 gave 0°6242 AgBr. Br=42°0. 

06573 =~, 0°6326 AgBr. Br=41°0. 

C,H,,0Br requires Br=41°4 per cent. 
¢-Bromoheptan-B-one distils at 130—131°/50 mm. as a heavy, 
colourless liquid with a pungent odour somewhat resembling that 


of tsoamyl acetate; on being kept in the air and exposed to light, 
it gradually decomposes, with elimination of hydrogen bromide, and 
becomes dark-coloured. 


2: 6-Dimethyl-2 : 3-dihydro-1 : 4-pyran-5-carborylic Acid and 
2: 6-Dimethyl-2 : 3-dihydro-1: 4-pyran. 


In order to obtain the acid, the pure ester (10 grams) is digested 
with methyl-alcoholic potassium hydroxide (KOH=6 grams) in a 
reflux apparatus for nine hours. Water is then added, the methyl] 
alcohol completely removed by evaporation, the alkaline solution 
cooled well, and acidified with hydrochloric acid, when the acid 
separates as a crystalline precipitate, and is collected, washed witli 
water, and allowed to dry on porous porcelain exposed to the air. 
The acid is then further purified by recrystallisation from liglit 
petroleum, from which it separates in colourless needles: 

0°1344 gave 0°3040 CO, and 0°0917 H,O. C=61'7; H=7°6. 

C,H,.0, requires C=61'5; H=7‘7 per cent. 

Titration.—0°2392 Gram required for neutralisation 15°7 c.c. of 
V/10-NaOH, whereas this amount of a monobasic acid, C,H,.0., 
should neutralise 15°3 c.c. of V/10-NaOH. Dimethyldihydropyran- 
carboxylhe acid melts at 124°, and decomposes a few degrees higher, 
with elimination of carbon dioxide and formation of dimethyl- 
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dihydropyran (see below). It is readily soluble in alcohol, ether, 
benzene, or light petroleum, but only sparingly so in water. The 
silver salt, CgH,,O,Ag, is obtained as a white, crystalline pre- 
cipitate when silver nitrate is added to the warm, neutral solution 
of the ammonium salt: 

0°5032 gave 0°2075 Ag. Ag=41°2. 

C,H,,0,Ag requires Ag=41'1 per cent. 

When the pyran acid, dissolved in chloroform and cooled to 0°, 
is titrated with a standard solution of bromine in chloroform, it 
takes up one molecule of bromine, and if the chloroform is then 
removed by aspirating a current of air, red crystals are obtained, 
which, however, soon decompose to a dark-coloured liquid. 


2: 6-Dimethyl-2: 3-dihydro-1 : 4-pyran, se ae, and 
2 


Heptan-t-ol-B-one, CH,*CO-[CH, |.*>CH(OH)-CHs. 


When pure dimethyldihydropyrancarboxylic acid is carefully 
heated in a small retort, decomposition sets in at about 150°, carbon 
dioxide is evolved, and a colourless oil distils, leaving practically 
no residue. 

When this oil is carefully fractionated, the main portion distils 
at 120°/756 mm., and consists of pure dimethyldihydropyran : 

0°1234 gave 0°3381 CO, and 0°1223 H,O. C=74:'7; H=11°0. 

C,H,,0 requires C=75'0; H=10°7 per cent. 

Dimethyldihydropyran is the anhydride of heptan-{-ol-B-one, and 
is converted into this substance when it is left in contact with 
water for several days. The ketone-alcohol may then be separated 
from the aqueous solution by the addition of anhydrous potassium 
carbonate and extraction with ether, but it is much more con- 
veniently prepared in the following way. Dimethyldihydropyran- 
carboxylic acid (20 grams) is boiled with water (80 c.c.) in a reflux 
apparatus on the sand-bath, when it rapidly passes into solution, 
with elimination of carbon dioxide. 

After two hours, the solution is saturated with anhydrous 
potassium carbonate, the oily layer which separates extracted with 
ether, the ethereal solution dried over potassium carbonate, the 
ether removed, and the viscid residue distilled under diminished 
pressure, when almost the whole quantity passes over at 117°/ 
20 mm. : 

0°1697 gave 0°3692 CO, and 01659 H,O. C=64:2; H=10°9. 

0°1232 ,, 0°2909 CO, ,, 01213 H,O. C=644; H=10°9. 

C,H,,0, requires C=64°6; H=10'8 per cent. 
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Heptane-Bi-diol, CH,*CH(OH):[CH,],;>CH(OH)-CH;, and 
Dimethyl-2 : 3: 5: 6-tetrahydro-1: 4-pyran, 0<CHMeCH>CH: 


In the conversion of heptan-{-ol-8-one into heptane-B{-diol by 
reduction, the ketone-alcohol (30 grams) was mixed with water 
(100 c.c.) and sufficient methyl alcohol to produce a clear solution, 
transferred to a flat dish, and then sodium amalgam (150 grams of 
4 per cent.) was slowly added, the liquid being constantly stirred 
during the operation. After remaining for ten hours, the solution 
was saturated with carbon dioxide, extracted at least ten times 
with ether, the extract dried over anhydrous potassium carbonate, 
the ether removed, and the residue fractionated, when a colourless 
oil was obtained, which distilled at 128°/30 mm.: 

0°1336 gave 0°3107 CO, and 0°1452 H,O. C=63°6; H=12'1. 

C,H,,0, requires C=63°6; H=12°2 per cent. 

Heptane-B{-diol decomposes when it is distilled under the 
ordinary pressure, with separation of water and formation of the 
anhydride—dimethyltetrahydropyran—and the same change takes 
place when the glycol is digested with dilute sulphuric acid (30 per 
cent.). 

In either case, the oil is rapidly dried over anhydrous potassium 
carbonate and fractionated, when pure dimethyltetrahydropyran is 
readily obtained as a limpid, pleasant-smelling oil, which distils at 
118°/756 mm. : 

0°1317 gave 0°3542 CO, and 0°1471 H,O. C=73'5; H=12°4. 

C,H,,0 requires C=73°7; H=12°3 per cent. 

B{-Dibromoheptane, CH;-CHBr-[CH,],;>CHBr-CH;, is produced 
when heptane-8{-diol is heated with hydrobromic.acid or boiled 
with excess of phosphorus tribromide, but in the latter case the 
yield is unsatisfactory, owing to the formation of phosphorous 
esters. Heptane-S{-diol (5 grams) is heated in a sealed tube with 
fuming aqueous hydrobromic acid (saturated at 0°, 10 c.c.) in the 
steam-bath for three hours; the tube is then opened, cooled to 0°, 
the liquid saturated again with hydrogen bromide, and the heat- 
ing continued for one hour at 120°. 

The product, which is in two layers, is extracted with ether, the 
ethereal solution well washed with water and dilute sodium 
carbonate, dried, the ether removed, and the residue distilled under 
diminished pressure : 

0°4238 gave 0°6230 AgBr. Br=62°6. 

C,H,,Br, requires Br=62°0 per cent. 


By-Dibromoheptane distils at 100°/12 mm., and is a_ heavy, 
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colourless liquid possessing the unpleasant odour characteristic of 
substances of this class; when exposed to air and light, it gradually 
decomposes, and becomes dark-coloured. 


Heptane-Bi-dione, CH,*CO-[CHg],;>CO-CH;, and 1-MJethyl-Al-cyclo- 
hexen-3-one. 

Heptane-f{-dione is obtained when heptan-{-ol-8-one is oxidised 
by chromic acid under the following conditions. The ketone- 
alcohol (6°5 grams), dissolved in water (100 c.c.), is heated at 
50—60°, and then a solution of recrystallised potassium dichromate 
(4°9 grams) in dilute sulphuric acid (7 grams H,SO,) is gradually 
added, with constant stirring. After keeping for half an hour at 
60° the oxidation is finished, the product is extracted five times 
with ether, the ethereal solution dried, evaporated, and the colour- 
less residue left in the ice-chest, when it partly crystallises. The 
mass is placed in contact with porous porcelain; the absorbed oil 
is then extracted with ether in a Soxhlet apparatus, and the extract 
fractionated, when, after a small fraction of unknown composition 
boiling at about 156°, a considerable portion passes over at 
190—200°, and contains methylcyclohexenone, and the subsequent 
fraction, 200—204°, crystallises in the ice-chest, and is again trans- 
ferred to porous porcelain. (Found, C=65'6; H=9°4. C,H,.0, 
requires C=65°6; H=9°4 per cent.) 

Heptane-B{-dione, purified by contact with porous porcelain, 
melts at about 31°, whereas Harries (Ber., 1914, 47, 788), who 
succeeded in recrystallising the diketone twice from light petroleum, 
stated that it melts at 33—34°, and distils at 221—222°/764 mm. 

‘The Dioxzime, CH,°C(-N-OH):[CH,],°C(°N-OH)-CH3.—This deriv- 
ative was prepared by Harries (loc. cit., p. 789) from the diketone 
by treatment with hydroxylamine hydrochloride and sodium 
hydrogen carbonate in aqueous solution in the cold. A better plan 
is to digest the diketone (4 grams), dissolved in a little alcohol, with 
hydroxylamine hydrochloride (10 grams) and excess of sodium 
acetate for an hour on the steam-bath. 

Water is then added, the product extracted several times with 
ether, the ethereal solution carefully washed, dried, and, after con- 
centrating considerably, allowed to remain in the ice-chest, when 
the dioxime gradually separates as a hard, crystalline crust. 
(Found, N=17°7. Cale., N=17°8 per cent.) 

Heptane-B{-dionedioxime melts at 89° (Harries gives 87°), and is 
readily soluble in water, alcohol, or acetone, but sparingly so in 
dry ether or benzene. 

The Disemicarbazone.—Harries (loc. cit., p. 789) states that he 
had considerable difficulty in obtaining this derivative in a pure 
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condition, and that, even after repeated recrystallisation, it did 
not yield correct values on analysis. Using the following condi- 
tions, we have not experienced any difficulty in preparing this sub- 
stance in the pure state. The-diketone (2 grams), dissolved in 
water (20 c.c.), is mixed with’ excess of semicarbazide hydrochloride 
(6 grams) and sodium acetate (8 grams), and shaken mechanically, 
when the disemicarbazone soon separates as a crystalline precipi- 
tate, and is purified by recrystallisation from dilute alcohol : 


0-0800 gave 23°8 c.c. N, at 15° and 760 mm. N=34'9. 
C,H,,0O.N, requires N=34°7 per cent. 


This disemicarbazone melts at 215°, and is sparingly soluble in 


methyl or ethyl alcohols, and in cold water. 
1-Methyl-Al-cyclohexen-3-one, OMe<oH on CH. is produced 
9 Vas 
when heptane-B{-dione is boiled with dilute sulphuric acid, or 
heated with syrupy phosphoric acid, but is most conveniently pre- 
pared by boiling the diketone with dilute aqueous alkalis. 

In each case the product was purified by distillation in steam 
and then fractionation, when it boiled constantly at 197°/760 mm., 
and possessed the same odour as a specimen of methyleyclohexen- 
3-one prepared from ethyl methylenediacetoacetate by hydrolysis 
with dilute sulphuric acid (Knoevenagel and Klages, Annalen, 
1894, 281, 97). (Found, C=75'7; H=9°3. Cale, C=76'3; 
H=9'1 per cent.) 

The semicarbazone, prepared in the usual manner, and crystal- 
lised from methyl alcohol, melted at about 198°, whereas Harries 
(Joc. cit.) gives 199—200° as the melting point of this derivative. 
(Found, N=25°2. C,H,,ON; requires N=25'1 per cent.) 


6-Phenyl-2-methyl-2 : 3-dihydro-1 : 4-pyran-5-carboxylic Acid, 
OPh:0(CO,H)~ ,, 
O<cHMe—CH,> CH» 
and its Methyl and Ethyl Esters. 


The ethyl ester of the above acid is obtained when the sodium 
derivative of ethyl benzoylacetate reacts with ay-dibromobutane. 

A mixture of ethyl benzoylacetate (80 grams) and ay-dibromo- 
butane (88 grams) is added to a cold solution of sodium (10 grams) 
in absolute alcohol (130 c.c.), and, after heating for three hours, 
the product is cooled, the same quantity of sodium ethoxide again 
added, and the heating continued for six hours. As much alcohol 
as possible is removed by distillation from the steam-bath under 
diminished pressure, the residue is mixed with water, the oil ex- 
tracted with ether, the ethereal solution washed well, dried, and 
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fractionated, when the principal portion passes over at 170 -200° / 
15 mm., and gradually crystallises. The mass was left in contact 
with porous porcelain until quite dry, and then recrystallised from 
ether : 

0°1221 gave 0°3268 CO, and 0°0817 H,O. C=730; H=7-4. 

C,;H,,0, requires C=73°2; H=7'3 per cent. 

Ethyl phenylmethyldihydropyrancarborylate separates from 
ether, in which it is readily soluble, in prisms, and melts at 58°. 

Methyl phenylmethyldihydropyrancarboxylate, prepared in 2 
similar manner from methyl benzoylacetate, sodium methoxide, and 
ay-dibromobutane, separates from light petroleum in_ slender 
needles, and melts at 53°: 

01270 gave 0°3365 CO, and 0°0764 H,O. C=72°3; H=67. 

C,,H,,03 requires C=72°4; H=6'9 per cent. 

The hydrolysis of the ethyl ester was carried out by boiling it 
with half its weight of alcoholic potassium hydroxide for about six 
hours in a reflux apparatus. Water was then added, the solution 
evaporated until quite free from alcohol, filtered and acidified with 
hydrochloric acid, when a crystalline acid separated, which was 
collected, washed with water, and recrystallised from ether: 

01312 gave 0°3453 CO, and 0°0748 H,O. C=71'7; H=6'3. 

C,3H,,0, requires C=71'5; H=6'4 per cent. 

Titration: 0°2241 neutralised 10°6 c.c. of W/10-NaOH, whereas 
this amount of a monobasic acid, C,,H,,0,, should neutralise 
10°3 c.c. 

Phenylmethyldihydropyrancarbozylic acid melts at 147°, with 
slow evolution of carboii dioxide, and is readily soluble in alcohol, 
ether, chloroform, or benzene, but sparingly so in water or light 
petroleum. 

The solution in dilute sodium carbonate rapidly decolorises 
permanganate. 


CPh——CH 
6 - Phenyl - 2 - methyl -2 : 3-dihydropyran, O<~ >CH,, 
! y YOrery <cn Me-CH,~ ~ ? 
a-Phenylhexan-e-ol-a-one, CgH;*CO-[CH,|,*;CH(OH)-CHg, and 
a-Phenylhexane-ae-dione, CgH;*CO-[CH,|,*>CO-CHs. 


In order to prepare phenylmethyldihydropyran, phenylmethyl- 
dihydropyrancarboxylic acid is heated in a distillation flask at 200° 
until the evolution of carbon dioxide has ceased, and the residue is 
then fractionated, when the whole quantity passes over at 
251—252°/758 mm.: 

0°1341 gave 0°4065 CO, and 0°0986 H,O. C=826; H=81. 
C,.0H,,O requires C=82°7; H=8:'0 per cent. 
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Phenylmethyldihydropyran is a colourless, viscid oil which has 
an aromatic odour, and gradually polymerises to a gelatinous mass 
in contact with air and light. It is insoluble in cold water, but 
on long boiling dissolves, with the formation of a-phenylhexan-e- 
ol-a-one, and it is converted into e-bromo-a-phenylhexan-a-one by the 
action of hydrobromic acid. a-Phenylhexan-e-ol-a-one is best pre- 
pared by first precipitating phenylmethyldihydropyrancarboxylic 
acid in as finely divided a condition as possible by running cold 
dilute hydrochloric acid into the cold solution of the acid in dilute 
sodium carbonate, and the well-washed acid is then boiled with 
much water until solution is obtained. The product is filtered, 
saturated with potassium carbonate, and extracted several times 
with ether; the ethereal solution is then dried and evaporated, 
when a syrup is obtained, which gradually crystallises. After con- 
tact with porous porcelain, the slightly viscid, crystalline mass 
melted somewhat indefinitely at about 34°: 

0°1237 gave 0°3388 CO, and 0°0950 H,O. C=747; H=8°5. 

C,,H,g0, requires C=75°0; H=83 per cent. 

a-Phenylhexan-e-ol-a-one remains unchanged for a considerable 
time when exposed to air, but over sulphuric acid in a vacuum 
desiccator the substance gradually liquefies, owing to loss of water 
and formation of phenylmethyldihydropyran. e¢-Bromo-a-pheny/- 
hexan-a-one may be obtained by the action of hydrobromic acid on 
phenylmethyldihydropyran, but it is most conveniently prepared 
by leaving either methyl or ethyl phenylmethyldihydropyran- 
carboxylate in contact with fuming hydrobromic acid (saturated at 
0°). As soon as the evolution of carbon dioxide has ceased, the 
product is diluted with water, extracted with ether, the ethereal 
solution washed with dilute sodium carbonate, dried, and evapor- 
ated. On distilling the brown, oily residue under diminished 
pressure, the bromo-ketone passes over at 188°/20 mm., with very 
slight decomposition : 

0°6034 gave 0°4508 AgBr. Br=31°8. 

C,,.H,,OBr requires Br=31°4 per cent. 
e-Bromo-a-phenylhexan-a-one, when freshly distilled, is a colour- 
less oil with a pungent, aromatic odour, but in contact with air 
and light it gradually becomes brown, and decomposes. 


a-Phenylhexane-ae-dione, C,H,*CO-[CH,],*>CO-CHsg. 


This interesting diketone is obtained when a-phenylhexan-e-ol- 
a-one is oxidised with potassium dichromate and sulphuric acid. 

The pure ketone-alcohol (6°4 grams), dissolved in water, was 
oxidised in a flask, fitted with a mechanical stirrer, by the gradual 
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addition of potassium dichromate (3°3 grams), dissolved in a slight 
excess of dilute sulphuric acid, the temperature being kept at 
50—60° during the operation. The product was extracted with 
ether, the ethereal solution washed with dilute sodium carbonate, 
dried, and the ether distilled off, when the residual syrup soon 
crystallised ; the mass was left in contact with porous porcelain 
untii quite dry, and then recrystallised from light petroleum : 

0°0822 gave 0°2272 CO, and 0°0551 H,O. C=75'4; H=7°5. 

C,oH,,0, requires C=75°8; H=7°'4 per cent. 

a-Phenylhexane-ae-dione separates from light petroleum in 
‘colourless, feathery crystals, melts at 65°, and is readily soluble in 
ether, alcohol, benzene, or hot water, but sparingly so in cold light 
petroleum. 

The Dioxzime.—This derivative was obtained by digesting the 
solution of the pure diketone (1°5 grams) in alcohol with hydroxyl- 
amine hydrochloride and excess of crystallised sodium acetate for 
one hour. 

After adding water and allowing to remain in the ice-chest, the 
erystals were collected and recrystallised from hot water : 

01708 gave 18°9 c.c. Ny at 16° and 760 mm. N=12'8. 

C,.H,,O,Nz, requires N=12°7 per cent. 

The dioxime of a-phenylhexane-ae-dione separates from water in 
colourless needles, and melts at 135°; it is readily soluble in the 
usual organic solvents and in hot water, but is sparingly soluble in 


cold water. 


Action of ay-Dibromobutane on the Disodium Derivative of Ethyl 

Ethanetetracarboxylate. Formation of 1-Methyleyclopentan- 
CHMe- CH: CO,H 
<ou, -—CH- CO,H 


2: 3-dicarboxylic Acid, CH 


In studying this decomposition, ethyl ethanetetracarboxylate (20 
grams) was added to a solution of sodium (3 grams) in alcohol 
(50 ec.) at about 30°, and then mixed with ay-dibromobutane 
(14 grams), and the whole heated in a soda-water bottle in boiling 
water for twelve hours. The product was isolated by the addition 
of water and extraction with ether in the usual way, and then 
digested with methyl-alcoholic potassium hydroxide (30 grams) for 
five hours. After evaporating with water until free from methyl 
alcohol, the alkaline liquid was mixed with excess of hydrochloric 
acid, extracted several times mechanically with ether, and the 
ethereal solution dried and evaporated, when a pale yellow syrup 
was obtained, which gradually solidified. This crude acid was 
heated at 200° until the evolution of carbon dioxide had ceased, 
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the residue esterified by boiling with 10 per cent. alcoholic sulphuric 
acid for five hours, the ester isolated in the usual manner and 
several times fractionated, when a pale yellow oil was obtained, 
which distilled at 255°/760 mm., and consisted of ethyl 1-methyl- 
cyclopentane-2': 3-dicarboxylate : 

071191 gave 0°2763 CO, and 0'0927 H,O. C=63'4; H=8°6. 

C,g,H.,0, requires C=63'2; H=8'8 per cent. 
1-Methylcyclopentane-2 : 3-dicarboxylic Acid.—In order to obtain 
this acid, the ethyl ester just described (10 grams) was digested 
with methyl-alcoholic potassium hydroxide (5 grams) for five hours, 
and the product repeatedly evaporated with water until quite free 
from methyl alcohol. 

On acidifying with hydrochloric acid and extracting with pure 
ether, a solid acid was obtained, which was freed from slight oily 
impurity by contact with porous porcelain, and then three times 
recrystallised from hydrochloric acid: 

0°1194 gave 0°2435 CO, and 0°0766 H,O. C=55°6; H=7'1. 

C,H,.0, requires C=55°8; H=7'0 per cent. 

Titration: 0°1990 required 23°2 c.c. of V/10-KOH for neutral- 
isation, whereas this quantity of a dibasic acid, CgH,.0,, should 
neutralise 23°1 c.c. 

1-Methylcyclopentane-2 : 3-dicarboxylic acid, obtained in this 
way, melted not very sharply at 98—100°, is very readily soluble in 
water, but sparingly so in hydrochloric acid, and the solution of 
its sodium salt is stable to permanganate. The calcium salt is 
obtained as a colourless, sparingly soluble precipitate when calcium 
chloride is added to the solution of the acid in excess of ammonia, 
and although the salt was fractionally precipitated, the first and 
last crops each yielded an acid which, after crystallisation from 
hydrochloric acid, softened at 98—99°, and was not quite clear 
until 104°. 

When this acid is boiled with five times its weight of acetic 
anhydride for twelve hours, and the product fractionated, a syrup 
is obtained which distils at 275°/764 mm., and is the anhydride 
of the acid: 


0°1415 gave 0°3231 CO, and 0°0834 H,O. C=62:°2; H=6°5. 
C,H,,O,; requires C=62°3; H=6°5 per cent. 

This anhydride yielded, on treatment with methyl-alcoholic 
potassium hydroxide, a clear solution, and after removal of the 
methyl alcohol, hydrochloric acid precipitated a crystalline acid, 
which softened at 97° and melted at 100—104°, and the acid of 
this melting point seems, therefore, to be the cis-modification. 
Attempts to convert this into the corresponding trans-modification 
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were not very successful, since after the acid (2 grams) had been 
heated with concentrated hydrochloric acid (5 c.c.) in a sealed 
tube at 180° for four hours, and the product extracted with ether, 
a syrupy acid was obtained, which only very gradually crystallised. 
After contact with porous porcelain, the colourless mass was dis- 
solved in a little hydrochloric acid and left in the ice-chest; but 
crystals separated only very gradually, and after recrystallisation 
the acid melted at about 66—68°, and was apparently not a pure 
trans-modification. 
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CXXVII.—Contribuiions to the Chemistry of the 
Terpenes. Part XVII. The Action of Hypo- 
chlorous Acid on Camphene. 


By Grorce Greratp HeEnperson, Istpor Morris HErILBron, and 
MatTTrHEw Howie. 


Tue list of reagents which have been employed in the investigation 
of the terpenes naturally includes hypochlorous acid. According 
to Slawinski (Bull. Acad. Sci. Cracow, 1905, 491), the action of 
this substance on camphene leads to the formation of camphene 
chlorohydrin and camphene dichloride, which are solid, and a mix- 
ture of three liquid chlorocamphenes. The chlorohydrin was 
isolated from its mixture with the dichloride in the form of its 
acetate, which melts at 52°5°, but apparently was not obtained in 
the free state, since the acetate is said to yield an anhydride, 
C,9H,,0, on hydrolysis. Slawinski’s results are at variance with 
those recently obtained by ourselves, and it appears probable that 
the solution which he employed must have contained some free 
chlorine. 

We have found that when camphene is treated in the cold with 
a dilute aqueous solution of hypochlorous acid, it is converted 
almost quantitatively into camphene chlorohydrin, Cy)H,Cl’OH, a 
colourless, crystalline solid, which melts at 93°. The chlorohydrin 
does not give an acid phthalate, but a crystalline p-nitrobenzoate 
is readily obtained. It reacts with aqueous or alcoholic potassium 
hydroxide, more slowly with moist silver oxide in presence of ether, 
yielding in each case isocamphenilanaldehyde, and on treatment 
with phosphorus pentachloride it is converted into the solid 
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camphene dichloride, C,gH,¢Cl,, melting at’ 139—140°, described hy 
Slawinski. When heated with zine and alcohol, camphene chloro- 
hydrin yields isoborneol as the sole product, and therefore must 
be, in reality, a chloroisoborneol. 

Camphene chlorohydrin is slowly oxidised when warmed with a 
large excess of chromic acid mixture, but is much more readily 
attacked by chromium trioxide dissolved in glacial acetic acid. 
The product, a crystalline solid, which melts at 132°, is a chloro- 
ketone, CygH,,OC1; its oxime melts at 142—143°, and its semi. 
carbazone at 220—221°. When heated with zinc and alcohol, the 
chloroketone is converted into camphor, and therefore must be a 
chlorocamphor. Its melting point is almost the same as that of 
B-chlorocamphor (m. p. 132°5°), but the oxime of the latter 
compound is stated to melt at 134°, and its semicarbazone at 183°, 
and therefore the identity of the two compounds remains doubtful. 

Bornylene, pinene, limonene, and sabinene have also been found 
to react with hypochlorous acid. We are at present studying the 
products obtained from these terpenes, and propose to extend the 
investigation to other members of the group. 


EXPERIMENTAL. 
Preparation of Camphene Chlorohydrin. 


A dilute solution of hypochlorous acid was prepared according 
to Taylor’s method (T., 1912, 101, 444). Mixtures of 50 grams of 
bleaching powder, 90 grams of boric acid, and 1500 c.c. of water 
were distilled until about 500 c.c. had passed over; the first 25 c.c. 
of each distillate were rejected, as they usually contained traces of 
chlorine. About 1 litre of the solution of hypochlorous acid thus 
obtained was sufficient for the treatment of 5 grams of camphene. 

A solution of 100 grams of camphene in a little light petroleum 
was agitated with the solution of hypochlorous acid in a large 
stoppered bottle. At first the hypochlorous acid was readily taken 
up by the camphene, the odour of the acid disappearing almost 
immediately after each addition. The aqueous layer was then 
siphoned off, and a fresh quantity of the acid solution added. 
The process was continued until no more acid was absorbed; at 
this stage the product had become denser than water, and sank to 
the bottom of the bottle. It was dissolved in light petroleum, and 
after the solution had been dried with anhydrous sodium sulphate 
and the petroleum removed, the crude chlorohydrin was obtained 
as a crystalline mass. Each portion of the aqueous solution re- 
moved from the bottle was saturated with sodium chloride and 
thoroughly extracted with ether. The ethereal solution was washed 
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and dried, and, on removal of the ether, a further quantity of 
the chlorohydrin was obtained. On account of the great solubility 
of the chlorohydrin in the usual solvents, it was purified by dis- 
tillation in a current of steam, repeated until the melting point of 
the dried substance remained constant. The yield was nearly 
quantitative, 100 grams of camphene giving about 130 grams of the 
crude chlorohydrin. 

Camphene chlorohydrin, CjyH,Cl-OH, is a colourless, crystalline 
solid, which melts at 93°, and has a slight odour somewhat like that 
of borneol. It is very readily soluble in all the usual organic 
solvents, but very sparingly so in water, and it volatilises easily in 
a current of steam or of alcohol vapour: 

0°2010 gave 0°1540 AgCl. Cl=18°9. 

C,)9H,,0Cl requires Cl=18°8 per cent. 

Several different methods of preparing an acid phthalate of 
camphene chlorohydrin were tried without success, but its pnitro- 
benzoate was readily obtained. The chlorohydrin was dissolved in 
about ten times its weight of pure pyridine, and the calculated 
quantity of pnitrobenzoyl chloride added. A crystalline solid 
began to separate very quickly, and when the reaction appeared to 
be complete, the pyridine was poured off and the ester washed with 
very dilute sulphuric acid and with water, and then recrystallised 
from methyl alcohol. A further quantity was obtained from the 
pyridine by cautiously neutralising it with ice-cold, dilute sulphuric 
acid ; it was collected and purified as above. 

The p-nitrobenzoate of camphene chlorohydrin crystallises from 
methyl alcohol in almost colourless leaflets, which melt at 111°. 
It is readily soluble in benzene, ether, or hot methyl alcohol, rather 
sparingly so in cold methyl alcohol or pyridine: 

0°3420 gave 121 c.c. Ny (moist) at 14° and 767 mm. N=4'2. 

01860 ,, 0°0782 AgCl. Cl=10°4. 

C,,H,,0,NCI requires N=4°1; Cl=10°5 per cent. 


Preparation of isoBorneol from Camphene Chlorohydrin. 


A solution of 20 grams of camphene chlorohydrin in 200 c.c. of 
methyl alcohol was heated under reflux with zinc ribbon until the 
chlorine had been removed from the compound, a process which 
required considerable time. The excess of zinc was removed by 
filtration and washed with methyl alcohol, and the filtrate and 
washings were mixed with water. The solid which separated was 
extracted by means of ether, the ethereal solution washed with 
water and dried with anhydrous sodium sulphate, the ether re- 
moved, and the residue recrystallised from dilute methyl alcohol. 
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The alcohol was thus obtained in large, colourless leaflets, whicli 
melted at about 207°, and yielded an acid phthalate, melting at 
166°. It was obviously either borneol or isoborneol, and, in order 
to settle the point, its p-nitrobenzoate was prepared by the method 
described above. The ester crystallised from methyl alcohol in 
pale yellow leaflets, with the same melting point as the pnitro- 
benzoate of isoborneol, namely, 129° (compare Henderson and 
Heilbron, P., 1913, 29, 381); a mixture of the two esters melted 
at the same temperature. Thus it was proved that the alcohol 
prepared by the action of zinc and alcohol on camphere chlorohydrin 
is tsoborneol, and therefore that the chlorohydrin is a chloroiso- 
borneol. 


Preparation of Camphene Dichloride from Camphene Chlorohydrin. 


The calculated quantity of phosphorus pentachloride was added 
in small quantities at a time to a solution of the chlorohydrin in 
light petroleum, which finally was warmed on the water-bath for 
some time. When the reaction was completed, the solution was 
washed with water, dried with anhydrous calcium chloride, and 
distilled. The camphene dichloride, which remained in the form 
of a viscous liquid, was obtained in crystalline form by distillation 
under diminished pressure. 


The Action of Potassium Hydroxide and of Moist Silver Oxide on 
Camphene Chlorohydrin. 


Camphene chlorohydrin is easily attacked by either aqueous or 
alcoholic potassium hydroxide, the product in each case being the 
same. Thirty grams of the chlorohydrin were heated under reflux 
with a methyl-alcoholic solution of potassium hydroxide until no 
further separation of potassium chloride took place. Water was 
then added, and the viscous liquid which separated was extracted 
with ether. The ethereal solution was washed with water and 
dried with anhydrous calcium chloride, the ether removed, and the 
residue distilled in a current of steam. The colourless, oily liquid 
which passed over with the water was found to be an aldehyde. It 
had the characteristic odour of isocamphenilanaldehyde, and 
yielded a semicarbazone. which melted at the same temperature as 
the semicarbazone of that compound, namely, 191—192°; a mixture 
of the two semicarbazones had the same melting point. On ex- 
posure to the air, the aldehyde was quickly oxidised to iso- 
camphenilanic acid. 

On account of the ease with which camphene chlorohydrin reacts 
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with alkalis, it cannot be purified by conversion into the p-nitro- 
benzoate, and subsequent hydrolysis of the ester with alkali. 

In the hope of obtaining a glycol from camphene chlorohydrin, 
an ethereal solution of the latter was heated under reflux with a 
slight excess of moist silver oxide until no further action took 
place. The silver chloride and unchanged oxide were removed by 
filtration, and the ether distilled off. The product in this case also 
was found to be isocamphenilanaldehyde. No doubt a glycol was 
formed in the first instance, but passed at once into the aldehyde 
in presence of an alkali. 


Oxidation of Camphene Chlorohydrin. 


Camphene chlorohydrin is oxidised by chromic acid mixture, but 
only with difficulty. It is necessary to use about five times the 
calculated quantity of the mixture, to add some glacial acetic acid 
as a solvent for the chlorohydrin, and to heat on the water-bath 
under reflux for several days. Under these conditions, the chloro- 
hydrin is converted into a chloroketone. However, the same pro- 
duct is obtained more easily by using chromium trioxide as the 
oxidising agent. The calculated quantity of chromium trioxide, 
dissolved in glacial acetic acid, was added in small quantities at a 
time to an acetic acid solution of camphene. Oxidation took place 
fairly rapidly, and was completed by heating the solution for some 
time on the water-bath. The solution was then poured into a large 
quantity of water, and the solid which separated was collected by 
filtration and distilled in a current of steam. For further puri- 
fication it was converted by the usual method into its semicarbazone, 
which, after recrystalisation from methyl alcohol, was decomposed 
by heating with the calculated quantity of aqueous oxalic acid. 
The regenerated ketone was again distilled in a current of steam, 
collected, and dried. 

The chloroketone, CyH,;Cl:CO, crystallises from methyl alcohol 
in small, colourless prisms, which melt at 132°. It has only a very 
slight odour. It is easily soluble in the ordinary organic solvents, 
sublimes readily, and volatilises in steam or the vapour of alcohol. 
Its oxime crystallises from methyl alcohol in lustrous, colourless 
prisms, which melt at 142—143°; its semicarbazone forms colour- 
less leaflets, melting at 220—221°. Analysis of the latter gave the 
following results: 

0°1923 gave 28°4 c.c. Np (moist) at 18°5° and 752 mm. N=17'1. 

0°2390 ,, 01870 AgCl. Cl=19°3. 

C,,H,;g0N3Cl requires N=17°3; Cl=19°0 per cent. 
When heated under reflux with zinc ribbon and alcohol, the 
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chloroketone is converted into a ketone, C,,>H,,0, which was proved 
to be camphor by determination of its physical constants and by 
conversion into its semicarbazone. Thus the chloroketone formed 
from camphene chlorohydrin by oxidation, as camphor itself is 
formed from isoborneol, must be a chlorocamphor. 


We gratefully acknowledge our indebtedness to the Carnegie 
Trust for a grant in aid of the expense of this work. 
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CXXVIIIl.—The Absorption Spectra of Various Sub- 
stances Containing Two, Three, and Four 


Benzene Nuclei. 


By Joun Epwarp Purvis. 


In two previous communications the absorption spectra of the 
vapours and solutions of various substances containing two benzene 


nuclei have been described (Purvis and McCleland, T., 1912, 101, 
1514; Purvis, this vol., p. 590). 

This communication contains the results of some further investi- 
gations of other substances containing two, three, and in one case 
four benzene nuclei, united either with simple aliphatic residues 
or with inorganic radicles or elements, to see how far and in what 
directions the vibrations or oscillations of the various centres influ- 
ence the absorption phenomena, particularly as regards the effect 
on the bands of benzene. 

The following substances were examined in the usual way: 
s-diphenylearbamide, as-diphenylcarbamide,  s-dibenzylearbamide, 
s-diphenyithiocarbamide, triphenylguanidine, phenyl diphenylcarb- 
amate, tribenzylamine, diphenyl phthalate, triphenylacetic acid, 
tribenzoin, triphenylphosphine, triphenyl phosphate, tri-o-toly] 
phosphate, tri-p-tolyl phosphate, and tetraphenylsilicane. 

The experimental methods have been described before. Owing 
to the easy decomposition of some of the substances, and the lack 
of volatility cf others, only a few of the vapours were examined. 
In these cases the absorbing tube was filled with nitrogen, and the 
vapours were investigated under increased and decreased pressures 
and varying temperatures. For the solutions the substances were 
dissolved in alcohol, except tribenzylamine, which was dissolved in 
ether, and tetraphenylsilicane, which was dissolved in chloroform. 
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Solutions. 


s-Diphenylearbamide (Fig. 1, I1)—The curve shows a single 
wide band. There are no clear indications of any of the benzene 
solution bands, although there may be indications of traces of 
these bands, as shown by the somewhat rapid extension of the rays 
between 1/A 3650 and 1/A 3850 (A2740—A 2600). 

as-Diphenylcarbamide (Fig. 1, III)—The large band noticed in 
s-diphenylcarbamide has almost disappeared. There are doubtful 
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indications of traces of the benzene bands where the rays rapidly 
step out between 1/A 3700 and 1/A 3900 (A 2700—A 2560). The 
rapid absorption of the light towards the red end, as the thickness 
of the solution increases, is noticeable, as well as the greater shift 
of the line of general absorption as compared with that of the 
symmetrical compound. . 

s-Diphenylthiocarbamide (Fig. 1, IV).—There is a single wide 
band, the head of which is at 1/3600 (2777), and which is 
shifted more towards the red end than that of s-diphenylcarbamide. 


1374 PURVIS: THE ABSORPTION SPECTRA OF VARIOUS SUBSTANCES 


There is also a much greater shift of the line of general absorption 
towards the red. 

Dibenzylcarbamide (Fig. 1, 1).—-This substance shows three weak 
narrow bands. The general appearance of these bands is not unlike 
the toluene solution bands described by Baly and Collie (T., 1905, 
87, 1332), but they are much weaker and more diffuse. The large 
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band which appears, as the thickness of the solution increases, is 
not so persistent as the corresponding phenomenon of the toluene 
band. The widening out of the most refrangible of the three 
bands, and the rapid extension of the rays between 1/A 3950 and 
1/A 4200 (A 2530—a 2380) probably represent the remnants of the 
more refrangible benzene bands. 

Triphenylguanidine (Fig. 2, II1).—One large band was observed, 
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and the shift of the iine of general absorption towards the red 
end is very striking. Guanidine carbonate, dissolved in hydro- 
chloric acid, was also examined in M//0- and M/10-solutions, but no 
band was discovered, and the solutions were very transparent. 
The positions where the rays were absorbed in guanidine hydro- 
chloride at various thicknesses were. 


mm. A. 1/A. 

M/0-solution 60 2850 3508 
2750 3634 

2650 3772 

2600 3845 

2580 3874 

2450 4080 


M/10-solution 2250 4442 
2 2190 4563 
2140 4670 


Phenyl Diphenylearbamate (Fig. 2, I1)—Ne band was observed, 
but there was a definite indication of a fairly rapid extension of 
the rays between about 1/3650 and 1/A 3750 (A 2740—A 2665), 
indicating a weak benzenoid band. The better marked extension 
between 1/A 4000 and 1/A 4400 (A 2590—A 2270) may also be 
noticed. 

Tribenzylamine (Fig. 2, 1).—The substance was dissolved in 
ether, and the solution showed three bands which were not unlike 
the toluene solution bands, but they are much weaker, and they 
do not widen out into the large wide band of toluene. The author 
has previously described some observations with M/100-solutions of 
benzylamine (T., 1910, 97, 1546). In order to compare this 
substance with tribenzylamine, a M/10-solution has been examined 
to see if there were any traces of a weaker band in the less 
refrangible regions. There appeared to be a fairly rapid step-out 
of the rays between 1/3400 and 1/3630 (A 2940—A2750) at 
thicknesses of 30 mm. to 40 mm. Purvis and McCleland (loc. cit.) 
noticed a rapid step-out of the rays in a J//100-solution of dibenzyl- 
amine between 1/3200 and 1/4 3600 (A 3120 —A 2770), at thick- 
nesses of 14 mm. and 28 mm. It will be noticed that this has 
practically disappeared in tribenzylamine. In benzylamine there 
was also a rapid step-out of the rays between 1/A 3650 and 1/A 3840 
(A 2740—a 2600) of the more refrangible band, which probably 
indicates traces of the toluene bands. In dibenzylamine also there 
were indications of these bands in the region of the more refrang- 
ible band, between 1/A 3900 and 1/A 4000 (A 2560—A 2500). Now, 
in tribenzylamine, these toluene bands are fairly well marked. 
The oscillation centres of the benzene residue and the amino- 
group therefore react on one another in these three compounds; 
for Hartley (Phil. Trans., 1879, 170, i, 257) has shown that 
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solutions of aniline have two bands, one at A 285—A274 and 
another at A 240—a 230. In benzylamine and dibenzylamine there 
are traces of a less refrangible band corresponding with the less 
refrangible aniline band, whereas this has disappeared in tri- 
benzylamine. On the other hand, the three toluene bands are 
strengthened in tribenzylamine as compared with the corresponding 
phenomena of the more refrangible band of benzylamine and of 
dibenzylamine. 

Diphenyl Phthalate (Fig. 3, II1).—The solution indicates one 
very weak band. Hartley and Hedley (T., 1907, 91, 316) showed 
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that phthalic acid itself has a weak band, the head of which was 
at about 1/A 3630 (A2754). The head of the band of diphenyl 
phthalate is at 1/A 3500 (A 2856), so that the shift towards the red 
end is definite. 

Tribenzoin (Fig. 3, I1)—There is one weak band at 1/aA 3600 
(A 2780), and there is a fairly rapid extension of the rays between 
1/4100 and 1/A 4600 (A 2430—A 2160), which may indicate the 
beginning of a large band extending into the Schumann region. 
It should be recalled that Nutting (Phys. Rev., 1901, 18, 193) 
showed that there was a sharp absorption of glycerol beginning at 
1/4165 (A 2400). 
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Triphenylacetic Acid (Fig. 3, I).—There is no well-marked band, 
but the rapid step-out of the rays between 1/3700 and 1/4000 
(A 2700—a 2500) indicates a weak one. This must be produced by 
the aromatic radicle for Bielecki and Henri (Ber., 1912, 45, 2819; 
1913, 46, 1304), and Hantzsch and Scharf (Ber., 1913, 46, 3570) 
state that acetic acid has no band. 

Triphenyl Phosphate (Fig. 4, I).—There are two fairly strong 
bands which open out into a large one as the thickness of the 
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solution increases. The absorptive power of the compound is not 
so great as that of triphenylphosphine (Fig. 3, III), for the line 
of general absorption is shifted much more towards the more 
refrangible regions. 

Tri-o-tolyl Phosphate (Fig. 5, I)—The solution showed two 
bands, the general appearance of which is not unlike that of the 
two bands in triphenyl phosphate, but they are shifted a little 
more towards the red end. 

Tri-p-tolyl Phosphate (Fig. 5, I1).—There are two bands which 
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are very similar to those of the ortho-compound, except that they 
are weaker, and are shifted more towards the red end. 

It may be mentioned that the bands in these three phosphate 
compounds are not unlike those found in diphenyl ether, pheny] 
benzyl ether, and anisole (Purvis and McCleland, loc. cit.), except 
that the large band into which the two smaller ones widen as the 
thickness increases is more persistent in the phosphate derivatives. 

Triphenylphosphine (Fig. 4, I1I)—The solution shows indica- 
tions of a very weak wide band in very dilute solution; and the 
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I. Tri-o-tolyl phosphate. II. Tri p-tolyl phosphate. 


great absorptive power of the substance is very noticeable as 
compared with the triphenyl phosphates. 

Tetraphenylsilicane (Fig. 4, II).—The substance is almost 
insoluble in alcohol, but it is more readily soluble in chloroform. 
In the latter solvent it shows the presence of three very weak bands 
which are not unlike the remnants of three benzene or toluene bands. 
The bands are placed more widely apart than the toluene bands 
described in tribenzylamine, for example. It is also noticeable 
that tetraphenylsilicane is much more transparent than triphenyl- 


phosphine. 
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Vapours. 


The vapours of the following substances were examined in a 
200 mm. tube at different temperatures and pressures. 


Triphenyl phosphine. 
Pressure 

t. in mm. 

120 740 The rays were transmitted to A 2190. 

130 740 The rays were transmitted to A 2270; although 
there was some weakening from about A 2500. 

140 740 The rays were transmitted to A 2700; but the Cd 
lines 2573, 2329, 2321, 2313, 2288, 2265 were 
visible. 

150 740 The rays were transmitted to A 2800. 

160 740 ‘ a A 2900. 

170 740 ie - A 3000. 


There was no appearance of the numerous benzene vapour bands. 
The absorption is comparable with that of the solution of the 
substance; that is, there are indications of a very weak band 
between A 2500 and A 2300. 


Triphenyl Phosphate. 


Pressure 
in mm, 

768 The rays were feebly absorbed between about 
A 2710—a 2695 and between A 2630—a 2610, 
and then transmitted to A 2140. 

768 The rays were feebly absorbed between A 2710— 
A 2695 and between A 2630—a 2605, and then 
transmitted to A 2160. 

768 The rays were moderately well absorbed between 
A 2715—a 2690 and between A 2635—a 2600, 
and then transmitted to about A 2190. 


There was no trace of any of the vapour bands of benzene, and 
the phenomena are comparable with the solution bands of the 
substance. 


Phenyl Diphenylcarbamate. 
Pressure 
in mm. 
768 The rays were transmitted to A 2140. 
768 The rays were transmitted to about A 2190, but 
they were weak from about A 2450. 
768 The rays were absorbed from A 2480, but the Cd 
lines 2321, 2313, 2288, and 2194 were just visible. 


Again, there was no trace of any of the vapour bands either 
of benzene or of aniline. The phenomena are comparable with 
those of the substance in alcoholic solutions. 
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General Results. 


The outstanding feature of these observations is that the vapours 
of several substances containing three benzene nuclei exhibit 
none of the well-known vapour bands of benzene or toluene. This 
is exactly similar to the observations of the vapours of various 
substances previously examined containing two benzene residues 
(loc. cit.). There has been no strengthening of the benzene vapour 
bands. No matter in what combinations the benzene nuclei were 
placed, no vapour bands like those of benzene were produced. The 
phenomena were strictly comparable with the solution phenomena of 
the substances. 

The solutions of the substances exhibit striking differences 
amongst themselves. If, for example, the derivatives of carbamide 
are considered, s-diphenylcarbamide shows a single wide band which 
completely disappears in the as-compound. The symmetrical vibra- 
tions of the one are almost destroyed in the other. It appears as 
if the closer proximity of the benzene nuclei damps their vibrations 
to such an extent that the benzene solution bands and the wide 
band of s-diphenylcarbamide are all destroyed. When, however, 
the benzene nuclei are separated by an aliphatic residue, as in 
dibenzylearbamide, the residues of the solution bands of benzene 
(the three toluene bands) are distinctly seen. They do not approach 
the strength and persistency of the toluene bands themselves, and 
this is probably a result of the vibratory oscillations of the benzene 
(or toluene) reacting with the other vibrating centres of the 
molecule. The solution of s-diphenylthiocarbamide shows somewhat 
similar results to that of s-diphenylearbamide. The well-marked 
band indicates a symmetrical series of vibrations or oscillations 
like the latter. The greater absorptive power of the sulphur atom 
in the compound may explain the greater shift of the band, and 
the line of general absorption, towards the red end. The general 
absorption approaches closely towards the region of the visible 
spectrum. It has been noticed before that the replacement of 
oxygen by sulphur produces a marked increase in the absorptive 
capacity of compounds, and in some instances the production of 
colour often results (Purvis, Jones, and Tasker, T., 1910, 97, 2287; 
Fox and Pope, T., 1913, 104, 1262; Hantzsch and Scharf, Ber., 
1913, 46, 3570). 

The absorptive capacity of triphenylguanidine is also very strik- 
ing and the curve shows a definite resemblance to that of dipheny]- 
thiocarbamide, both in its form and in the great shift of the line of 
general absorption towards the red end. It may be that the 
absorptive power is connected with the unsaturated condition of 
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the nitrogen atoms, as well as the benzene radicles, although guani- 
dine itself has no band in the extreme ultra-violet regions which 
can be examined by a photographic plate. There is no appearance 
of any of the benzene solution bands, and the shift towards the red 
end brings the line of general absorption almost impinging on the 
regions of the visible spectrum. In phenyl diphenylcarbamate, 
however, there are some weak indications of a benzenoid band, and 
the substance’is more transparent. This may be connected with the 
presence of only one unsaturated nitrogen atom, whereas the 
guanidine derivative has three. 

In tribenzylamine the appearance of three weak toluene bands 
is evident. As in dibenzylearbamide, the benzene nuclei are 
screened from the amino-group, and their vibrations are more 
independent. There is a greater freedom of movement, and the 
toluene bands appear, although they are much weaker and less 
persistent than those of toluene itself. Baker (T., 1907, 91, 1490) 
states that triphenylamine has one large band, the head of which 
is at 1/A 3400 (A 2940), and the line of general absorption, as well 
as the band, is shifted considerably towards the red end as com- 
pared with tribenzylamine. The observation supports the sugges- 
tion as to the freer movements within the molecule of tribenzyl- 
amine. That the amino-group exerts a definite influence, however, 
is indicated by the fact that the bands of tribenzylamine are much 
weaker than the toluene bands; and, with this, the differences in 
the absorption phenomena of benzylamine and dibenzylamine 
referred to before must also be considered. 

The weak band in triphenylacetic acid probably means that the 
vibrations of the three phenyl groups are sufficient to produce a 
weak benzenoid band, although the acetic acid radicle exerts a 
powerful damping effect. On the other hand, the benzenoid band 
is more evident in diphenyl phthalate, and it is not unlike the 
tribenzoin band. The vibrations of the benzene radicles have, 
however, strengthened the weak band of phthalic acid itself, 
although there is no appearance of the separate bands of benzene. 

The solutions of triphenylphosphine indicate the presence of one 
very weak shallow benzenoid band, whereas triphenyl phosphate and 
the tritolyl phosphates show two of the benzene bands, together with 
a very large band which is produced as the thickness of the solu- 
tion increases. So that, again, the less intimate connexion of the 
benzene radicles with the acid radicle of the phosphates results 
in a freer movement, whereby the vibrations are such as to produce 
some of the characteristic benzene bands. In triphenylphosphine, 
on the other hand, the closer union between the phosphorus atom 
and the benzene residues restricts the oscillatory effects between 
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the various vibrating groups, aud the bands almost disappear. 
In tetraphenylsilicane, however, there are three weak bands, and 
it is more transparent than triphenylphosphine. Similar results 
were observed by Purvis and McCleland (Joc. cit.) in chloroform 
solutions of mercury diphenyl, mercury dibenzyl, und arsenic 
triphenyl, which exhibited no absorption bands, and were remark- 
ably transparent. It may be that heavy atoms, like mercury and 
arsenic, dislocate or damp the vibrations of benzene, whereas the 
lighter atoms of phosphorus and silicon do not completely destroy 
them, and the more powerful influence of four benzene nuclei in 
tetraphenylsilicane develops some remnants of the benzene bands. 

It is clear, also, that the general absorption does not depend 
on the weight of the molecule; for example, the shift towards the 
red is more marked in diphenyl phthalate than in tribenzoin, a 
much heavier molecule; it is much greater in triphenylguanidine 
than in phenyl diphenylcarbamate; in the diphenylcarbamides it 
is much greater than in dibenzylcarbamide, and in tripheny]- 
phosphine much more than in the triphenyl phosphates. 

It is suggested generally that the radiant energy of the source 
of light reacts differently on different atomic groups, and that the 
oscillatory discharges thereby set in motion, which may be elec- 
tronic and on which absorption depends, are controlled by the 
relationships between the nature and type of the various oscillatory 
centres; for example, the unsaturated valencies of phosphorus in 
triphenylphosphine may account for its great absorptive powers; 
whereas there are no free valencies in triphenyl phosphate and the 
tritolyl phosphates, and the substances are more transparent. In 
tetraphenylsilicane the valency of silicon is fully neutralised. The 
substance is very transparent, and the possession of remnants of 
the benzene bands indicates that the vibrations of the benzene 
radicles are more than sufficient to neutralise the effect of silicon 
itself. The influence of the amino-group in tribenzylamine is con- 
siderably decreased by the three benzene (or toluene) radicles, as 
compared with its influence in aniline, benzylamine and dibenzyl- 
amine. The three radicles strengthen one another, as well as partly 
neutralise thé influence of the amino-vibrating centre. The valency 
of the methyl group in triphenylacetic acid is also fully neutralised, 
but the oscillatory discharges are not completely damped, for their 
influence is visible in a weak benzenoid band. In tribenzoin and 
diphenyl phthalate the vibrations between the oscillatory centres 
do not completely neutralise each other, and a weak benzenoid 
band is evident in each case. In the diphenylcarbamides the closer 
proximity of the vibrating centres produces an elimination of the 
benzene bands, whereas in dibenzylearbamide some of the bands 
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are evident. That the CO- and CS-groups are also factors in the 
final result is evident, however, from the remarkable absorptive 
power of diphenylthiocarbamide as compared with diphenylcarb- 
amide. The valency of the sulphur atom in the former is not 
completely saturated, and the attraction between the carbon and 
sulphur is thereby less than that between carbon and oxygen. The 
oscillatory vibrations of the sulphur are not completely damped, 
and the result is manifest in the greater shift of the benzenoid 
band and the line of general absorption towards the red. In the 
guanidine derivative the oscillatory movements of the three un- 
saturated nitrogen atoms may be of paramount importance in the 
striking absorption of the compound, whereas in the carbamate 
derivative the influence of the single unsaturated nitrogen atom 
is not sufficient to overpower the oscillatory effect of the benzene 
radicles. At the same time the unsymmetrical arrangement of the 
latter may account for the almost complete destruction of the 
benzenoid band, a phenomenon which is not unlike that observed 


in as-diphenylcarbamide. 


I desire to thank the Government Grant Committee of the 
Royal Society, by whose assistance a part of the cost of the 
research was defrayed. 
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CXXIX.—The Alloys of Aluminium and Silicon. 
By Cuartes Epwarp Roserts. 


Tue alloys of aluminium and silicon have been represented (W. 
Fraenkel, Zeitsch. anorg. Chem., 1908, 58, 154) as forming a 
simple eutectiferous series, but a study of the points obtained 
showed that a curve drawn to include all the points exhibited a 
singularity at about 1200°, which could be explained by either, 
(a) the existence of a compound of the two elements dissociating 
completely at a temperature in the neighbourhood of 1200°, or (0) 
the transformation of silicon to an allotropic form stable above 
that temperature. In order to determine whether the conclusions 
arrived at by Fraenkel were correct, or whether either of these possi- 
bilities represented the true state of affairs, the thermal diagram 
was carefully reinvestigated, and the information derived from 
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that was compared with that obtainable from a microscopic study 
of the alloys. 
EXPERIMENTAL. 


The alloys were prepared by fusing the aluminium and silicon 
together in fire-clay pots, with the addition of cryolite as flux, which 
dissolved the tenacious film of oxide formed on the surface of the 
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metal, thus allowing the ready solution of the silicon. By this 
means, alloys containing more than 70 per cent. of silicon were 
obtained. The fused cryolite, however, vigorously attacked silica 
and porcelain tubes and silica cement used to guard the thermo- 
couple, and before taking the cooling curves the alloys were poured 
into plumbago pots. A disk of carbon fitting inside the pot, and 
perforated to allow the introduction of the thermo-couple, effectu- 
ally prevented oxidation. A platinum—platinum-rhodium thermo- 
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couple was used, protected by a coating of a cement made by mix- 
ing “alundum ” with a solution of sodium silicate. This withstood 
temperatures up to the melting point of nickel (1450°), at which 
) temperature silica tubes softened. The screen on which the curves 
were plotted was calibrated after the examination of every alloy, 
} the metals used as standards being zinc (419°), silver antimony 
| eutectic (485°), antimony (629°5°), Levol’s alloy (778°6°), silver 
: (960°), copper (1080°), and nickel (1450°). 
| The alloys were analysed after the thermal examination, in most 
cases the aluminium alone being determined, since it was ascer- 
tained by complete analysis that no appreciable amount of impurity 
was being taken up in the process of making the alloys.* 

Materials—Analysis of the materials used showed that there 
were no impurities that could disturb the nature of the curve 
obtained. The method of analysing the silicon was as follows. The 
finely-powdered silicon was dried for some hours over sulphuric 
acid, and a known weight of it heated in a stream of dry chlorine, 
the chlorides formed being passed into water. The residue, to 
which any iron and aluminium carried over as chlorides with the 
silicon chlorides was added, was then analysed. The carbon was 
determined by a separate combustion in oxygen. 

The aluminium used contained: Si=0°29, Fe=0°51, Ca=trace, 
Al=99°2 (by difference) per cent. 
The silicon used contained: SiO0,=3°87, Fe=0°61, Al=0°80, 
C=0°32, Si=94°40 (by difference) per cent. 
The loss of weight by heating in chlorine was 95°6 per cent. 
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* These figures are only approximate as an accident prevented analysis. 
The quantities given in the table are those actually determined. 


* In these determinations it was found that the filtration and washiag of the 
precipitated aluminium hydroxide were greatly accelerated by the addition of a 
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Conclusions. 


The curve obtained was that of a simple eutectiferous series, and 
the silicon branch exhibited no singularity whatever, thus definitely 
establishing the conclusions arrived at by Fraenkel. That no com- 
pound is formed is supported by the fact that no silicon hydride 
could be detected when the alloys were dissolved in acids. The 
plotted eutectic arrests also bear out this conclusion. Further 
information is derived from a microscopic study of the structure 
of the alloys. The silicon appears to crystallise in plates arranged 
in five- or six-rayed stars. This is shown in Fig. 3, which repre- 
sents an alloy containing 30 per cent. of silicon, cooled fairly 
slowly. Fig. 4 shows an alloy containing 85 per cent. of silicon, 
and the structure differs in degree, but not in kind, from that 
shown in Fig. 3. Fig. 1 shows an alloy with excess of aluminium, 
the aluminium being arranged in characteristic branched forms. 
Fig. 2 shows an alloy of very approximately eutectic composition 
after very slow cooling. 


This research was carried out in the metallurgical department of 
the Cambridge University Laboratory, and the author’s thanks are 
due to Mr. C. T. Heycock for many valuable suggestions and 
kindly advice throughout the research. 
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CXXX.— Partially Methylated Glucoses. Part III. 
Monomethyl Glucose. 


By James CoLqunoun Irvine and THomas PercivaL Hoce 
(Carnegie Scholar). 


Ow1ne to the experimental difficulties encountered in the prepara- 
tion of even a few grams of monomethyl glucose, the examination 
of this sugar (Irvine and Scott, T., 1913, 103, 564) has, so far, 
been limited to the partial separation into a- and f-forms, and the 
formation of a methylglucoside and phenylosazone. In view of the 
pulped filter paper immediately before precipitation. The precipitates were washed 
with a dilute solution of ammonium nitrate, and before the final ignition it was 
found of great advantage to add a few drops of sulphuric acid, which appears to act 
by virtue of the fact that aluminium sulphate is more readily decomposed to the 
oxide than is aluminium hydroxide. 


PARTIALLY METHYLATED GLUCOSES. PART III. 1387 


fact that incompletely methylated glucoses are likely to be 
encountered among the hydrolysis products of alkylated poly- 
saccharides, it was considered necessary to examine the compound 


in greater detail. 
Constitution of the Sugar. 


The alkyloxy-group present in the form of monomethyl glucose 
prepared from glucosediacetone was originally assigned to the 
terminal position in the sugar chain, but this view was rendered 
doubtful as a result of Macdonald’s investigation on the condensa- 
tion of glucose with acetone (T., 1913, 103, 1896). We have, how- 
ever, now shown that, on drastic oxidation with nitric acid, under 
conditions which convert sugars into dibasic acids, a monomethyl 
gluconolactone is the only product obtained from monomethyl 
glucose. It would therefore appear that the methyl] group replaces 
the hydrogen of the primary hydroxyl group, and thus precludes 
the formation of a dibasic acid. This result, together with the fact, 
previously established, that the sugar gives the same phenylosazone 
as is obtained from monomethyl fructose, confirms our original 
view, and establishes the constitution to be: 

H H OH H 
OMe-CH,-C—-C—-C——C—CH-OH (a and ). 
oH | H_ O8 | 
O 

Considering the number of unsubstituted hydroxyl groups present 
in the molecule, the sugar is capable of entering into remarkably 
few condensation reactions. It certainly yields glucosides, both by 
the hydrogen chloride method and through the agency of the acetyl 
bromide reaction, but it does not condense with benzaldehyde. 
This is surprising, as glucose forms a dibenzylidene derivative, and, 
moreover, the same hydroxyl groups which were originally coupled 
with isopropylidene residues are in this case available for reaction 
with the aldehyde. Another striking example of the influence of 
configuration in controlling the reactions of polyhydroxy-compounds 
is furnished by the negative properties of monomethyl methyl- 
glucoside. Unlike the parent sugar, the compound failed to con- 
dense with acetone, so that, in the particular case of the glucose 
configuration, the capacity to react with the ketone seems to be 
entirely lost when alkyloxy-groups are situated in both of the 
terminal positions of the sugar chain. It will be observed by 
inspection of the above structural formula that this result is not 
without significance, as the two pairs of hydroxyl groups which 
could participate in the reaction occupy ¢rans-positions, and are 
thus unfavourably situated for reactions of this type. 
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In connexion with the question of the constitution of the sugar, 
it may be advisable to point out that the results now communicated 
do not invalidate Macdonald’s conclusions as to the mechanism 
of the condensation of glucose with acetone. Glucosediacetone is 
doubtless a mixture of a- and §-forms, and in all probability 
several isomerides are present, even in specimens of the compound 
which have been crystallised until the melting point and specific 
rotations are constant. a- or B-Isomerism of glucosediacetone would 
not, of course, affect the constitution of the sugar obtained from 
these compounds by methylation and hydrolysis, and it is evident 
that the essential product formed on the complete condensation of 
glucose with acetone contains an unsubstituted primary hydroxyl 
group. We have, however, obtained evidence that at least one 
other isomeride of glucosediacetone exists, and this may correspond 
with one of the forms indicated by the results of Macdonald’s work. 
This isomeric form seems to constitute about 20 per cent. of 
ordinary glucosediacetone. 


A pplication of Hudson’s Rule to Monomethyl Glucose. 


In previous communications on this subject (Joc. cit., and T., 


1913, 108, 575) it was stated that whereas the molecular rotations 
of dimethyl a- and f-glucose agree remarkably well with the 
generalisation established by C. S. Hudson (J. Amer. Chem. Soc., 
1909, 31, 66), the corresponding values for the stereoisomeric 
monomethyl glucoses do not conform to the rule. It was, how- 
ever, pointed out that this discrepancy was probably due to the 
fact that, with the small quantities of material at our disposal, 
the B-isomeride could not be isolated in a pure, stereochemical form. 
This conclusion has now been verified, and the optical] values for 
the pure a- and #-forms correspond exactly with the requirements 
of Hudson’s rule. 

Monomethyl a-glucose, when crystallised several times from 
methyl alcohol, and thereafter shaken with the same solvent in 
insufficient amount to dissolve the whole of the material, showed 
the maximum melting point 160°5—161°, and exhibited the follow- 
ing mutarotation : 


Solvent. Initial [a],. Permanent [a],. 
Methyl alcohol + 107-6° — > +68-5° 


The values differ slightly from those previously recorded, as the 
melting point and initial specific rotation were originally found to 
be 157—158° and +98°6° respectively. The permanent value when 
equilibrium is established is, however, in good agreement with our 
previous figure (68°0°). 
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The separation of the B-form was, in the first instance, effected 
in the manner already described, but with the larger quantity of 
material available it was possible to extend the purification until 
a pure stereochemical form was obtained. This was accomplished, 
as explained in the experimental part, by taking advantage of the 
fact that the B-sugar, unlike the a-form, is soluble in cold acetone. 
By extracting mixtures consisting essentially of the S-form with 
this solvent, and ‘crystallisation of the dissolved sugar, a specimen 
of the compound, melting at 133°5—135° and showing [a], + 24°4°, 
was obtained. These values remained unaltered on repeating the 
treatment with acetone, and are now regarded by us as the constants 
for this isomeride in place of our former figures. The mutarotation 
observed was: 

Solvent. Initial [a],. Permanent [a],. 
Methyl alcohol + 24-4° —<— + 68-3° 


According to Hudson, the molecular rotation of a sugar is essenti- 
ally dependent on two factors: (1) the optical effect of the asym- 
metric system containing the reducing group, and (2) the rotatory 
power of the remaining asymmetric systems. If A and B repre- 
sent, respectively, these two factors, expressed as molecular rota- 
tions, we have: 

Monomethyl a-glucose: [M], = 20874 = + A+B 
Monomethyl 8-glucose: [M], = 4733 = — A+B 

As in the case under consideration the sugar is substituted in 
the non-reducing part of the molecule, the sum of the molecular 
rotations (2B) should be different from the similar value obtained 
for glucose, but the difference (2A) should be identical with that 
found for glucose. This is now shown to be the case within the 
limits of experimental error : 

Molecular Rotations. 


Sum (2 B). Difference (2 A). 


a- and 8-Glucose 16200 
Monomethyl a- and £-glucose 16141 


The values for 2B are thus divergent to the extent of 10 per 
cent., and those of 2A agree to within 0°4 per cent. In obtaining 
this result, Hudson’s rule has been subjected to a severe test. 
Owing to the convenient solubilities of monomethyl glucose, and 
the fact that in all the solvents used in the separation of the two 
forms, and in the determination of their activities, the mutarota- 
tory changes are exceedingly slow, it is possible to separate the a- 
and B-forms completely, and to obtain the true initial rotations of 
the isomerides with a degree of accuracy which is unattainable with 
unsubstituted sugars. It may, however, be urged that the rotatory 
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values of a- and f-glucose in aqueous solution are here being com- 
pared with those of the methylated sugar in methyl-alcoholic solu- 
tion. This constitutes no objection to the comparison, as the 
methylated glucoses and their glucosidic derivatives uniformly dis- 
play practically identical rotations in all ordinary solvents. This is 
particularly noticeable in comparing activities in aqueous and 
alcoholic solutions, and numerous examples of the generalisation will 
be found in previous papers from this laboratory. The uniformity 
applies equally well to both reducing and non-reducing derivatives, 
and extends from the monomethylated glucoses to the penta- 
methylated compounds. This remarkable property seems in some 
way to be connected with the glucose configuration, as it is not 
shown by methylated galactoses, mannoses, rhamnoses, arabinoses, 
or mannitols. 

It may be noted that, when special precautions are adopted to 
secure the absence of catalysts, the mutarotation of monomethyl 
glucose in methyl alcohol is so slow that the transformation 
a = 8B remains practically suspended. A more emphatic ex- 
ample of “suspended mutarotation” was obtained in the case of 
monomethyl glucoseanilide, which was prepared as a convenient 
reference substance which would be suitable for the identification 
of this sugar in future work. When dissolved in pure methyl 
alcohol, the compound showed a constant specific rotation, but dis- 
played extensive and instantaneous mutarotation on the addition 
of a trace of acid. On the other hand, small quantities of alkali 
were without effect on a solution of the metastable form. This 
result is in agreement with the views expressed by Acree as to the 
mechanism of these and similar changes. 


Action of Ferments on Monomethyl Glucose. 


We are indebted to Professor A. Harden for an examination of 
the behaviour of monomethyl glucose towards fermentation agents. 
His report is to the following effect: (1) Living yeast (top yeast) 
was without action on the sugar; (2) maceration extract, prepared 
from dried Munich yeast (bottom yeast) by Lebedev’s method, also 
gave a negative result; (3) a 0°5 per cent. solution in 1 per cent. 
peptone was tested with seven species of bacteria, all of which give 
either acid, or acid and gas, with glucose. In only one case was 
a positive result obtained. Bacillus Cloace (Jordan) yielded 
acid and gas, but the action on the methylated sugar was much 
slower than on glucose, and is possibly preceded by the removal of 
the methyl group. On the other hand, B. coli communis, B. lactis 
aerogenes, B. proteus, B. puratyphosus, B. typhosus, and Staphylo- 
coccus pyogenes aureus were without action. These negative 
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results are not without importance, in view of the spatial displace- 
ment of the alkyloxy-group from the part of the sugar molecule 
which is generally believed to have most effect in controlling enzyme 
action generally. 


EXPERIMENTAL. 
Preparation of Monomethyl Glucose. 


The method adopted for the preparation of the methylated sugar 
was essentially the same as that already described (loc. cit.). 
Thirty grams of pure glucosediacetone (1 mol.) were converted 
into monomethyl glucosediacetone by the joint action of methyl 
iodide (7 mols.) and silver oxide (34 mols.). The product, which 
was obtained in good yield, boiled at 167°/23 mm., and showed 
My 1°4515. Several changes were introduced in the removal of 
the acetone residues by hydrolysis. Twenty-one grams of freshly- 
distilled monomethyl glucosediacetone were dissolved in 410 c.c. of 
50 per cent. aqueous alcohol containing 1°64 grams of hydrogen 
chloride, and the solution was heated in boiling water under a 
condenser for two hours. After neutralisation with silver 
carbonate, the filtered solution was shaken with animal charcoal 
and evaporated to a syrup under diminished pressure. The residue 
was then dissolved in warm methyl alcohol, and the solution shaken 
successively with blood charcoal and ignited silica until a clear 
filtrate was obtained. On removal of the solvent, first on a water- 
bath and finally in an exhausted desiccator, a clear syrup remained, 
from which, on nucleation, 14°1 grams of monomethyl glucose 
separated in the crystalline state. The compound, which was crisp 
and free from gummy impurities, was recrystallised from methyl 
alcohol. 


Isolation of Pure Monomethyl a-Glucose. 


After a preliminary crystallisation from methyl alcohol, 14 grams 
of the sugar were dissolved in 175 c.c. of the same solvent (dried 
over calcium), and the solution concentrated in a vacuum at the 
ordinary temperature until the volume diminished to 37 cc. A 
crop of the sugar weighing 5 grams (m. p. 157—158°) separated at 
this stage, and further concentration of the solution yielded an 
additional quantity weighing 2°1 grams, and melting at 159—160°. 
Owing to the extreme viscosity of the solution, and the consequent 
difficulty in draining the crystals free from mother liquor, no 
attempt was made to isolate the sugar remaining in solution, and 
the further purification of the a-form was continued on the 7°1 
grams obtained as described above. 

A third crystallisation from methyl alcohol failed to increase the 
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melting point beyond 159—160°, and the following mutarotation 
was then observed : 


Solvent: Methyl alcohol, c=1°3945; ¢=19°. 


Time from first contact of solvent. Specific Rotation. 


15 minutes + 104-4° 
102-6 


86-8 
68-5 (constant) 


The final purification of the sugar consisted in washing with a 
small quantity of cold methyl alcohol, in order to remove traces of 
the B-form. The efficiency of this treatment, which was repeated 
six times, depends on the greater solubility of the f-isomeride and 
the low velocity of the change a —> 8 in cold methyl alcohol. The 
melting point attained the maximum value, 160°5—161°, but the 
initial specific rotation showed very little alteration. 

Solvent: Methyl alcohol, c=0°770; ¢=19°. 

Initial [a],, determined eight minutes after adding the solvent = 

104°6°. 

Permanent [a],, after 160 hours=68°5°. 

It should be stated that, even with the low concentration used 
in the experiment quoted above, gentle warming of the solvent was 
necessary before the sugar could be brought rapidly into solution. 
In order to overcome this difficulty, the sugar was very finely 
powdered before use, and it was thus possible to effect complete 
solution in the cold and make the first polarimetric reading within 
three minutes of the first contact of solvent and solute. Under 
these conditions, the initial specific rotation observed was slightly 
higher. 

Solvent: Methyl alcohol, c=0°604; ¢=19°. 

Initial [a], + 107°6° —> Permanent [a], 68°5°. 

The above value of 107°6° is accordingly taken as the maximum 
initial rotation of the pure a-form, as in view of the fact that the 
spontaneous mutarotation is exceedingly slow, no correction is 
necessary for the time which elapsed before the first reading was 
taken. 


Isolation of Pure Monomethyl B-Glucose. 


Owing to the ease with which the sugar forms supersaturated 
solutions in organic solvents, considerable difficulty was experienced 
in isolating the B-form in the pure state. The method finally 
adopted was to precipitate the bulk of the a-form from a concen- 
trated solution of the equilibrium mixture in methyl alcohol by the 
addition of acetone. Thereafter, the filtrate was nucleated with 
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the B-isomeride, which separated slowly from the solution on 
cooling. 

7°5 Grams of the pure a-form of the sugar were dissolved in 
200 c.c. of methyl alcohol, and the solution was boiled for two 
hours under a condenser in order to attain equilibrium. The 
solvent was removed until the volume was reduced to 10 c.c., after 
which 20 c.c. of pure, dry acetone were added. The sugar thus 
precipitated weighed 5°1 grams, and consisted almost entirely of 
the a-form; on nucleation of the filtrate, 0°9 gram of the 
B-isomeride, melting at 134—135°, separated on keeping overnight. 
By repeating the above operations with fresh quantities of the 
a-sugar, it was possible to accumulate the 8-form from equilibrium 
mixtures of the two isomerides, but difficulty was experienced in 
obtaining pure crops, as the compound showed a tendency to 
separate between two layers of the a-modification. In addition, 
imperceptible variations in the concentration of the alcoholic solu- 
tions or in the amount of acetone added as a precipitant resulted 
either in the crystallisation being unduly delayed or in the com- 
plete precipitation of the dissolved material. All the crops show- 
ing the correct crystalline form, and melting between 133° and 
135°, were collected, and finally purified by washing with an 
amount of cold acetone insufficient to dissolve the whole of the 
material. The extract was concentrated in a vacuum in the cold, 
and in this way a uniform specimen of the 8-compound, consisting 
of delicate, felted prisms, melting at 133°5—-135°, was obtained. 
As the sugar was readily soluble in cold methyl alcohol, no difficulty 
was experienced in obtaining the initial reading three minutes 
after the solvent was added. The minimum specific rotation 
observed was + 24°4°. 

Solvent: Methyl alcohol, ¢e=1°6207 ; ¢=20°. 

Initial [a], +24°4° —> Permanent |a],, 68°3°. 

The mutarotation was much slower than in the case of the 
a-form, as constant readings were only obtained after three weeks, 
but the value then observed was in good agreement with that 
previously found. 


Relative Stability of the a- and B-Forms. 


The less soluble a-modification is the stable form at ordinary 
temperatures, and may be preserved unaltered in crystalline form, 
melting point, and specific rotation for several months. On the 
other hand, the f-isomeride is spontaneously converted into the 
a-form comparatively rapidly. Thus, a specimen of the compound 
originally showing [a], 24°4°, when preserved in a stoppered flask 
for a week, gave, under duplicate conditions, the initial specific 


1394 IRVINE AND HOGG: 


rotation 33°7°. This discrepancy in the initial values must be due 
to conversion into the a-form, as the permanent specific rotation 
was normal (68°3°). Evidence was also obtained that the a-variety 
is the more stable form in the neighbourhood of 130°, as, in deter- 
mining the melting point of the purest specimens of the B-form, 
the compound melted sharply to a clear liquid, which on further 
heating became opaque until the temperature was raised to 159°. 


Reactions of Monomethyl Glucose. 


With the exception of the anilide and phenylosazone, no crystal- 
line derivatives of monomethyl glucose have been isolated, and in 
view of the fact that most of the derivatives of the sugar are 
syrups which are mixtures of a- and f-isomerides, no detailed 
description of their preparation need be given. Although the sugar 
failed to react with benzaldehyde, even at 160°, the bromotriacetyl 
derivative was easily formed, and was readily converted into mono- 
methyl B-methylglucoside, which, like the a-form prepared by 
Fischer’s method, proved to be an uncrystallisable syrup. All 
attempts to condense the monomethyl methylglucosides with either 
acetone or benzaldehyde led to negative results, the unaltered 
glucoside being recovered in each case. 


Monomethyl Glucoseanilide. 


This compound was prepared for réasons stated in the introduc- 
tion. Monomethyl glucose (1 mol.) was mixed in a distilling flask 
with freshly-distilled aniline (6 mols.), and the minimum amount 
of dry methyl alcohol added to effect complete solution. After 
boiling on a water-bath for 100 minutes, the solvents were re- 
moved under diminished pressure, and on the addition of dry 
ether to the residual syrup the product crystallised completely. 
On recrystallisation from ethyl acetate, 60 per cent. of the 
theoretical amount of monomethyl glucoseanilide was obtained. 

Found, C=58'°17; H=6°93 ; OMe=11°72. 

C,,H;,0,N requires C=57'99; H=7°06; OMe=11°52 per cent. 

The compound crystallises in needles, melting at 154—155°, and 
is readily soluble in alcohol, sparingly so in water, and insoluble 
in ether or hydrocarbons. When prepared as described, the com- 
pound showed suspended mutarotation in carefully purified methyl 
alcohol: c=0°636, /=2, [a],)—1°38°, [a]?—108°5°. The value re- 
mained constant for sixty hours, but on the addition of a trace of 
hydrogen chloride dissolved in methyl alcohol, the activity immedi- 
ately diminished to a—0°64°, from which [a], —50°3°. 
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In a duplicate experiment it was found that the addition of a 
trace of sodium hydroxide had no effect on the activity, which 
remained constant for several hours. One minute drop of dilute 
alcoholic hydrogen chloride was then introduced, with the result 
that the specific rotation diminished instantaneously to —49°0°. 
The value of the permanent specific rotation shows that these 
changes in activity are due to the establishment of equilibrium 
between a- and B-forms, and not to the hydrolysis of the compound 


into its components. 


Oxidation of Monomethyl Glucose 


A 7 per cent. solution of the sugar in nitric acid (D 1°17) was 
heated under a condenser to 75° until vigorous oxidation com- 
menced. . Thereafter the temperature was maintained at 65° for 
three hours, and subsequently at 80° for one hour. The excess of 
nitric acid was then removed by dilution with a large quantity of 
water, followed by concentration under diminished pressure to a 
small bulk, this process being repeated four times. The syrup 
thus obtained was dissolved in alcohol, and the evaporation of the 
solvent in a vacuum repeated. After two such treatments, the 
product was kept at 30°/15 mm. until no more acid fumes were 
evolved, after which the flask was attached to the Gaede pump 
and kept at 20° under a pressure of 0°2 mm. for two hours. The 
syrup was then dissolved in dry chloroform, the solution allowed 
to remain in contact with anhydrous potassium carbonate until 
neutral, filtered, and evaporated to dryness. No crystallising 
medium.could be found for the compound, and an attempt to 
distil it in a high vacuum resulted in much decomposition. The 
analyses were therefore conducted on the clear syrup, after drying 
until constant in weight at 20°/0°2 mm. 


Found, C=43°75; H=6°00; OMe=17°7. 
C,H,,0, requires C=43'79; H=6°25; OMe=16'1 per cent. 


The compound under examination was therefore monomethy] 
gluconolactone. The methoxyl estimation in itself is sufficient to 
discriminate between the possible products which might be pre- 
sent, namely: (1) unaltered monomethyl glucose; (2) monomethyl 
saccharodilactone, or the corresponding lactonic acid; (3) mono- 
methyl gluconolactone. Moreover, the behaviour of the compound 
on titration was characteristic of a lactone, and the amount of 
alkali required for neutralisation agreed exactly with the weight 
calculated on the assumption that the compound was a methylated 
hexoselactone : 
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0°0858 gram required 4°70 c.c. of 0°0954N-sodium hydroxide. 
Monomethyl gluconolactone requires 4°68 c.c. 


The authors are indebted to Professor Harden for examining the 
effect of ferments on monomethy! glucose, and also to the Carnegie 
Trust for a grant in aid of the above investigation. 

CHEMICAL REsEARCH LABORATORY, 
UnIrED COLLEGE oF Sr. SALVATOR AND St. LEONARD, 
UNIVERSITY oF St. ANDREWS, 


CXXXI.—The Interaction of Naphthasulphonium- 
quinone and Substances Containing the Thiol Group. 


By BrosenpranatH GuosH and SaMvuEL SMILEs. 


In the course of some experiments on the action of alkalis on 
dinaphthathioxin, it was found necessary to obtain derivatives of 
this substance which contain substituents of acidic character. The 
most convenient means at present available for obtaining this class 
of substance is by the interaction of naphthasulphonium-quinone 
and certain reagents in the presence of acetic anhydride, and a pre- 
liminary study (T., 1912, 101, 710; 1913, 108, 351) of the reaction 
has shown that it may be induced by reagents, such as acetyl 
chloride and bromide, or by camphorsulphonic acid. These sub- 
stances readily attack benzo- or naphtha-quinone in the charac- 
teristic manner described by Thiele (Annalen, 1899, $11, 341), 
and since cases are known in which thiolic compounds behave in an 
analogous fashion (D.R.-P. 175070), it appeared probable that 
naphthasulphonium-quinone would yield thiol derivatives of 
naphthathioxin. 

As a preliminary to this investigation, the action of B-naphtha- 
quinone with substances containing the thiol group has been 
studied, and it has been found that interaction takes place in the 
normal maaner. f§-Naphthaquinone and the thiol derivative 
interact when dissolved together in some suitable solvent, the thio- 
group combining with the naphthalene nucleus, whilst the 
quinonoid grouping is reduced to the dihydroxy-arrangement. 
This type of reaction has been observed with thiol derivatives of 
widely different character. With thiolacetic acid the dihydroxy- 
acetylthiol derivative (I) has been obtained; this on hydrolysis 
yields the mercaptan (II), which on further treatment with 
8-naphthaquinone furnishes the tetrahydroxy-sulphide (III) : 
ial: salar C,,H,(OH)."SH C,,H,(OH),°S:C,,H,(OH), 

(I.) (II.) (III.) 


ww 
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On treating the acetylthiol derivative (I) with alkali hydroxide, 
4-hydroxy-8-naphthaquinone is formed, showing that the thio-group 
in these substances occupies the a-position in the hydroxylated 
portion of the naphthalene nucleus. 

In the case of o-thiolbenzoic acid, the corresponding o-carboxy- 
thiophenyl derivative is obtained (IV), and by further treatment 
of this compound with hot acetic anhydride the acetyl derivative 
of the dihydroxynaphthathioxanthone is formed (V): 


. CO 
C,)H,(OH),"S*C,H,*CO,H C,)H,(OH),<_ >C,H, 
(IV.) (V.) 
The reaction of these thiol derivatives with a-naphthaquinone is 


similar. 
Turning to §-naphthasulphonium-quinone, it has been found, in 
accordance with former experience, that this substance is very 


-much less active than f-naphthaquinone; in fact, the substance 


does not react with thiolacetic acid or thiolbenzoic acid under the 
conditions suitable to the cases mentioned in the foregoing para- 
graphs. With the former reagent, a product is formed from two 
molecular proportions of the quinone and one of the acid; but this 
is merely an additive compound, for on treatment with pyridine 
it is resolved into the components. 

In order to obtain the thiol derivatives of naphthathioxin, 
advantage was taken of the interaction which occurs when naphtha- 
sulphonium-quinone is warmed with acetic anhydride and a trace 
of camphorsulphonic acid. Under these conditions, acetoxy- 
naphthathioxin is produced, but if excess of the thiol derivative is 
present, the thio-substituted naphthathioxin is preferably formed. 
At the same time, it must be observed that the success of the 
reaction depends to a great extent on the nature of the thiol deriv- 
ative employed, for with o-thiolbenzoic acid, even in large excess, 
no phenylthiolnaphthathioxin could be obtained, the acetoxy- 
derivative being the sole product. The latter is apt to be formed 
in any case if the quantity of thiolic compound present be in- 
sufficient. 

In this way, acetylthiolnaphthathioxin and carboxymethy]thiol- 
naphthathioxin have been obtained, 


C,H <E>C,oH,"8-CO"CH, and C,pH<5>O,oH,"S-CH,"CO,H 


and these substances have been employed in some preliminary ex- 
periments on their reaction with alkali hydroxide. 

Previous experiments (T., 1913, 103, 901) have shown that the 
derivatives of dinaphthathioxin which are formed from naphtha- 
sulphonium-quinone are closely related to iso-B-naphthol sulphide, 
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and are not immediately derived from the dinaphthathioxin 
furnished by dehydration of the asulphide of 6-naphthol. Since 
iso-B-naphthol sulphide is converted by alkali hydroxide into the 
more stable isomeride, it is of importance to determine whether a 
similar transformation can be effected in the dinaphthathioxin 
series. The hydroxy-, thiol and carboxymethylthiol derivatives of 
dinaphthathioxin have been submitted.to the action of hot sodium 
ethoxide, but in no case has isomeric change been observed. The 
experiments are being continued in other directions. 


EXPERIMENTAL. 
1: 2-Dihydrory-4-acetylthiolnaphthalene, C,jH;(OH),*S-CO-CHs3. 


A solution of B-naphthaquinone in excess of thiolacetic acid was 
gently warmed until it had become colourless. The material which 
separated from the cooled solution was collected and recrystallised 
from acetic acid. The product formed colourless crystals, which 
melted at 172°: 

0°1381 gave 0°3132 CO, and 0°0544 H,O. C=61°8; H=4°3. 

0306 =6,, 0°2958 BaSO,. S=13°2. 

C,,H,,0,;8 requires C=61°5; H=4'2; S=13°6 per cent. 

The substance was readily soluble in cold aqueous alkali hydroxide, 
but after the lapse of a few moments decomposition set in, a brown, 
crystalline material being deposited. A sample of the latter was 
collected, and then treated with dilute mineral acid, the product 
being finally recrystallised from alcohol. By analysis and melting 
point, the substance was identified as 4-hydroxy-8-naphthaquinone. 


1: 2-Dihydrozy-4-thiolnaphthalene, C,>)H;(OH),°SH. 


The substance was obtained by hydrolysing the acetyl derivative 
with hot concentrated hydrochloric acid in an atmosphere of 
carbon dioxide. After crystallisation from hot water, the product 
formed long, colourless needles, which melted at 126—127°: 


0°1082 gave 0°2490 CO, and 0°0383 H,O. C=62'7; H=3°9. 
C,,>H,0,8 requires C=62°5; H=4'1 per cent. 
1: 2: 1/: 2/-Tetrahydroxydinaphthyl 4-Disulphide, 
C,)H;(OH),*S-C,>H;(OH),, 

was prepared by warming a concentrated solution of f-naphtha- 
quinone in glacial acetic acid with the thiol derivative. When 
interaction was complete, the product was isolated by adding water 
to the mixture. The substance separated from hot acetic acid in 
pale brown needles, which melted at 202—203°: 
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0°1028 gave 0°2594 CO,.and 0°0367 H,O. C=688; H=3°9. 
0°1594 ,, 01063 BaSO,. S=9'1. 
C.»H,,0,8 requires C=68'5; H=4:0; S=9'l per cent. 


1: 2-Dihydroxy-4-0-carboxry phenylthiolnaphthalene, 
. C,>H;(OH),"S°C,H,-CO,H. 


Equimolecular quantities of B-naphthaquinone and o-thiolbenzoic 
acid were added to warm glacial acetic acid; the mixture was set 
aside and occasionally stirred until interaction was complete. The 
required substance was precipitated by addition of water contain- 
ing a little sulphurous acid ; it was collected and recrystallised from 
alcohol. The product formed small, colourless prisms, which melted 
at 205—206° : 

0°1310 gave 0°3126 CO, and 0°0458. C=65°0; H=3°9. 

0°2695 ,, 0°1993 BaSO,. S=10'l, 

C,,H,,0,8 requires C=65°3; H=3°8; S=10°25 per cent. 

Oxidation of this dihydroxy-derivative with excess of ferric 
chloride in hot aqueous solution yielded 4-o-carboxyphenylthiol-B- 
naphthaguinone. The substance separated from acetone in long 
red needles, which melted at 210°: 

0°1086 gave 0°0841 BaSO,. S=10°5. 

C,,H,,0,S requires S=10°3 per cent. 


1: 2-Diacetoxynaphthathioxanthone, C,pH,(OAc), <P> ‘";H 


1: 2-Dihydroxy-4-o-carboxyphenylthiolnaphthalene was treated 
for three hours with an excess of boiling acetic anhydride and 
freshly fused sodium acetate. The product was isolated by decom- 
posing the mixture with water, and after being recrystallised from 
alcohol it was obtained in very pale yellow needles, which melted 
at 226°: 


0°1024 gave 0°2500 CO, and 0:0382 H,O. C=666; H=4°0. 
' 01994 ,, 0°1250 BaSO,. S=8°5. 

C,,H,,0;S requires C=66°6; H=3°78; S=84 per cent. 

The substance is readily hydrolysed by aqueous alkalis, yielding 
highly-coloured products, but these were not isolated in a form 
sufficiently pure for analysis. 

By substituting a- for B-naphthaquinone in these experiments, 
the corresponding 1: 4-dihydroxy-derivatives were prepared. Thus 
condensation of o-thiolbenzoic acid with a-naphthaquinone yielded 
1: 4-dihydroxy-2-0-carbozyphenylthiolnaphthalene, which was 
finally obtained in pale brown needles, melting at 212—213°: 
4y¥ 2 
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0°1476 gave 0°3523 CO, and 0°0508 H,O. C=651; H=3'%8. 
C,,H,.0,8 requires C=65°3; H=3'8 per cent. 


By treatment of this substance with hot acetic anhydride, the 
1: 4-diacetorynaphthathioxanthone was obtained. This product 
formed pale yellow needles, which melted at 229°: 


0°1213 gave 0°2960 CO, and 0°0434 H,O. C=665; H=4°0. 
C,,H,,0;8 requires C=66°6; H=3'7 per cent. 


Naphthasulphonium-quinone and Thiolacetic Acid. 


The additive product formed from these substances was readily 
obtained by warming the quinone with an excess of thiolacetic 
acid, either alone or with glacial acetic acid as a solvent. On 
cooling the mixture, the product separated. The crystalline 
material was collected, and after recrystallisation from acetic acid 
it was obtained in yellow prisms, which-melted at 168—169°: 


0°1444 gave 0°3780 CO, and 00520 H,O. C=71:3; H=4°0. 
0°2682 ,, 0°2688 BaSO,. S=13°7. 
2C.9H,,0,8,C,H,OS requires C=71'1; H=3°9; S=13'56 per cent. 


The additive nature of the product was further proved by warm- 
ing a solution of the substance and lead acetate in pyridine. Lead 
sulphide was rapidly precipitated, and it was removed by filtration 
when interaction was complete. The solution was then mixed with 
an excess of aqueous acetic acid, and the precipitated material was 
identified, after recrystallisation, as B-naphthasulphonium-quinone 
by (1) the melting point taken alone or mixed with a sample of 
the quinone; (2) conversion by acetyl chloride into chloronaphtha- 
thioxin. 

The formation of this additive product from the quinone takes 
place in most organic media, but if suitable conditions are chosen, 
further interaction between the substances may be obtained. 


Acetylthiolnaphthathioxin, C,Hj;<S>C,)H,"8-CO-CH,, 


One gram of camphorsulphonic acid was added to a mixture of 
10 grams of thiolacetic acid and 10 grams of naphthasulphonium- 
quinone with 60 c.c. of acetic anhydride. The mixture was warmed 
until all the quinone had dissolved, and it was then set aside at 
the ordinary temperature. After the lapse of forty-eight hours, 
8 grams of a bright yellow, crystalline material had separated from 
the mixture; after repeated crystallisation from warm glacial acetic 
acid the substance melted at 173—174°: 
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0°0814 gave 0°2106 CO, and 0°0290 H,O. C=70°5; H=3'9. 

071813 ,, 0°2295 BaSO,. S=17°28. 

Co.H,,0,8, requires C=70°32; H=3'7; S=17'1 per cent. 

The product obtained by this method contained the acetoxy- 
derivative, which is formed from acetic anhydride and the quinone 
(T., 1912, 101, 710), and the quantity formed was apt to be large 
if the thio-acid was not employed in considerable excess. 

The mercaptan was obtained from the thioacetyl derivative by 
treating the latter for half an hour with a boiling solution of 
sodium ethoxide in alcohol. The required substance was then 
isolated by diluting the mixture with water, removing the insoluble 
impurities by filtration, and finally acidifying the liquid with dilute 
mineral acid. The product was purified by gradual precipitation 
with ether from solution in tetrachloroethane, when it was obtained 
as a pale yellow powder. The product melted indefinitely between 
223° and 228°, and evidently contained the disulphide which had 
been formed from the mercaptan by oxidation: 

0°1064 gave 0°2814 CO, and 0°0365 H,O. C=721; H=3°8. 

C.9H,,08, requires C=72°2; H=3'6 per cent. 

However, on acetylation the original acetylthiol derivative was 
obtained, and it was concluded that isomeric change does not take 
place when the mercaptan is treated with a hot alcoholic solution 
of sodium ethoxide. 


Carboxzymethylthiolnaphthathioxin, 
CipH <O>CHy'S:CH,*CO,H. 


One gram of camphorsulphonic acid was added to a mixture of 
3 grams of naphthasulphonium-quinone with 5 grams of thiolacetic 
acid and acetic anhydride. The mixture was heated until the in- 
gredients had dissolved, and it was then set aside at the ordinary 
temperature for forty-eight hours. The material which had 
separated was collected and purified by crystallisation from hot 
acetic acid, when the above compound was obtained in long, pale 
yellow needles, which melted at 206°. With sulphuric acid the 
substance gave the bright blue colour characteristic of the naphtha- 
thioxin series: 

0°1224 gave 0°3033 CO, and 0°0402 H,O. C=67'5; H=3°6. 

071656 ,, 0°1945 BaSO,. S=16°13. 

‘C.pH,,4038 requires C=67°7; H=3°5; S=16°4 per cent. 

The sodium salt is colourless, and insoluble in water. The 
carboxymethylthiol derivative was boiled for half an hour, in 
alcoholic solution with sodium ethoxide, but the original material 
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was recovered unchanged. Attempts were made to obtain the 
thioindoxyl derivatives from this substance by reaction with fused 
potassium hydroxide or fuming sulphuric acid, but they were un- 
successful. 


Hydroxynaphthathioxin, C,H .< C,)H,°OH. 


Acetoxynaphthathioxin was boiled with an alcoholic solution of 
sodium ethoxide. The substance rapidly dissolved, and after the 
lapse of half an hour the mixture was cooled, and then diluted with 
water. The small quantity of insoluble material was collected, and 
the filtrate was acidified with dilute sulphuric acid. The precipitate 
was collected and recrystallised from hot acetic acid, in which it 
was sparingly soluble. Hydroxynaphthathiozin was thus obtained 
in small, colourless prisms, which melted at 237°: 

0°0808 gave 0°2248 CO, and 0°0301 H,O. C=75°8; H=4'1. 

C,>H,.0,.S requires C=75°9; H=3°8 per cent. 

The sodiwm salt was sparingly soluble in cold water, and was 
slowly oxidised by atmospheric oxygen. The hydroxy-derivative 
obtained in this manner was acetylated with acetyl chloride in 
pyridine solution ; since the product was identical with the original 
acetyl derivative, it was concluded that no isomeric change had 
taken place when the hydroxy-compound was treated with a hot 
alcoholic solution of sodium ethoxide. 

Attempts to obtain the o-carboxyphenylthiol derivative of 
naphthathioxin by condensation of o-thiolbenzoic acid with the 
sulphonium-quinone were not successful, the acetoxy-derivative 
(Found, C=73'4; H=3°9. Cale, C=73°7; H=3°9 per cent.) 
being always obtained. 


UNIVERSITY COLLEGE, 
Lonpoy. 


CXXXII.—The Atomic Weight of Lead from Ceylon 
Thorite. 


By Frepericx Soppy and Henry Hyman (Mackay Smith Scholar, 
University of Glasgow). 


THE question discussed by one of us (T., 1911, 99, 82) whether 
some of the common elements may not in reality be mixtures of 
chemically non-separable elements of different atomic weights, has 
been advanced by the recent generalisation connecting the position 
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of the product of a radioactive change in the periodic table with 
that of the parent and with the nature of the ray expelled in 
the change. This showed that all the radio-elements which are 
chemically identical in character occupy the same place in the 
periodic table. Hence such elements are conveniently referred to 
as isotopic. The unknown end-products of all the known disinte- 
gration series fall, by the application of this generalisation, into 
the same place in the periodic table, namely, that occupied by 
lead. If they are entirely stable, that is, if the apparent ends of 
the disintegration series are the real ends, the lead from radio- 
active minerals should differ in atomic weight according to the 
proportion of uranium and thorium in the mineral. The calculated 
atomic weight of the isotope derived from uranium is 206, and 
that of the isotope derived from thorium is 208°4, since they are 
formed from radium, 226°0, and thorium, 232°4, by the loss of 
five and six atoms of helium respectively (K. Fajans, Physikal. 
Zeitsch., 1913, 14, 140; F. Soddy, Chem. News, 1913, 107, 97). 

Boltwood, to whom the original suggestion that lead may be the 
end-product of uranium is due (Amer. J. Sct., 1907, [iv], 28, 77), 
found the ratio of lead to uranium in primary minerals from the 
same locality to be nearly constant. Both he and, later, Holmes 
(Proc. Roy. Soc., 1911, A, 85, 248) considered it highly improbable 
that thorium should also give lead. The question is, however, still 
an open one. It is complicated by the possibility that thorium 
may, in some yet unknown way, be genetically connected with the 
uranium series, and by the slow rate of change of thorium in com- 
parison with that of uranium. A recent estimate of the ratio of the 
rates of change is 0°36 (McCoy, Physical Review, 1913, 393), and 
this makes the uranium in a mineral about three times as effective 
in producing lead as the thorium. 

An attempt has been made to obtain direct experimental evid- 
ence on the point at issue. For this purpose Ceylon thorite, a 
hydrated silicate of thorium discovered at the same time as the 
more common thorianite, is uniquely suited. According to the 
original analysis (W. R. Dunstan, Ceylon Mineralogical Survey 
Report, March 31st, 1904; Nature, 1904, 69, 510), lead is recorded 
as absent, whilst the thorium and uranium contents are respec- 
tively ThO,=66°26 and UO,;=0°46 per cent. We have found, 
however, quite a detectable quantity of lead in the mineral, and 
from the amount of thorite in our possession enough lead has been 
separated to enable comparative estimations of its atomic weight 
in terms of that of ordinary lead to be made, 
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Analysis of the Mineral. 


The mineral is readily decomposed by hydrochloric acid. The 
undissolved part was treated with hydrofluoric acid, and the silica 
estimated by difference, the small residue remaining not being 
further examined. The lead was separated from the dilute hydro- 
chloric acid solution by hydrogen sulphide. The precipitate, 
obtained from the filtrate by ammonia, was redissolved in acid, and 
reprecipitated by oxalic acid. The precipitate was treated with 
ammonium oxalate to dissolve thorium and zirconium, and from 
the solution the thorium was precipitated by hydrogen peroxide. 
The filtrate from the oxalic acid precipitate was poured into 
excess of ammonium carbonate, and the uranium estimated in the 
filtrate. 

Separate estimations were also made of the thorium, uranium, 
and lead. A determination of the helium in the mineral is not 
yet completed. The analysis is shown below: 

ThO,. SiO, Fe,0,. Ce,0,. ZrO, P,O, Al,O, U,O,. CaO. PbO. 
61:95 11-91 5:18 4-99 3-92 0-66 0-80 0-85 0-40 0-39 
H,0O. Insoluble residue. Total. 
7-06 1-80 99-91 per cent. 

With regard to the uranium, there are difficulties in its chemicai 
estimation in the presence of so large a preponderance of thorium. 
A preliminary test of the amount of radium in the mineral, by 
the emanation method, indicates a larger proportion of uranium 
than is shown in the chemical analysis, namely, 1°9 per cent. of 
U,0,. This is the value provisionally adopted, rather than that 
of the chemical analysis. 

It will be seen from the proportions of the significant constitu- 
ents, thorium, uranium, and lead, that the mineral is an unusually 
favourable one for the examination. The ratio of uranium to 
thorium is certainly not greater than 0°03, so that if the lead in 
the mineral is entirely of radioactive origin, about ten parts of it 
will be derived from the thorium for one part from the uranium. 
Its atomic weight should therefore be about 208°2. On the other 
hand, although the small quantity of lead in the mineral makes 
the work laborious, it is favourable to the possibility that it may 
all be of radioactive origin, and that none of it was an original 
constituent. More definite evidence on this point will be avail- 
able, however, when the helium and radium estimations are con- 
cluded. 

Extraction and Purification of the Lead. 


The lead sulphide precipitate from about a kilogram of the 
mineral, after washing and digestion with ammonium sulphide, was 
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dissolved in nitric acid and precipitated as sulphate. The ammon- 
ium acetate solution of the sulphate was reprecipitated by hydrogen 
sulphide, and the precipitate again dissolved in nitric acid. The 
lead was precipitated as iodide, washed, and crystallised from 
about two litres of hot water. From the ammonium acetate solu- 
tion of the iodide the lead was separated as sulphide, converted 
into nitrate, finally precipitated us chloride, washed, and crystal- 
lised from hot water, and dried at 100°. The mother liquor was 
kept distinct. About 1:2 grams of the purified lead chloride was 
so obtained. 

Ordinary lead nitrate, after three recrystallisations, was con- 
verted into iodide, and thenceforth treated exactly in the same 
manner as the thorite lead, being finally obtained as chloride. 


The Relative Atomic-weight Estimation. 


The atomic-weight estimations were purely relative, exactly 
similar determinations being made with the two preparations of 
lead chloride described, and the atomic weight of the thorite lead 
was calculated from that of ordinary lead, taken as 207°1. The 
method of weighing the lead chloride was similar to that adopted 
by Baxter and Wilson in their atomic-weight determinations, on 
which, mainly, the international value is based. The dry lead 
chloride was fused in a platinum boat in a current of dried hydro- 
gen chloride, in which it was allowed to cool before displacing the 
hydrogen chloride with a current of dried air. The empty boat 
before and after the experiment was treated in an_ identical 
manner. After weighing, the boat and the fused lead chloride 
were placed in a stoppered bottle with a litre of water containing 
5 c.c. of dilute nitric acid, and gently rocked on a shaking machine 
until the lead chloride was dissolved to a completely clear solution. 
The boat was carefully washed, dried at 100°, and heated in 
hydrogen chloride as at first. In no case did its final weight differ 
by more than 0°2 mg. from its initial weight. 

The lead chloride solution was titrated with silver nitrate solu- 
tion in the dark room by the aid of a bright red light placed 
alongside. Two hundred c.c. of the silver solution were run in by a 
pipette, followed by a quantity from a burette (about 10 c.c.), 
estimated to be less than the required amount by 1 cc. The 
contents of the bottle were well shaken and allowed to settle, a 
drop of the silver solution added from the burette, and the time 
of appearance of the cloud observed. At first the cloud would be 
visible after a few seconds from the addition of the drop, but as 
the end-point was approached, the time of appearance rapidly 
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lengthened to several minutes. The uncertainty in the end-point 
was not greater than a single drop, or 1 part in 4000. 

When 1 drop no longer produced a visible cloud after five 
minutes, 5 drops added together would produce a cloud after about 
a minute. A second addition of 5 drops then produced no further 
cloud. This uncertainty, although it would affect an absolute 
determination, can have no effect on a purely relative one. The 
time of the appearance of the drop is also a valuable independent 
check on the approach of the end-point. The solubility of the silver 
chloride, again, which would be of very great importance in any 
absolute determination, is without appreciable effect in the relative 
determination. 

The same platinum boat, the same weights, the same pipette, 
burette, and silver nitrate solution were used throughout each 
estimation, which consisted of three titrations, one with ordinary 
lead chloride before and one after the thorite lead titration. 

After the first estimation the lead was recovered from all three 
solutions, and used for the second set. The solutions, containing 
an excess of chlorino, were filtered, and evaporated to dryness, the 
residue being redissolved in dilute nitric acid, and the lead pre- 
cipitated from the solution as sulphate. This was dissolved in 
ammonium acetate solution, precipitated as sulphide, which, after 
washing and decomposition with hydrochloric acid, was filtered, 
evaporated to small bulk, added to the final mother liquor obtained 
in the previous experiment, and allowed to crystallise as before. 


Results. 


The results so far obtained are tabulated below. The first column 
gives the weight and kind of lead chloride used, the second the 
volume of the silver solution required, and the third the volume 
of solution per gram of lead chloride. The fourth column contains 
the ratio of the volume for the ordinary lead chloride in com- 
parison with that for the thorite lead chloride as unity. The last 
column gives the relative atomic weight of thorite lead in terms 
of that of ordinary lead. The results, all except that marked with 
an asterisk, agree very closely, and, indeed, the closeness of the 
agreement is no doubt in some part accidental. The determination 
marked with an asterisk was the last to be performed, and was not 
done on the same day as the other two in this experiment. It 
differs from the first result by 1 part in 800. 
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Table of Results. 


Weight of Volume of At. wt. 
PbCl, AgNO, soln. 1 Gram of of 
(grams). used (c.c’). PbCl, requires Jatio. thorite lead. 
« ( Ordinary : : 
“1 (a) 1-0950 209-86 191-65 
8 (c) 1-0912 209-10 191-62 
if Mean 191-64 { _—_1-0049 208-5 
oO 
K'| Thorite : 
Fl (6) 1-1127 212-19 190-70 | 
r Ordinary : 
S| (a) 1-0957 210-90 192-48 
2 | *(c) 1-0986 211-20 192-24 
g 
g J Mean 192-36/ = 1-0042 208-3 
‘z 
8,| Thorite : 
4} (b) 1-0980 210-34 191-57) 
Mean 1-0046 208-4 


It will be seen that there is a difference in the mean result of 
1 part in 225 in the volume of the silver solution required for 
equal weights of the two chlorides. This is certainly several times 
greater than the probable error of the experiment, and greater 
than the possible maximum error of a single experiment, unless 
unknown sources of error exist. 

Although not yet sufficient to establish finally the point at issue, 
these preliminary results show clearly a difference in the atomic 
weights in the expected direction of the right order of magnitude. 
As some time must necessarily elapse before the research can be 
brought to a conclusion and before larger quantities of the mineral 
can be obtained, it seems advisable to publish what has already 
been found. 

It may be noted in passing that out of some twenty-four deter- 
minations of the atomic weight of lead, referred to by Brauner 
(Abegg’s “ Handbuch,” III., ii, 613), seven give values between 
206°80 and 206°95, six between 206°95 and 207°10, none between 
207-10 and 207°35, and six between 207°35 and 207°60, thus showing 
very large differences. 


Spectrographic Examination. 


A detailed spectrographic examination of the two specimens of 
lead used is being undertaken. The silver lines 2447°8, 2437°8, 
2413°2 show faintly in the spark spectrum of both specimens, but 
about twice as strongly in the thorite as in the ordinary lead. The 
copper line 3247°6 is visible in the ordinary, and only very faintly 
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in the thorite lead. The impurities, however, so far as they have 
been identified, do not seem to be of great significance. 

With regard to the lead lines, no differences of wave-length, 
within the power of the Féry spectrograph to disclose, have been 
observed for the two specimens. The sole difference, and it seems 
at first sight a rather remarkable one, is in the line 4760°1, which 
is much stronger in all the photographs of ordinary lead than in 
those of thorite lead, in which it frequently is invisible. 


We desire to express our thanks to the Carnegie Trust for the 
Féry spectrograph, which was purchased out of a Research Grant. 


PHyYsiIcAL CHEMISTRY LABORATOKY, 
UNIVERSITY OF GLASGOW. 


CXXXIII.-—Thujin. 
By ArtTHuR GEORGE PERKIN. 


In the year 1858 Rochleder and Kawalier (Wien. Akad. Ber., 29, 
10; J. pr. Chem., 74, 8) isolated from the green portions of the 
Arbor vite (Thuja occidentalis) a glucoside thujin, Cy9H9.0)o, 
soluble in alkali solutions with a yellow colour. This substance, 
present in the plant only in minute quantity, by gentle hydrolysis 
with acid in alcoholic solution, yielded dextrose and a compound, 
thujigenin, C,,H,.0O;,, which on longer digestion with the acid 
combined with a molecule of water, with the formation of thujetin, 
C14H403 : 
Cop Hy90j2 + HoO = CgH 0g + Cy4H 207, 
C4H),0, + H,O = CH, ,0s. 

Thujigenin and thujetin are described as yellow, crystalline com- 
pounds, soluble in dilute alkali solutions with a green, and in 
alcoholic ammonia with a bluish-green, coloration. Thujetin gives 
a red precipitate with lead acetate solution, and by digestion with 
boiling baryta water was converted into thujetinic acid, C,,H5.0)3. 

From an alcoholic extract of 120 kilos. of the plant, these authors 
could isolate only a few grams of thujin, and it is probable on 
account of this yery small yield that no further exhaustive investi- 
gation of the subject has been hitherto attempted. 

In many respects the description of this compound corresponds 
with that of a flavone glucoside, and as the result of a preliminary in- 
vestigation carried out several years ago, there could be little doubt, 
judging by the properties of the trace of yellow, crystalline colour- 
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ing matter then isolated (T., 1899, 75, 829), that this is the case.* 
Although the presence of flavone glucosides in plants is now known 
to be of common occurrence, the peculiar properties assigned to 
thujin were attractive, and it appeared desirable to clear up if 
possible the mystery with which it has been so long surrounded. 


EXPERIMENTAL. 


It is known in certain cases that in the earlier stages of their 
growth the leaves of plants are richer in flavone glucoside than at 
a later period, and it therefore suggested itself that the younger 
leaves of the 7. occidentalis would on this account be most suitable 
for investigation. Twenty-five kilos. of this freshly gathered 
material, which on keeping for several days lost by evaporation of 
moisture approximately half its weight, were exhausted with 
alcohol, the extract evaporated, and the green, viscous residue 
gradually stirred into 6 litres of boiling water. When cold the pale 
brown aqueous liquid was decanted as far as possible from the semi- 
solid residue; the last traces were removed by filtration through 
paper, an operation which occupied several hours. Addition of lead 
acetate solution in excess caused the separation of a dull, faintly 
yellow precipitate (4), which was collected after some time, the 
filtrate now giving with the basic acetate a much brighter yellow 
deposit (2B). The procedure adopted appeared preferable to that of 
Rochleder and Kawalier, who merely employed neutral lead acetate 
as precipitant, extracting the product with dilute acetic acid, and 
after filtration reprecipitating with the basiccompound. In the form 
of a thin cream with water (B) was treated with hydrogen sulphide, 
the mixture briskly boiled, and the lead sulphide removed by filtra- 
tion. The pale brown liquid on being kept in a vacuum deposited 
at first a trace of yellow, semi-crystalline substance, which was of 
a non-glucosidal character; this was removed, and subsequently 
crystals of the desired compound commenced to separate. The 
product was collected from time to time as a sufficient quantity 
accumulated, with the idea that some possible separation might 
thus be effected, and ultimately five distinct fractions were avail- 
able, the total weight of which in the air-dried condition was 
2°95 grams. These samples, however, appeared to consist of one 
and the same substance, for by a recrystallisation from water, in 
four cases the glistening leaflets melted at about 183—-185°, whereas 
the melting point of the fifth, namely, 176—178°, was only slightly 
lower. The final filtrate on further evaporation did not yield 
crystals, although dyeing experiments still indicated the presence 


* The younger branches of the Chinese Arbor vite (7'. orientalis) are said to be 
used for dyeing yellow. 
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of some quantity of glucoside. In order to hydrolyse this, the 
mixture was boiled with addition of acid, and the colouring matter 
(1°078 grams) isolated by means of ether, and reserved for subse- 
quent examination (C). 

As the glucoside was possibly still impure, and contained a 
trace of free colouring matter, it was dissolved in a little boiling 
alcohol, and the solution slowly poured into a separating funnel, 
which contained one part of ether and two parts of water. After 
gentle agitation the aqueous solution was removed, boiled to expel 
ether and alcohol, and the crystals which separated on cooling were 
recrystallised from alcohol and water. The latter treatments, how- 
ever, caused no alteration in the melting point of the substance, 
which still melted at 183—185°. When dried in the air no loss 
was experienced by heating to 100° (Found, C=53°76; H=4°88. 
Cy,H.0j. requires C=54°07; H=4°72 per cent.). 

It was sparingly soluble in boiling water, dissolved in alkali 
solutions with a pale yellow colour, and gave with lead acetate a 
yellow precipitate. 

To determine the nature of this glucoside it was hydrolysed with 
boiling 1 per cent. sulphuric acid, and, after cooling, the yellow 
needles which had then separated were collected and dried at 160°. 
The yield was 65°11 per cent., and in a second experiment 64°89 
per cent. (Found, C=59°62; H=3°58. C,;H,,O, requires C=59°60; 
H=3°'31 per cent.). 

The acetyl compound prepared in the usual manner consisted of 
colourless needles melting at 191—195° (Found, C=58°70; H=3°95. 
C,,;H,0,(C,H;0), requires C=58°59; H=3°90 per cent.). 

This colouring matter had all the properties of quercetin except 
in respect of the colour of its alkaline solution, which possessed a 
slight green tint, and experiment indicated that it was in reality 
this substance contaminated with a trace of a second compound. 

In order to characterise the sugar which was formed by the 
hydrolysis of this glucoside, the sulphuric acid present in the 
filtrate from the quercetin was removed by means of barium 
carbonate, the clear liquid evaporated, and the residue freed from 
mineral matter by extraction with alcohol. The product gave with 
phenylhydrazine «n osazone, which after purification melted at 
179—181°, and was found to consist of rhamnose-osazone. 

The hydrolysis of the glucoside could therefore be expressed as 


follows: 
C,;H20}2 + H,O = C,;H 199, + CgH,,0,, 


and this equation represents a yield of 64°81 per cent. of quer- 
cetin. From these results it seemed certain that the glucoside 
dried at 100° was not anhydrous, and in reality possessed the 
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formula C,,H,.0,,,H,O, for anhydrous rhamnose is now known to 
be C,H,,0;. This proved to be the case, and when dried at 
160° the following analytical figures were obtained (Found, C= 
55°90; H=4°58. C,,H,,0,, requires C=56°25 ; H=4°46 per cent.). 

The only simple rhamnoside of quercetin at present known is 
the quercitrin of quercitron bark (Quercus tinctoria), and this in 
appearance and general properties possessed a striking resemblance 
to thujin. Again comparative dyeing experiments with the two 
substances, employing mordanted woollen cloth, further accentuated 
this similarity. On the other hand, as the melting point found by 
Herzig (Monatsh., 1885, 6, 877), the latest worker on quercitrin, 
is 173°; it was still possible that thujin was a distinct substance. 

To settle this point some quercitrin was prepared from yellow 
flavine by the method previously described (T., 1913, 108, 1634) 
and recrystallised from dilute alcohol. In case a trace of quercetin 
was present the product was submitted to the ether treatment, 
detailed above in connexion with thujin, and then fractionally 
crystallised by the gradual addition of boiling water to its concen- 
trated alcoholic solution. The second fraction only was taken as 
pure, for Herzig, who recommends the latter procedure, has pointed 
out that any quercetin is contained in the first deposit. The air- 
dried product did not evolve water of crystallisation when heated 
to 100° (Found, C=54°11; H=4°74. C,,H,.Oj. requires C=54°07 ; 
H=4°'72 per cent.). 

At 160°, however, a molecule of water was given off (Found, 
H,O=3°86, 3°75, 3°96. C,,H,0,,,H,0 requires H,O=3°86 per 
cent.), and on analysis the anhydrous compound gave: 

C=56'24; H=4°63. 

C,,HyO0,, requires C=56°25; H=4°46 per cent. 

The quercitrin obtained in this way melted at 183—185°, and 
was identical with the thujin prepared from Thuja occidentalis. 
The formula C,,;H,.0,. previously assigned to quercitrin by Herzig, 
and correctly so in view of the temperature at which the specimens 
analysed by this author were dried, was based, as in the case of 
many other glucosides, on the assumption that rhamnose was 
C,H,,0, rather than C,H,,0;,H,O. It must now be replaced by 
C.);H)0,;, a fact which has been conjectured for some time past. 

Quercitrin is given in Beilstein’s “ Handbuch ” as C,,H.0j.,2H,0, 
which represents C,,H,,0,;,3H,O, whereas according to Hlasiwetz 
(Annalen, 1859, 112, 109), it is said to lose 3H,O in a vacuum 
over sulphuric acid, and when dried at 100°, 1H,O. The low melt- 
ing point, 173°, given by Herzig is also peculiar, for there is at 
present no evidence of a second glucoside in quercitron bark. On 
one occasion, moreover, during this work a small preparation 
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crystallising in minute prisms and melting at 172—173° was 
actually obtained, but although numerous attempts were made 
again to isolate this product, no further quantity could be prepared. 
Whether this was an impure specimen, or a modification possibly 
containing more water of crystallisation, must remain in doubt. 

Attention was now directed to the lead precipitate (A), and 
this was decomposed with hydrogen sulphide in the usual manner. 
After boiling, the mixture was filtered, and on cooling a brown, 
tarry precipitate separated; this was removed, and by concentra- 
tion in a vacuum a dull, yellow powder consisting of free colouring 
matter admixed with but a trace of glucoside was gradually 
deposited. The lead sulphide on repeated extraction with boil- 
ing water gave further quantities of a similar product amount- 
ing in all to 1°73 grams, which was soluble in alkali with a greenish- 
yellow coloration. For purification it was crystallised from dilute 
alcohol (Found, C=59°50; H=3°40). 

The acetyl compound melted at 190—195°, and there could be 
no doubt that in this case also the substance was a nearly pure 
quercetin. 

On examination the product (C) referred to above, and isolated 
by the hydrolysis of the thujin mother liquors, was observed to 
give a well-marked green coloration with dilute alkali, and with 
the hope of gaining some insight into the nature of this second 
compound, the acetyl compound was prepared and analysed by 
hydrolysis. 

Found: C,,H,)0,=58°86. 

C,;H;0,(C,H,0), requires C,,;H,;»0,=58°98 per cent. 

No distinction could thus be observed between this compound 
and pure acetylquercetin, and it was accordingly evident that the 
amount of impurity was either too small to affect the analytical 
result, or that the latter was in reality a flavonol isomeric with 
quercetin itself. The colouring matter regenerated from the acety] 
compound was practically unchanged in regard to its reaction with 
dilute alkali solutions. 

As apparently in no case was this green colour effect so marked 
as that assigned by Rochleder and Kawalier to their thujetin, it 
seems likely that the quantity of this second component may vary 
with the season of the year, or possibly with the environment of 
the plant. These suggestions are supported by the fact that during 
a preliminary examinaton of the Arbor vite obtained by purchase 
in Leeds (T., 1899, 75, 829), the colouring matter isolated gave, 
not only a strong green coloration with dilute alkali, but a trace 
of an acetyl compound melting at 205—206°, results which 
appeared to indicate the presence of myricetin. The composition 
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CopH 20. assigned by Rochleder and Kawalier to thujin is also 
explainable if it be assumed that their preparation consisted of a 
mixture of quercetin with some myricetrin. 

With the hope of again repeating this earlier experiment 
1°5 kilos. of the commercial fluid extract of the plant (Hxtractum 
thujae occidentalis liquidum) were procured, and from this 0°62 
gram of colouring matter was isolated by the method formerly 
employed. The result was, however, disappointing, for from this 
preparation, which was soluble in alkali solutions with a greenish- 
yellow colour, no acetyl compound melting higher than 195° could 
be obtained. 

Thujin must accordingly be considered to consist of quercitrin 
admixed with a trace of a second glucoside, which appears also to 
belong to the flavonol group. The amount of this latter which is 
present in the plant would seem to be variable, but the circum- 
stances that affect. this increase have not yet been ascertained. 

Finally, it is evident that the thujigenin of Rochleder and 
Kawalier cannot be regarded as a definite compound, whereas their 
thujetinic acid, C,,H,.0,, (C=59°36; H=3°88 per cent.), would 
appear to consist mainly of quercetin (C=59°60; H=3°31 per 
cent.), the secénd component readily susceptible to oxidation 
having been to a large extent eliminated or converted into soluble 
products by the action of boiling baryta water in the presence 
of air. 


The author is indebted to the Research Fund Committee of the 
Chemical Society for a grant which has been in part employed to 
defray the expenses of this investigation. 
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FARADAY LECTURE. 


(Delivered before the Fellows of the Chemical Society in the Theatre of the 
Royal Institution, on Monday, May 25th, 1914.) 


The Theory of Electrolytic Dissociation. 
By Svante ARRHENIUS. 


To-pay is the eleventh time that the Chemical Society meets to 
honour the memory of Faraday. The Society has conferred on me 
the extremely rare distinction of delivering the lecture on this 
auspicious occasion. I must say that I feel, in a double manner, 
the great difficulty of the honourable charge the Society has laid 
upon me. On the one hand, I see the Fellows of the Society, 
amongst whom many have added new and immortal glory to 
British Science; on the other hand, I cannot help remembering 
the great leaders of Chemical and Physical Science who have spoken 
from this chair at the ten earlier celebrations of the immortal 
genius who made his discoveries here and lectured in this room. 
But I feel that the strong bonds of friendship which tie myself to 
British men of science, and especially to you, the Fellows of the 
Chemical Society, will induce you to grant me indulgence. 

Most of my predecessors in this position, being mindful of the 
far-reaching importance of .Faraday’s discoveries, have treated 
general questions connected with Faraday’s work, and _bear- 
ing on our fundamental conceptions of matter. It is most 
opportune for me that the chief investigation made by myself falls 
within the great domain of electrochemistry, which Faraday 
enriched in a marvellous manner, especially by the discovery of 
his law, which is fundamental to all later work in this chapter of 
Science. I may also recall the revolutionising discoveries in this 
branch of science made by Faraday’s great predecessor in this 
laboratory, Sir Humphry Davy, who explained them in a manner 
which was far in advance of his time. There is no greater 
sanctuary for an electrochemist in the whole world than this place. 
On the other hand, I am also glad to say that the work on which 
I have to speak to you concerns the constitution of matter. 

Even in remote antiquity when the first elementary ideas of 
chemistry were evolved, we find the doctrine that fluids are of ex- 
ceptional nature. Water, the fluid xar éfoyjv, is the origin of 
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everything, says Thales (in the sixth century B.c.) The view that 
everything may be transformed into water was still expressed by the 
foremost chemists of the seventeenth century—van Helmont and 
Boyle. In early times the chief object of chemical industry was the 
production of metals. The ancient Egyptians found that lead, 
and tin which was regarded as a kind of lead—the so-called white 
lead, in contradistinction to the common or black lead—become 
fluid at a relatively low temperature, and are then able to dissolve 
and to tinge metals. Lead was therefore called “ Osiris,” from the 
principal deity of the old Egyptians. At the time of the Pelo- 
ponnesian War mercury was discovered. As it is liquid without 
being heated, it was much easier to use for the dissolution and 
tinging of other metals. It was therefore regarded as the “materia 
prima,” or the “ghost,” of the metals, the bearer of metallic 
properties. 

Two ideas are involved in these obscure expressions, namely, the 
exaggerated opinion with regard to the importance of colour and 
the conception that the dissolved state is extremely favourable for 
chemical operations. The latter opinion is crystallised in a clear 
form in Isaac Hollandus’ utterance in the beginning of the fifteenth 
century: ‘The philosophers have followed the direction given by 
Nature, and at first transformed everything to water” (that is, 
dissolved it) “before they used it in the art of chemistry.” The 
alchemists’ experience was summed up in the two sentences: 
“Corpora non agunt nisi soluta” (substances do not interact 
unless they are dissolved) and ‘ ‘Salia non agunt nisi dissoluta, 
nec agunt si dissoluta nimis” (salts do not react unless they are 
dissolved, neither do they act if too much diluted). This last part 
of the sentence evidently refers to the precipitates which often 
are formed on mixing two salt solutions. We see from these 
words that alchemical science was already much more advanced 
than the chemistry of antiquity; it is no longer the metals that 
are in the foreground, but the salts, to which also acids and bases, 
or what we now call electrolytes, were added. It is very remark- 
able that they were already on the right track at that time. In 
order to dissolve substances, it was necessary to have a good . 
solvent. The ideal solvent, which by Paracelsus was called 
“alcahest,” should be able to dissolve anything. It would make 
its possessor master of the world. The alcahest was therefore 
identical with the “‘stone of the wise” and with the “ life-elixir,” 
which all “philosophers” strove to obtain. 

Solutions, especially those of salts, are of a peculiar character. 
Gay-Lussac, the most preenet physico-chemist of his time, paid 
422 
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special attention to solutions, and reached some conclusions which 
apparently are very modern. In his remarkable memoir of 1839, 
“ Considérations sur les forces chimiques,” he says: “ As the effects 
of affinity do not change with temperature, whereas dissolution 
(solubility) is in a high degree dependent upon it, it is very difficult 
to avoid the assumption, that in dissolution as well as in evapora- 
tion, the product is essentially limited, at a given temperature, by 
the number of molecules which are able to exist in a certain 
volume of the solvent. They are separated from this, just as 
gaseous molecules are precipitated, by a lowering of temperature. 
. . . Dissolution is therefore in a high degree connected with 
evaporation, namely, in this respect, that both of them depend on 
the temperature and are subject to its variations. Hence they 
ought to show, if not a complete identity in their effects, at least a 
great analogy.” 

Here Gay-Lussac is a precursor of van’t Hoff, who, forty-five 
years later, developed in such a masterly manner the idea of the 
analogy between matter in the dissolved and in the gaseous 
state. 

In the same memoir, Gay-Lussac maintained that, if the solu- 
tions of two salts of different bases with different acids, for example, 
potassium sulphate and calcium acetate, are mixed, then all the 
four possible salts are formed instantaneously. In the said ex- 
ample, then, not only do the original salts exist, but also potassium 
acetate and calcium sulphate. If one of the four possible salts 
is very sparingly soluble, as in the case of calcium sulphate, the 
solution may become supersaturated in regard to it, so that a 
precipitate is formed—in this case gypsum. The reaction is not 
thereby carried to an end, however, for the remaining original salts 
are, after the partial disappearance of the sparingly soluble salt 
from the solution, transformed again, so that more of the said 
salt is precipitated, and so forth. In the same manner, the 
volatility of one of the reaction products may exert its effect, as 
Berthollet had supposed. Berthollet had maintained that very 
sparingly soluble products are formed by the force of cohesion, which 
determined their formation in the solution. The cohesion was a 
so-called predisposing affinity. The view of Gay-Lussac is much 
more natural than that of Berthollet. He termed the principle of 
the indifference of permutation the principle of equipollency, 
according to which, when two salts are mixed in equivalent quanti- 
ties, the two other possible salts also, after a short time, exist in 
the same quantity, that is, one-half equivalent of each. 

The theory of “equipollency” put forward by Gay-Lussac vividly 
recalls the explanation which Williamson gave eleven years later 
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of the formation of ethyl ether from ethyl alcohol in the presence of 
sulphuric acid. In his memoir Williamson illustrates his ideas by 
regarding the cause of precipitation of silver chloride after mixing 
hydrochloric acid with silver sulphate in solution. He supposed 
a steady exchange of “radicles” (we now say ions) between the 
salts. 

In 1859, Clausius arrived independently at the same conclusion, 
when he tried to explain the electrical conductivity of salt solutions. 
He even supposed that the salts are dissociated to a chemically in- 
sensible degree, and stated that his conclusion was supported by 
his theory that heat is a kind of motion. According to this 
theory, every substance, as well as electrolytes, ought to be partly 
decomposed, an idea which chemists are very reluctant to accept. 

How far chemists were from assuming a dissociation of salts 
into their radicles is seen from the chief memoir of Raoult, in 
which he tries to calculate the molecular lowering of the freezing 
point for salts in aqueous solution (1885). There he says that every 
radicle has its own molecular depression; thus (for example, in 
normal solutions) univalent negative radicles have 2°0, univalent 
positive radicles 1°5, bivalent negative radicles as SO,, etc., 1°1, bi- or 
multi-valent positive radicles, such as Al,, Ba, etc., 0°8. An undis- 
sociated molecule, such as alcohol, etc., gives the molecular lower- 
ing as 1°8. If Raoult really had supposed a dissociation, he would 
have attributed the same molecular lowering to all the radicles. 
What he states, however, is only that the molecular lowering of the 
salts, acids, and bases is an additive property, just as the molecular 
volume of a substance may be regarded as the sum of the atomic 
volumes of its constituent atoms. The latter regularity cannot 
be indicated in all cases; in the same manner, the rule of Raoult 
regarding the additive property of the molecular depression is sub- 
ject to a great number of exceptions; for example, PtCl, ought to 
give 0°8+4x 2°0=8'8, instead of the observed 2°9; HgCl, ought to 
give 0°8+2 x 2°0=4'8, instead of the value 2°0 observed by Raoult; 
and “weak acids (HCN, CH,°CO,H, etc.) always give an abnormal 
lowering of the freezing point, which is about only half the normal 
value (3°5), as if the majority of their molecules were united two 
by two.” From the dissociation point of view he might have 
maintained that these substances give normal values (1°8), the 
same as alcohol, ammonia, etc., so that their molecules ought to be 
regarded as not dissociated, which is exactly our present opinion. 
Instead of that, he supposed that their molecules were twice as 
great as the formula indicates. This example shows how far Raoult 
was from the idea of a dissociation of molecules in aqueous 
solution, and this idea was also incompatible with the views of 
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van’t Hoff in 1886, when he interpreted the regularities found by 
Raoult. 

In 1883 I investigated the electrical conductivity of different 
electrolytes, and came to the conclusion that the molecular con- 
ductivity increases with dilution, because the number of conduct- 
ing molecules increases at the expense of the other, non-conducting, 
molecules. At infinite dilution all molecules of an electrolyte are 
conductors. This hypothesis led to the following chief conclusions. 
The molecular conductivity at infinite dilution is an additive 
property for all electrolytes, and not only within certain groups 
of electrolytes of similar composition, as maintained by Kohlrausch 
for the molecular conductivity of diluted electrolytes. According 
to the thermo-chemical data given by Berthelot and Thomsen, the 
stronger an acid is the greater is its molecular conductivity. The 
electrically conducting molecules are therefore the same as the 
chemically reacting molecules, the nature of which is characterised 
by Williamson and Clausius. At infinite dilution all acids must 
therefore be of the same strength. In accordance with these ideas, 
the velocity of reaction caused by an acid is proportional to its 
number of electrically conducting molecules per unit volume. This 
assertion could only be verified qualitatively in some very few cases, 
because experimental determinations were wanting. The heat 
evolved on neutralising one equivalent of an acid consisting of 
only conducting molecules with a base of similar kind is always the 
same and equal to the heat produced when one equivalent of con- 
ducting molecules of water is transformed into one equivalent of 
non-conducting molecules. Therefore the heat of neutralisation of 
strong acids with strong bases at high dilution, as in the experi- 
ments of Thomsen, when they are composed almost entirely of 
conducting molecules, is very nearly the same for all acids and 
bases in equivalent quantities. When a salt such as potassium 
ferrocyanide, K,C,N,Fe, the ions of which are 4K and C,N,Fe, 
enters into a chemical reaction with another salt in aqueous solu- 
tion, there are formed only ferrocyanides and potassium salts, but 
not ferrous or ferric salts, because the result is always a rearrange- 
ment of the ions. 

Such were the conclusions drawn from a rather small number 
of experimental data, and I do not wonder that my colleagues 
refused to take notice of these ideas, which seemed absolutely in- 
compatible with the prevailing conceptions regarding the chemical 
nature of salts. Very soon after my memoir had appeared, Ostwald 
published measurements of the conductivity of thirty-four acids, 
and showed that the molecular conductivity of the acids is very 
nearly proportional to the velocity of reaction in catalytic pro- 
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acids. A little later he also proved that the relative strength of 
weak acids, as compared with that of strong acids, increases with 
dilution, so that all acids show a tendency to become of equal 
strength in infinite dilution. Both of these laws were predicted in 
my memoir of 1884. Thus there were two different phenomena, the 
molecular conductivity and the chemical activity of acids, which 
quantitatively led to the same conclusion. 

This was not sufficient evidence, however, to support the bold 
hypothesis that salts, including acids and bases, are to a great ex- 
tent dissociated into their ions. Fortunately, I had not long to wait 
for further evidence. In 1886 van’t Hoff published his revolution- 
ising memoir on the analogy of dilute solutions to gases. There 
he showed that Raoult’s measurements on the freezing point of 
aqueous solutions pointed to the fact that the influence of one 
molecule of a salt, such as potassium chloride, in great dilution, 
was double that of a simple molecule (alcohol, ammonia). This 
fact was wholly analogous to the fact that some substances, for 
example, ammonium chloride and phosphorus pentachloride, in 
gaseous state per molecule exert a pressure which is double as great 
as that produced by common undissociated gases. According to 
the law of Avogadro, the latter circumstance could only be ex- 
plained by the hypothesis that the molecules of such substances as 
ammonium chloride or phosphorus pentachloride are dissociated, 
when vaporised, into two molecules, namely, ammonia and 
hydrogen chloride or phosphorus trichloride and chlorine, respec- 
tively. The experimental proof of this hypothesis was also given 
by v. Pebal and v. Than in 1862 and 1864. From analogy to this 
experience, there seemed no other possibility open to explain the 
abnormal freezing point of solutions of potassium chloride 
than to suppose that the molecules of this salt were for 
the greater part dissociated into their ions K and Cl. Thus 
Raoult’s measurements of the freezing point gave a means of deter- 
mining the degree of dissociation of a gréat number of substances, 
the aqueous solutions of which he had investigated. By the aid 
of the measurements of Kohlrausch, regarding the molecular con- 
ductivity of different substances, it was possible to make another 


independent determination of their degree of dissociation. The. 


two methods gave values which agreed very well with each other 
when dilute solutions (generally 1 per cent.) were examined. A 
thorough examination by A. A. Noyes and Falk (J. Amer. 
Chem. Soc., 1912, $4, 455) leads to the conclusion that for electro- 
lytes consisting of two univalent ions the difference does not reach 
more than 2 per cent. if the solutions are 0°1 normal or less. The 
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same is also valid for potassium sulphate and lead nitrate. For 
salts such as calcium chloride, calcium nitrate, magnesium chloride, 
etc., the deviation is much greater, the freezing-point method 
giving too high values. The deviation seems to have something to 
do with the hygroscopic nature of most of these salts. For copper 
sulphate and similar salts I have found that the said method gives 
too low values, which is due to the formation of double molecules, 
as Hittorf observed as early as 1859. The change of the molecular 
composition with dilution is seen from the simultaneous change of 
the rate of migration. The chief point is, however, that salts 
(strong acids or bases included) consisting of two univalent ions 
give the molecular depression 2x 1°85=3°7, salts of one bivalent 
ion with two univalent ions give 3x 1°85=5'55, salts of one ter- 
valent ion with three univalent ions give 4x1°85=7'4, etc., 
whereas non-electrolytes give 1°85, all in extreme dilution. In 
extreme dilution the dissociation is complete. 

Further, it was possible to calculate the degree of dissociation 
from the strength of the catalytic action of the acids, and in 1889 
I showed that, within the limits of the errors of observation, the 
values found in this manner agree wholly with the values deduced 
from the magnitude of the electrical conductivity. 

Of the three methods of determining the degree of dissociation, 
that founded on the measurement of the electrical conductivity has 
always been preferred to the other two. This choice is chiefly based 
on practical reasons, because the method is applicable to solutions 
in all solvents, and because it is possible to determine the con- 
ductivity with an accuracy of about 0°2 per cent. up to the highest 
dilutions investigated—about 0°0001 normal. The high dilutions 
are just those by which the trustworthiness of the theory ought to 
be controlled. A theoretical investigation, however, also indicates 
its high value. Thus Charles Kraus, in a recent paper (J. Amer. 
Chem. Soc., 1914, 86, 64), comes to the conclusion: “ The facts dis- 
cussed in this paper corroborate the fundamental hypothesis of 
Arrhenius, that the degree of ionisation of electrolytes is correctly 
measured by the conductance ratio A:A,” (A is the molecular 
conductivity of the solution examined, Ay the corresponding value 
at extremely high dilution). 

_ There was also a fourth fundamental fact in favour of the dis- 
sociation theory, namely, the additive properties of solutions of 
electrolytes. Certainly there are other additive properties valid 


also for non-dissociated substances; for example, the mass of a sub- - 


stance is an absolutely additive property, because it is equal to the 
sum of the masses of the constituents. If we except the mass, how- 
ever, the additive character is far less prominent for undissociated 
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molecules than for electrolytes. Eilhard Wiedemann objected to 
the theory of electrolytic dissociation in 1891, on the ground that it 
used the additive property of the heat of neutralisation as a proof 
of its correctness. He maintained that the heat of salt-formation 
was an additive property, even for non-electrolytes at high dilution. 
“If we replace chlorine by bromine in very dilute solutions of 
hydrochloric acid and of potassium chloride, the quantity of heat 
evolved is the same in both cases.” It was very easy to test the 
assertion of Wiedemann. The maximum difference in the twenty- 
four available figures which ought to support this assertion was 
30°9 large calories, the mean deviation from the average value 
being 6°0 large calories. The corresponding figures for the 
neutralisation of strong acids with strong bases are the maximum 
difference 0°35, and the mean deviation 0°09 large calories. These 
figures ought to be zero if the additive property were absolute, and 
if the errors of observation were eliminated. The condition of 
additivity is approached about seventy times closer in the second 
case. The objection of Wiedemann has never been urged since. 

The additive properties of solutions of electrolytes have for a 
long time attracted the attention of physico-chemists, because they 
are so strongly pronounced. Valson was the first to point to this 
remarkable circumstance (1870), which has been investigated chiefly 
by himself, by Réntgen and Schneider, and by Raoult. If the 
electrolytes are dissociated into their ions, it is quite clear that the 
properties of their solutions may be regarded as the sum of the 
properties of the solvent and of the ions. The additive property 
which is most familiar to the chemist, is the chemical reaction of 
solutions of electrolytes. All salts containing chlorine as ion give 
the reaction “of chlorine,” as it is said, but it would be more 
exact to say “of the chlorine ion.” But chlorates containing the 
ion ClOg, perchlorates with the ion ClO,, the numerous chloro-salts of 
cobalt, platinum, iridium, etc., in which the chlorine is placed in 
the inner sphere, according to Werner, and all the salts of the 
chloro-substituted organic salts, do not give “the reaction of 
chlorine.” This special case has been treated thoroughly by 
Ostwald in his text-books of general and analytical chemistry. 

On these four strong foundations: the freezing point, the elec- 
trical conductivity, the chemical reactions and other additive proper- 
ties of solutions of electrolytes, as well as the strength of acids and 
bases, it was possible to erect a thoroughly solid building capable of 
sustaining attacks from without, and this building is the theory 
of electrolytic dissociation, first enunciated in 1887. 

Attacks against the new disturber were not long delayed. 
They were met with severe blows, chiefly by Ostwald, and the 
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“wild army of the Ionians” (Horstmann’s ironical expression) 
spread fear where it appeared. At the same time, the theory was 
developed in detail, chiefly through the work in Ostwald’s 
laboratory. 

It was clear from the theory of van’t Hoff that the law of 
Guldberg and Waage ought to be applicable to the change of dis- 
sociation with dilution, and this was proved to be true for weak 
acids and bases by the work of Ostwald and Bredig. A little 
later I gave the solution of the general problem regarding the 
equilibrium of any number of electrolytes, whereby the figures of 
Thomsen regarding the avidity of acids became calculable. 
Further, I proved that the law of van’t Hoff regarding the change 
of equilibrium with temperature agrees with the heat of 
neutralisation of weak acids, as measured by Thomsen. 

But there remained a grave difficulty. The law of Guldberg and 
Waage—in this special case called the dilution law of Ostwald— 
was not in accordance with the change of conductivity of strong 
electrolytes with their dilution. Many attempts were made by 
Rudolphi, van’t Hoff, Storch, and others to eliminate this difficulty. 
The efforts have led to the general formula: 


(ca)? _ m 

ai-a)- K+ k(ea) ’ 
in which ¢ is the concentration of an electrolyte dissolved in any 
solvent, a its degree of dissociation, XK, & and m characteristic 
constants. If k=0, we have the law of Ostwald. Evidently, 
k(ca)™ disappears in comparison with X if ¢ is sufficiently small, 
that is, the theory of van’t Hoff is applicable to all electrolytes in 
very high dilution. 

In a very important memoir (J. Amer. Chem. Soc., 1913, 35, 
1314), the validity of this formula has been quite recently proved 
by Kraus and Bray for strong electrolytes dissolved in twenty-six 
different solvents. The law of Ostwald is not applicable at higher 
concentrations than about 0°001 to 0°0001 normal solutions. For 
twelve solvents such dilute solutions have not been measured, so 
that it is at present impossible to state the validity of Ostwald’s 
law for these; but for the remaining fourteen it is possible to 
calculate K, the dissociation constant, in Ostwald’s law. It has a 
value which increases with the dielectric constant in accordance 
with a rule given by Sir Joseph Thomsen and Nernst. It is about 
10-* for methylamine (diel. const. 10) and 55°10-4 for benzonitrile 
(diel. const. 26) as solvent. Kraus and Bray also tried to apply 
this formula to aqueous solutions, and used specially the very 
trustworthy data obtained by Kohlrausch and Maltby with potass- 
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ium chloride. They did not succeed, but diminished the end value 
A, by 1'5 per cent., which is about ten times as much as the probable 
error. 

This failure depends upon the experimental determinations of the 
conductivity of potassium chloride, which are not given in higher 
dilution than 10,000, below which limit the law of Ostwald is 
scarcely applicable, especially because Kohlrausch and Maltby have 
smoothed their values according to an empirical formula. Fortu- 
nately, Kohlrausch and Maltby have given the figures for higher 
dilutions of two salts, namely, the nitrate and chloride of sodium. 
Probably they have observed higher dilutions also for other salts, 
and only give these two sodium salts as examples, because they 
were uncertain if the correction applied for the conductivity of 
the water used was correct. This conductivity depends on carbonic 
acid dissolved in the water. Now it is quite possible to calculate 
the equilibrium between any number of electrolytes in a solution. 
Here we have the salt, for example, sodium nitrate, the carbonic acid 
and the dissolving water, which has a rather insignificant conduc- 
tivity. These three electrolytes give an equilibrium of six non- 
dissociated molecules, namely, NaNO,, H,CO, (of which a part, 
probably, is anhydrous, but this has no noteworthy influence on the 
calculations), H,O, NaHCO,, HNO,, and NaOH, and their five ions, 
Na, NO,, H, HCO., and OH. The equilibrium of H, OH, and H,O 
is not sensibly changed by the addition of the salt, and that makes 
the calculation easier. 

The conclusion to which I came after this calculation, simul- 
taneously with Kraus and Bray, is that the corrected value 
which Kohlrausch used—he subtracted simply the conductivity 
of the water from that of the solution—is very nearly exact, 
and far within the errors of observation. Then it is possible 
to make use of his figures even for the highest dilutions. I found 
that the law of Ostwald is valid between the concentrations 10-5 
and 2°10-4, and, further, that the formula of van’t Hoff, or better, 
Storch, cannot be applied to lower concentrations than 10-4. In 
order to represent the whole interval between the concentrations 
1 and 10-5, we may use a combined formula, such as that given 
above. This compound formula fits very well, but it must be 
recalled that this, as well as the formula of Storch, are wholly 
empirical. The dissociation constant K for extreme dilution is 
about 0°012 for sodium chloride and sodium nitrate, corresponding 
with the high dielectric constant, 80, for water. Kohlrausch’s 
figures indicate that K will be of the same order of magnitude for 
other salts of univalent strong acids with univalent strong bases. 

For acids weaker than acetic acid, a correction for the con- 
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ductivity of the water is necessary, as James Walker showed 
in 1900. For salts of weak acids, such as acetic acid, the correc- 
tion applied by Kohlrausch and others is not exact; for high 
dilutions it would be better not to apply any correction at all. 
A revision of these figures concerning salts of weak acids is there- 
fore very desirable. 

The chief result of these investigations is that the ideal gas laws 
are shown to be true, not only for weak acids and bases, as Ostwald 
has proved, but even for strong electrolytes up to concentra- 
tions between 10-4 and 10-%. 

Regarding the cause of the deviation from the ideal laws at 
rather low concentrations, there are different opinions. In 1899, I 
tried to show that even the weak acids which behave regularly are 
strengthened by the addition of strong neutral salts. Their 
dissociation constant increases with the salt concentration. Lewis 
and Wheeler used (in 1906) this circumstance for explaining the 
behaviour of so-called abnormal electrolytes which show a decrease 
in molecular conductivity on dilution. They dealt with solutions of 
potassium iodide in molten iodine. If the electrical conductivity in- 
creases more rapidly than in proportion to the concentration of the 
salt we have the case of abnormal electrolytes. This occurs when m 
is greater than unity in the last equation. According to the in- 
vestigations of Walden, and of Kraus and Bray, this peculiarity 
is found only for electrolytes in solvents with a low dielectric 
constant (10 or less). This fact seems to point to the hypothesis 
that the dielectric constant is increased by the presence of dis- 
solved strong electrolytes of higher dielectric constant than the 
solvent. Evidently these will have a greater influence when the 
dielectric constant of the solvent is small. This hypothesis has 
been verified by Walden in 1912 and 1913. For aqueous solutions 
the measurements are extremely difficult, and diverging results 
have been obtained by different observers. Poma and Tanzi, on the 
other hand, have drawn the conclusion from their observations 
(of 1911) that the dissociation of water decreases on adding salt. 
Evidently further investigations are needed. 

Besides this most difficult problem of the theory of electrolytic 
dissociation, there are some others less prominent. The chief one 
of these is concerned with the so-called “neutral salt action.” It is 
very well known that in the hydrolysis of sucrose or of an ester 
by means of a strong acid, for example, hydrochloric acid, the 
addition of a neutral salt, for example, sodium chloride, which does 
not react chemically with the acid, increases the velocity of reaction, 
whereas the number of hydrogen ions diminishes. This peculiarity 
has been investigated chiefly by Spohr, myself, Acree, Goldschmidt, 
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and Bredig and their co-workers. The most probable explanation 
seems to be that even the undissociated molecules take part in the 
reaction as catalysts. Snethlage found that the stronger the acid 
the greater is the ratio between the catalytic activity of the un- 
dissociated molecules to that of the hydrogen ions. Taylor came 
to the conclusion that this ratio is proportional to the square root 
of the dissociation constant of the acid. Of course, we have here 
to do with rather concentrated solutions, because the effect is too 
small to be exactly measurable at smaller concentrations of the salt 
than 0°1 normai. For dilute solutions the catalytic activity is pro- 
portional to the concentration of the hydrogen ion, as the theory 
demands. 

This peculiarity seems to indicate that even before the molecules 
are dissociated their ions have a certain degree of individuality 
and act as if dissociated, and this to a higher degree the greater 
the dissociation-constant K is. This is also true for the additive 
properties, which, except for some few cases, such as conductivity 
and light absorption, would otherwise never have been noticed if the 
observations had been confined only to dilute solutions. As is 
well known, Ostwald used the last-named property for demon- 
strating the additive properties in extremely dilute solutions by 
photographing the absorption spectra of strongly coloured solutions 
of salts derived from a weak acid or a weak base. The spectra of 
the salts of the same acid or base are all identical, but very different 
from that of the weak acid or base. From later work it seems 
probable that these eases in which the acid or base differs so very 
much from the salts are met with in derivatives of benzene, which 
may appear in two isomeric forms, one colourless “ benzenoid” form 
and one coloured “ quinonoid” form, to which the salt ions in this 
case belong. Thus, for instance, the well-known indicator phenol- 
phthalein reacts in the following manner on adding a strong base, 
for example, potassium hydroxide: 


/SACoHy OH), C<CH'O H,O 
o,H.~ >0 +KOH = cH +H; 
\ 6 \ 
CO CO, K 
i’henolphthalein (benzenoid). (Potassium calt of phenolphthalein 


(quinonoid). 


Finally, frequent reference has been made to the circumstance 
that copper or cobalt salts exhibit the same colour in very dilute 
and in concentrated solutions, or even in the solid state with water 
of crystallisation; for example, the pentahydrate of copper 
sulphate (blue vitriol), notwithstanding that the degree of dis- 
sociation of the salt runs from about 18 to 70 per cent. when the 
concentration changes from 2 normal to 0°005 normal. If, however, 
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the salt is dehydrated, the colour changes in a marked degree. 
Here, evidently, the hydration plays the most important réle, and 
it may be concluded that the hydrated copper ion has the same 
colour as the hydrated molecule of copper sulphate. The cobalt 
ions behave in a similar manner. 

The opinion that ions ought to have a quite different absorption 
of light from that of undissociated molecules has been much ex- 
aggerated. Donnan observed that the undissociated molecules of 
the salts of violuric acid possess the same colour as their ions; 
but the undissociated molecules of violuric acid have a quite 
different colour. In analogy to this, I have observed that the 
undissociated molecules of sodium salts in the flame emit precisely 
the same light with the same intensity as their sodium ions. 

Robert Wright has recently investigated acids of such simple 
composition that a change in their molecular configuration on 
neutralisation cannot be suspected. He found that strong, nearly 
wholly dissociated, acids exert the same absorptive power on light 
as their salts. Weak acids, on the other hand, often show a great 
difference from their salts. It is of especial interest that an acid, 
such as oxalic acid with two hydrogen ions, of which the one 
is strongly and the other very slightly dissociated from the 
molecule, does not suffer any sensible change in absorptive power 
if the first hydrogen ion is exchanged for a metallic ion, but 
shows a very notable change in this respect when the second 
hydrogen ion is replaced by a metallic one. These results are in 
complete agreement with the demands of the theory. 

As a general conclusion, it may be stated that the difficulties 
inherent to the theory of electrolytic dissociation have been over- 
come only within a very recent period, when the observed facts 
have been more closely examined. It is now our task to investigate 
the causes which interfere with the simple laws in more concen- 
trated solutions, and to find those other theoretical laws which 
govern these deviations. 
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CXXXIV.—The Addition of Negative Radicles to 
Schiff’s Bases. 


By Tuomas CaMPBELL JaMEs and CiirrorpD WILLIAM JUDD. 


Scutrr’s bases readily form additive compounds with halogens, 
acyl and alkyl haloids, which, with a few exceptions, have not 
been studied in detail. : 

Hantzsch (Ber., 1890, 28, 2773) has shown that benzylidene- 
aniline combines readily with bromine to give a dibromide, and 
with iodine to form a ccmpound to which he does not assign a 
formula. He examined the properties of these substances with 
a view to elimination of the halogens and preparation of a stereo- 
isomeride of the original base. In this he was not successful, for 
the dibromide decomposed readily when acted on by alkaline 
reagents, yielding pbromoaniline and benzaldehyde, according to 
the equation: 

C,H,;-CH:N-C,H,,Br. + H,O =C,H,°CHO + C,H,Br-NH,+ HBr, 
whilst the iodide readily gave up iodine, yielding the original 
base. 

A dibromide of benzylidene-ptoluidine has been described by 
Mazzara (Jahresber., 1880, 560), who assumed that the bromine 
had entered into the amine ring, and that the compound possessed 
the formula CH,°C,H,Br.-N:CH:C,H;. Hantzsch has suggested 
that this compound is of the same type as the dibromide mentioned 
above. 

Schiff (Annalen, 1887, 289, 384) has described dibromo-deriv- 
atives of several bases derived from cinnamaldehyde, and in each 
case has assumed that the addition takes place at the double bond 
of the aldehyde residue. 

In a recent communication, Franzen and Eidis (J. pr. Chem., 
1913, [ii], 88, 755) have described the dibromide of benzylidene- 
B-naphthylamine, to which they ascribe the formula 

C,,H;-NBr-CHBr-C,H;. 
It decomposes readily, with the formation of 1-bromo-2-naphthyl- 
amine. 

Additive compounds of benzylideneaniline and benzylidene-p- 
toluidine with methyl and ethyl iodides have been described by 
Hantzsch (Ber., 1901, 34, 836), who ascribes to them formule of 
the type C,H,-CH:NI(CH,)-C,H;. By decomposition with water 
they yield benzaldehyde and the original amine. Tinkler (<., 
1913, 108, 885) has described the analogous cinnamylidene-p- 
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toluidine methiodide, and from a consideration of its absorption 
spectrum formulates it as a quinonoid compound. 

In the present investigation, the action of Schiff’s bases with 
chlorine, bromine, and iodine has been examined. Im every case 
it has been observed that additive compounds are formed; gener- 
ally, when the temperature is kept low and the solutions are dilute, 
these are dihalogen additive compounds. The tendency towards 
the formation of polyhalogen derivatives is, however, very great, 
and in the case of chlorine and bromine substitution in the amine 
ring takes place with ease when excess of the halogen is used. In 
the majority of cases it has been found impossible to purify the 
products by crystallisation, for they are invariably only sparingly 
soluble in non-ionising media, and are generally decomposed by 
hydroxylic solvents. 

In the case of the chlorine and bromine additive compounds, de- 
composition appears to take place in two ways, namely: (1) accord- 
ing to the equation given by Hantzsch (above), and (2) by decom- 
position into the original base and free halogen. In cases where 
the para-position of the amine does not contain a substituent, the 
decomposition takes place almost completely in the former sense, | 
but when the para-position is filled, the second reaction may occur | 
partly or completely. Thus cinnamylidene-pchloroaniline di- 
chloride, on distillation with dilute alkali, yields cinnamaldehyde 
and p-chloroaniline only, whilst benzylidene-ptoluidine dibromide 
under similar conditions yields benzaldehyde and a mixture of 
o-bromo-p-toluidine and ptoluidine. The iodine additive com- if 
pounds decompose in the second sense only. 

In all cases, even when no substitution of halogen takes place 
in the amine ring, the aldehyde is recovered unchanged on decom- 
position of the additive compounds, so that the addition of the 
halogen probably does not take place at the double bond between 
carbon and nitrogen, as assumed by Franzen and Eidis (loc. cit.). 
In the case of the cinnamylidene derivatives, the addition does 
not take place at the double bond of the aldehyde residue, as 
suggested by Schiff (Joc. cit.), for cinnamaldehyde is obtained on 
decomposition. 

Similar additive compounds are obtained when Schiff’s bases are 
treated with acyl haloids under the conditions described above. 
Thus benzylideneaniline yields with benzoyl chloride a yellow com- 
pound, C,H;-CH-N-C,H;,C,;H;-COCI, which decomposes readily on 
keeping or on treatment with alkali, according to the equation: 


C,H,CH:N-C,H,,C,H,-COCI + H,0 =C,H,-CHO + HCl + 
C,H,*NH-CO-C,H;. 
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These additive compounds are probably to be formulated as 
containing quinquevalent nitrogen, thus: 
(I) C,H;-CH:NBr,°C,H, C,H;-CH:NCl(C,H,)-CO-C,H,, 


or 


(II) C,H; CH:NBr:C,H,<f 
CyH;-CH:N(CO-C,H,):0,H,<H. 


The chlorine compounds possess a distinct yellow colour, whilst 
the bromine compounds are orange. These facts appear to sup- 
port formula II; on the other hand, the decomposition of the 
derivatives formed with acyl haloids are more conveniently ex- 
pressed by formula I. 

Attempts made to prepare stable compounds of Schiff’s bases 
with alkyl haloids (compare Tinkler, loc. cit.), with a view to 
attempts at resolution, have not, as yet, been successful. The 
action of halogens on other types of compounds containing a 
double bond between carbon and nitrogen is at present being 
investigated. 


EXxPERIMENTAL. 
I. Addition of Chlorine. 
Benzylideneaniline Dichloride, C,H;-CH:N-C,H,,Cl,. 


Preliminary experiments indicated that, in order to prepare a 
pure additive compound, rather less than the theoretical amount of 
chlorine, dissolved in carbon tetrachloride, should be added to a 
solution of the base in the same solvent, the temperature being 
kept at 0°. The general method of experiment is illustrated in the 
following case. 

Ten grams of benzylideneaniline were dissolved in 100 c.c. of 
carbon tetrachloride, and the solution cooled to 0°. Ninety-five 
per cent. of the theoretical amount of chlorine (3°92 grams) dis- 
solved in 100 cc. of the same solvent was added in portions of 
10 c.c., the total time of addition being thirty minutes. A yellow, 
amorphous precipitate separated out, which, after remaining for 
half an hour, was collected, washed with small quantities of carbon 
tetrachloride, and dried in a vacuum desiccator. The yield was 
5°2 grams, and the substance melted at 158—159° (decomp.) : 

0°2356 required 1°800 c.c. W-AgNO;. Cl=27°51. 

C,,H,,NCl, requires Cl= 28°14 per cent. 

The compound is only sparingly soluble in carbon disulphide, 
chloroform, benzene, etc., and on exposure to moist air, or on treat- 
ment with water, rapidly decomposes, with the formation of 
benzaldehyde. It dissolves readily in alcohol, the solution being 
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distinctly acidic. On addition of silver nitrate solution, a copious 
precipitate of silver chloride is obtained ; the acidity of the solution 
is therefore due to liberated hydrogen chloride: 

0°1342 required 12°40 c.c. 0°0476 NW-baryta. HCl=16°02. 

If C,3H,,NCl, loses 1HCl, HCl=14°48 per cent. 

The alcoholic solution of the substance does not liberate iodine 
from aqueous potassium iodide solution, but iodine is liberated 
when the substance is warmed with potassium iodide and hydro- 
chloric acid. 

Decomposition with Alkalis—When warmed with alkalis, the 
substance decomposes, yielding benzaldehyde and pchloroaniline ; 
thus 2°5 grams, when decomposed with sodium ethoxide, gave 
0°40 gram of benzaldehyde (semicarbazone, m. p. 214°) and 0°5 
gram of p-chloroaniline (acetyl derivative, m. p. 179°). 

Decomposition with Acid—When warmed with hydrochloric 
acid, the substance yields benzaldehyde and a mixture of aniline 
and pchloroaniline. If concentrated acid is used, the amine is 
almost entirely aniline; thus 5 grams of the dichloride yielded 
3°25 grams of acetanilide. 

Benzylidene-o-chloroaniline dichloride, C,H;*CH:N-C,H,C1,Cl,, 
has been prepared by the method given above. It is a yellow 
powder, melting at 172°: 

0°4536 gave 0°6446 AgCl. Cl=36°58. 

C,3H,)NCl, requires Cl=37°13 per cent. 

By decomposition with acids or alkalis, it yields benzaldehyde 
and 2: 4-dichloroaniline (m. p. 63°; acetyl derivative, m. p. 145°). 

A similar derivative is precipitated when a solution of chlorine 
in carbon tetrachloride is added to benzylidene-p-chloroaniline dis- 
solved in the same solvent. The product is. very unstable, and 
decomposes rapidly when the solvent is removed. On shaking 
with dilute ammonia solution it yields benzylidene-p-chloroaniline. 

Cinnamylidene-p-chloroaniline, C,H;*CH:CH-CH:N-C,H,Cl, is 
prepared by warming together equivalent amounts of cinnam- 
aldehyde and p-chloroaniline for a few minutes. It crystallises 
from methyl alcohol in pale yellow plates, melting at 107°: 

0°2470 gave 0°1515 AgCl. Cl=15:17. 

C,;H,,NCl requires Cl=15°59 per cent. 

Cinnamylidene-p-chloroaniline dichloride, 

C,H;-CH:CH-CH:N-C,H,C1,Cl,, 
is prepared in the manner previously described. It is a yellow 
powder, melting at 158°: 

0°1709 gave 0°2312 AgCl. Cl=33°44. 

C,;H,,.NCl, requires Cl=34°08 per cent. 
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When decomposed by distillation with hydrochloric acid it yields 
cinnamaldehyde and p-chloroaniline (acetyl derivative, m. p. 179°). 

Similar dichlorides are given by benzylidene-o-toluidine and 
benzylidene-ptoluidine. These are very unstable, and have not 
been examined further. 


II. Addition of Bromine. 


Benzylideneaniline Dibromide.—This compound has been pre- 
pared by Hantzsch (loc. cit.) by the addition of bromine to the 
base in carbon disulphide solution. It decomposes readily on 


warming with alkalis or acids, yielding benzaldehyde and »bromo- 
aniline. 


m-Nitrobenzylideneaniline Dibromide, 
NO,°C,H,°CH:-N°C,H,,Bro. 

—4'5 Grams of m-nitrobenzylideneaniline were dissolved in 50 c.c. 
of carbon tetrachloride, and the solution was treated gradually 
with the theoretical amount of bromine in 50 c.c. of the same 
solvent at 0°; there were obtained 5°0 grams of the additive com- 
pound, which consists of a yellow powder, melting and decomposing 
at 185—190°: 

0°3755 required 1°911 c.c. W-AgNO;,. Br=40°72. 

C,3H,,O,N,Br, requires Br=41°45 per cent. 
0°1965 required 29°85 c.c. 0°01993 N-baryta. HBr=24'52. 
If C,3H,,O,N,Br, loses 1HBr, HBr=21'04 per cent. 

When decomposed with sodium ethoxide it yielded m-nitrobenz- 
aldehyde (semicarbazone, m. p. 246°) and pbromoaniline (acetyl 
derivative, m. p. 167°). 

Benzylidene-o-toluidine dibromide, C,H,;*-CH:N-C,H,°CHsz,Bro, 
was prepared in a similar manner. The substance separated as a 
gummy mass, which solidified to an orange-coloured powder, melt- 
ing at 142°: 

0°1968 required 1:110 c.c. W-AgNO,. Br=45'01. 

C,,H,,NBr, requires Br=45°07 per cent. 

The substance dissolves readily in absolute alcohol, and the solu- 
tion on keeping deposits colourless plates of pbromo-o-toluidine 
hydrobromide. (Found, HBr=31'13. Cale., HBr=30°33 per 
cent.) 

Benzylidene-p-toluidine dibromide, C,H;-CH:N-C,H,°CH3,Bro.— 
Twelve grams of benzylidene-p-toluidine (m. p. 34°) were dissolved 
in 100 c.c. of carbon tetrachloride, and the theoretical amount of 
bromine (10 grams), dissolved in 100 c.c. of the solvent, was added 
gradually, the temperature being kept at 0°. An orange-yellow 
precipitate was rapidly formed, which after half an hour was 
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collected, washed with carbon tetrachloride, and dried in a vacuum 
desiccator. The yield was 13°5 grams, and the substance melted 
at 174—175° (Mazzara, loc. cit., gives 165°). (Found, Br=45°03. 
C,,H,;NBr, requires Br=45-07 per cent.) 

The substance is only sparingly soluble in ether, benzene, or 
chloroform, but dissolves readily in alcohol, yielding a solution 
which is distinctly acidic, and, on keeping, deposits crystals consist- 
ing of a mixture of the hydrobromides of ptoluidine and o-bromo- 
p-toluidine. 

Ten grams of the dibromide were decomposed by treatment with 
an alcoholic solution of sodium ethoxide. The resulting amines 
were acetylated, and the product (3°2 grams) was separated by 
fractional crystallisation from a mixture of benzene and light 
petroleum into aceto-p-toluidide (m. p. 153°) and o-bromoaceto- 
ptoluidide (m. p. 117—118°) in the approximate proportion 
of 2:1. 

An alcoholic solution of the dibromide, when titrated with 
standard baryta solution, requires considerably more alkali than 
would be required on the supposition that the compound yields one 
molecule of hydrogen bromide: 


0°3853 required 36°80 c.c. 0°0476N-baryta. HBr=36°37. 
If C,,H,,NBr, loses 1HBr, HBr=22°82 per cent. 


It is obvious in this case, therefore, that on treatment with 
alkali only’ about 20 per cent. of the halogen enters the amine ring, 
the remainder being eliminated. 

Benzylidene-m-mitroaniline dibromide, 

C,H;-CH:N-C,H,°NO,,Bry, 
was prepared by treating a solution of the base in carbon 
disulphide with the theoretical amount of bromine at 0°. It is an 
orange-coloured powder, melting at 222°: 


0°2070 gave 0°1992 AgBr. Br=40°96. 

C,3H,,O,N,Br, requires Br=41°45 per cent. 
0°1864 required 28°00 c.c. 0°02056N-baryta. HBr=25:1. 
' If C,3H,)0,N,Br, loses 1HBr, HBr=20'9 per cent. 


Decomposition of the dibromide with alkali yielded a mixture of 
amines, which were separated by dissolving in hydrochloric acid 
and fractionally precipitating with ammonia into pbromo-m- 
nitroaniline (m. p. 131—132°) and m-nitroaniline (m. p. 114°). 

Benzylidene-p-mitroaniline dibromide, CgH,-CH:N-C,H,°NO,,Bry, 
was prepared in a similar manner using glacial acetic acid as solvent. 
It is an orange-yellow powder, melting at 196—198°: 


0°2028 gave 0°1930 AgBr. Br=40°51. 
C,3H,,O,N,Br, requires Br =41°'45 per cent. 
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0°2920 required 21°50 c.c. 0°05311N-baryta. HBr=31°7. 
If C\;H,)0,N,Br, loses 1HBr, HBr=20°9 per cent. 


The dibromide, when treated with alkali and distilled with 
steam, yielded benzaldehyde (phenylhydrazone, m. p. 157°) and a 
mixture of amines, which were separated as above into o-bromo-p- 
nitroaniline (m. p. 104—105°) and p-nitroaniline (m. p. 147°). 
An analysis of the mixture of amines indicated that it contained 
55 per cent. of the bromoamine. 

Benzylidene-B-naphthylamine dibromide, C,H;-CH:N*C,)H,,Bro, 
has recently been described by Franzen and Eidis (loc. cit.), but 
their product, as appears from the analysis, is impure. Using 
carbon tetrachloride as solvent, and observing the precautions 
described above, we have obtained the substance as a yellow 
powder, which darkens on heating to 160° and melts at 197—198°: 


0°1475 required 1°700 c.c. V-AgNO,. Br=40°86. 
C,,H,,;NBr, requires Br=40°89 per cent 
0°1925 required 27°2 c.c. 0°02147N-baryta. HBr=21°24. 
If C,,H,,NBr, loses 1HBr, HBr=20°50 per cent. 


Decomposition with acids or alkalis gives a theoretical yield of 
1-bromo-2-naphthylamine (acetyl derivative, m. p. 140°). 

Cinnamylideneaniline dibromide, C,H;-CH:CH°CH:N:-C,H,,Brz, 
has been described by Schiff (Joc. cit.), who ascribed to it the 
formula C,H;-CHBr-CHBr-CH:N:-C,H;. The substance obtained 
by the addition of bromine to cinnamylideneaniline in acetic acid 
solution is an orange-coloured powder, melting at 196—198°. 
(Found, Br=44°00. C,;H,,NBr, requires Br=43°59 per cent.) 

When decomposed with sodium ethoxide, the substance yields 
p-bromoaniline (acetyl derivative, m. p. 167°), and when distilled 
with acid it yields cinnamaldehyde (phenylhydrazone, m. p. 168°). 

Cinnamylidene-o-toluidine, C,H;-CH:CH-CH:N-C,H,°CHs.— 
This base was prepared by warming a mixture of equivalent pro- 
portions of cinnamaldehyde and o-toluidine in a water-bath for 
two hours. It crystallises from light petroleum in yellow plates, 
melting at 73°: 

0°3204 gave 17°80 c.c. N, at 17° and 740 mm. N=6°42. 

C,,H,,N requires N =6°33 per cent. 
Cinnamylidzne-o-toluidine dibromide, 
C,H,-CH:CH-CH:N-C,H,-CH;,Br,, 

was prepared in the usual manner, using acetic acid as solvent. 
It is an orange-coloured powder, melting at 195°: 


0°2092 gave 0°2090 AgBr. Br=42°52. 
C,,H,;NBr, requires Br=41°99 per cent. 
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0°1740 required 9°8 c.c, 0°0531N-baryta. HBr=24°2. 
If C,,H,,NBr, loses 1HBr, HBr=21°2 per cent. 

When decomposed with alkali it yielded cinnamaldehyde and 

p-bromo-o-toluidine (acetyl derivative, m. p. 156°). 

Cinnamylidene-p-toluidine dibromide, 

; C,H,;°CH:CH-CH:N-C,H,°CH;,Brz, 
was prepared as above, using acetic acid as solvent. It is an 
orange-coloured powder, melting at 192—194°: 

0°2716 gave 0°2644 AgBr. Br=40°97. 

C,,H,,NBr, requires Br=41'99 per cent. 
0°3176 required 23°0 c.c. 0°0531N-baryta. HBr=31°2. 
If C,,H,;NBr, loses 1HBr, HBr=21°2. 

On decomposition with alkali, the substance yields cinnam- 
aldehyde and a mixture of ptoluidine and o-bromo-ptoluidine 
(acetyl derivative, m. p. 117—118°). 

Cinnamylidene-m-bromoaniline, C,H,-CH:CH:-CH:N-C,H,Br, 
was prepared by mixing equivalent proportions of cinnamaldehyde 
and m-bromoaniline, both freshly distilled, when, on shaking, the 
product crystallised out. When recrystallised from acetone, it 
forms pale, yellow plates, melting at 115—116°: 


0°3500 gave 0°2314 AgBr. Br=28°13. 
C,;H,,.NBr requires Br=27°97 per cent. 


Cinnamylidene-m-bromoaniline dibromide prepared as above, 
using carbon disulphide as solvent, was obtained as a reddish 
powder, melting at 182—183°: 

0°1856 gave 0°2356 AgBr. Br=54°03. 

C,;H,,NBr, requires Br=53°81 per cent. 


0°1714 required 9°50 c.c. 0°0531 N-baryta. HBr=23°9. 
If C,;H,;,.NBr; loses 1HBr, HBr=18:2 per cent. 


When decomposed by distilling with hydrochloric acid, it yielded 
cinnamaldehyde and 3: 4-dibromoaniline (acetyl derivative, m. p. 
128°). 

Cinnamylidene-m-nitroaniline, C,H;-CH:CH:CH:N-C,H,*NO,.— 
Equivalent amounts of cinnamaldehyde and m-nitroaniline were 
dissolved in methyl alcohol. On keeping, the base separated in 
pale, yellow crystals, which were recrystallised from light 
petroleum, and then melted at 92—93°: 

0°4176 gave 41°15 c.c. N, at 17° and 740 mm. N=11°34. 

C,;H,,0,N, requires N=11°'11 per cent. 

Cinnamylidene-m-nitroaniline dibromide, 

C,H;-CH:CH-CH:N:C,H,-NO,,Bro, 
was prepared by the general method, using carbon disulphide as 
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solvent. It is an orange-coloured powder, melting at 186—187°, 
which decomposes readily on exposure to moist air, evolving fumes 
of hydrogen bromide: 

0°2530 gave 0°2360 AgBr. Br=39°70. 

C,;H,,0,N,Br, requires Br= 38°83 per cent. 

When decomposed with hydrochloric acid, the substance yields 
p-bromo-m-nitroaniline (m. p. 131—132°; acetyl derivative, m. p. 
143°). 

m-Nitrobenzylidene-m-nitroaniline dibromide, 

NO,°C,H,°CH:N°C,H,°NO,,Bro, 
prepared as above, using glacial acetic acid as solvent, separated 
out gradually as an orange-coloured powder, melting at 255°: 


0°2372 gave 0°2122 AgBr. Br=38°07. 
C\;H,O,N,Br, requires Br =37°12 per cent. 
When decomposed with hydrochloric acid, it gives m-nitrobenz- 
aldehyde and a small yield of pbromo-m-nitroaniline (m. p. 
131—132°). 


III. Addition of Lodine. 


Benzylideneaniline Tetraiodide——Hantzsch (loc. cit.) has pre- 
pared an additive compound of benzylideneaniline with iodine by 


treating the base with one molecular proportion of iodine in 
benzene solution, but did not analyse the product. We have re- 
peated his experiment, and by recrystallising the substance from 
benzene obtained the pure substance, melting at 110°. It consists 
of fine, purple-coloured needles. An analysis indicated that it is 
a tetraiodide: 


0°4299 gave 0°5681 AgIl. I=73°70. 

C,3H,,NI, requires I=73°73 per cent. 

On shaking the substance with sodium thiosulphate solution and 
ether, the benzylideneaniline is recovered from the ethereal 
solution. 

Benzylideneaniline Di-iodide—The substance, on keeping in 
sunlight, was observed to change its colour, yielding a brick-red 
powder. The change was considerably accelerated by heating to 
70—80°, iodine being evolved. The same product is also obtained 
when a solution of iodine in benzene is added in small quantities 
to a solution of the base, the precipitate in each case being filtered 
off before the next addition of iodine. The substance is only 
sparingly soluble in benzene, and melts at 158—159°: 


0°1208 gave 0°1294 AgI. I=57°88. 
C,3H,,NI, requires [=58°40 per cent. 
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The iodine is completely removed by shaking the substance with 
sodium thiosulphate or by warming with alkali. 

Cinnamylideneaniline Di-iodide, C,H;-CH:CH:°CH:N-C,H,,L, 
was prepared by adding a solution of one molecular equivalent of 
iodine in acetic acid to the base dissolved in the same solvent. A 
brown precipitate is formed, which was washed repeatedly with 
benzene, yielding a reddish, crystalline powder, melting at 166°: 


0°3002 gave 0°3083 AgI. I=55°49. 
C,;H,3NI, requires I=55°08 per cent. 
When decomposed by steam distillation with dilute hydro- 
chloric acid, the substance yielded iodine, cinnamaldehyde, and 
aniline. 


IV. Addition of Acyl Haloids. 


Benzylideneaniline Benzoyl Chloride, 
C,H,;-CH:N-C,H;,C,H;*COCI. 
—A solution of benzoyl chloride in carbon tetrachloride was added 
gradually to a dilute solution of an equivalent amount of benzyl- 
ideneaniline in the same solvent at 0°. A yellow precipitate was 
slowly formed, which, after remaining overnight, was separated, 
washed with carbon tetrachloride, and dried in a vacuum desic- 
eator. It melted at 133—134°: 


0°2645 gave 0°1287 AgCl. Cl=12°03. 
C,)H,,ONCl requires Cl=11°04 per cent. 
0°2645 required 9°75 c.c. 0°0917N-baryta. HCl=12°3. 
If CypH,,ONC1 loses 1HCl, HC1=11°36 per cent. 


On distilling with dilute alkali, the substance gives benzaldehyde 
and a theoretical yield of benzanilide. 


We beg to thank the Research Fund Committee of the Chemical 
Society for a grant in aid of this work. One of us is also indebted 
to the Education Committee of the Glamorgan County Council for 
a Research Scholarship. 
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CXXXV.—Studies in the Diphenyl Series. Part VI. 
The Configuration of Diphenyl and its Derwatives. 
By JoHn CanneLL Cain and Frances Mary Gore MIcKLETHWAIT. 


In Part II of this series of papers (Cain, Coulthard, and Mickle- 
thwait, T., 1912, 101, 2298) it was shown that two distinct 
o-dinitrobenzidines exist, and it was suggested, “in the absence of 
any direct chemical evidence” (loc. cit., p. 2301), that the formulz 
of these compounds might be as follows: 


NO, . N O. UN 0, 
One Caen. 
. li N e ae — 
3 : 5’-Dinitrobenzidine. 3 : 3’-Dinitrobenzidine. 


A possible alternative explanation of this isomerism, based upon 
measurements of the absorption spectra of the two compounds, was 
put forward by Cain, Macbeth and Stewart (T., 1913, 108, 586), 
in which it was suggested that it might be due to differences in 
the tendency towards internal salt-formation, thus: 


NO NO-O O-—ON NO-O 
st 2 all | | a =i | 
NH, S— INH NH: S—C INH 
a ee i i OP rae 
3 : 5’-Dinitrobenzidinae. 3 : 3’-Dinitrobenzidine. 


Neither of these explanations, however, appears to be entirely 
satisfactory, especially in view of the large number of compounds 
showing the same isomerism in which the amino-groups had been 
displaced by acidic elements or groups (compare Cain, Coulthard, 
and Micklethwait, T., 1913, 108, 2074), and the view was ex- 
pressed (T., 1913, 108, 2074) that Kaufler’s stereochemical 
formula for diphenyl (Annalen, 1907, 351, 151; Ber., 1907, 40, 
3250) might be of help in elucidating the character of this peculiar 
isomerism (compare also Green and Rowe, T., 1913, 103, 2035). 

This space formula for diphenyl, 


essai 
_* 
call 
was suggested principally to account for the existence of such 
cyclic compounds as phthalylbenzidine, 
H,'NH:CO. 
6tt4 
H,-NH-CO> CsH» 
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and Kaufler pointed out that the two amino-groups of benzidine must 
be much closer together than is represented by the usual formula, 
NH,°C,H,°C,H,N Hg. 

In view of the many cyclic compounds of the above type that 
exist, Kaufler’s theory appears to be a most probable one, and we 
are now able to bring forward facts which appear to prove that it 
is correct. 

The formation of cyclic acidic derivatives of benzidine, such as 
carbonyl-, thiocarbonyl-, oxalyl-, and phthalyl-benzidine, although 
pointing to the configuration of benzidine advocated by Kaufler, 
cannot be regarded as a proof of that structure; and mention may 
be made in this connexion of the work of R. Meyer (Annalen, 
1903, 327, 1), who drew attention to the fact that carbamides 
and thiocarbamides of the types 


NH 
OH <Q >CO and 08, <R Eos, 


are formed, not only from aromatic o-diamines, but also from m- 
and pdiamines, although similar derivatives of oxalic acid and 
diamines have only been obtained from the ortho-compound, and 
no similar condensation product of phthalic anhydride and a 
p-diamine appears to be known. 

In order to obtain more information on this question, we have 
submitted benzidine to the action of reagents for ortho-diamines, 
and have found that this base readily forms condensation products 


with the ortho-diketones, glyoxal, and benzil. With phenanthra- - 


quinone, under the conditions of the experiment, the formation of 
a condensation product was not observed. 

o-Tolidine also forms similar condensation products with benzil 
and glyoxal, and the latter compound was analysed; no con- 
densation took place with o-dinitrotolidine. 

The compounds formed have evidently the constitution 


< ™: ‘. 
= my ra 


(where R=H or C,H;), a mld from the quinoxalines in that 
they appear to be extremely reactive. It was, indeed, not possible, 
so far as our experiments went, to isolate the benzidine compounds 
as such, for the product, for example, of the interaction of benz- 
idine and benzil was syrupy, and was obtained in a crystalline form 
by treatment with methyl] or ethyl alcohol. The substance then con- 
tained 2MeOH or 2EtOH respectively, and this combined alcohol 
could not be expelled by heating. 


= 
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Similarly, the product of the interaction of benzidine and glyoxal 
(used in the form of its sodium hydrogen sulphite compound) 
contained sulphurous acid, and this, on treatment with sulphuric 
acid, evolved sulphur dioxide, and left a substance containing 
sulphuric acid. 

The formation of these compounds recalls those described by 
Morgan and Hird (T., 1907, 91, 1506) (I) and Morgan and 
Micklethwait (T., 1908, 98, 615) (II), which also contain two 
molecules of an extraneous substance, in this case, water: 


~ \u 4 Nn 
>A} 2H,0 —< | 2H,O 
< _N-80,Ph’ : 4 N804°C,98; ; 
(L) (II.) 
If, now, Kaufler’s formula for diphenyl be considered more 
closely, it will be seen at once that, although conveniently repre- 


sented in one plane, its true depiction must be three-dimensional, 
thus: 


Pas ~ 
ull i 
a 4 , % 
Yaar 
6 “< ‘a 


and it is obvious that the positions 2—2’, 3—3’, 4—4’, 5—5’, and 
6—6’ are thus brought respectively close to each other. Consider- 
ing, now, the two simplest isomeric compounds that have been 
described (Part II, loc. cit.), namely, those which were designated 
3: 3/- and 3: 5/-dinitrodiphenyl, it would appear, from the above 
space formula, that the presence of substituents in the 3: 3/- and 
3: 5/-positions would, owing to steric or other kind of hindrance, 
prevent one of the benzene rings from rotating, as it might be free 
to do in diphenyl itself. It seems certain, in the case under con- 
sideration, that the explanation of the isomerism lies in the non- 
rotation of one of the benzene rings, but it does not appear in 
any way excluded that, with certain substituents, rotation might 
take place. Moreover, the distance between the two amino-groups 
of benzidine may possibly be a little greater than that between the 
two amino-groups in an o-diamine, and this may explain the 
inability of phenanthraquinone to condense with benzidine, because 
it would appear, from a consideration of the formula, that the 
ketonic groups in phenanthraquinone may be more rigidly fixed, 
by reason of their forming part of a ring, than is the case with 
benzil or glyoxal, and therefore might not be able to adapt them- 
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selves to interaction with the possibly more widely placed amino- 
groups of benzidine. The presence of certain substituents in the 
benzidine molecule may also widen the distance between the two 
benzene nuclei, and thus prevent condensation even with benzil 
or glyoxal, as is the case with o-dinitrotolidine, although this 
distance may not be great enough to allow rotation to take place. 

This conception of the space configuration of the two isomeric 
dinitrophenyls, which applies, of course, to all the other sets of 
isomeric compounds described by us, appears to offer a satisfactory 
explanation of the isomerism, but our knowledge of the internal 
construction of the molecule and the relative influence of sub- 
stituents on each other is so meagre that we are not prepared to 
say whether, for example, the 3: 3/- and 3: 5/-derivatives are thus 
correctly designated, the only doubt being, however, as to whether 
the numbers should be interchanged or not. 

It should be mentioned that we have hitherto investigated only 
the isomerism that occurs when the substituents are nitro-groups, 
and it would be premature at this stage to speculate as to the 
possibility of it taking place with other groups, as so many other 
factors are involved in the consideration of this question. 


EXPERIMENTAL. 


Compound of Benzil and Benzidine, 


0,H,'N:C-O,H, 
HN: we (or 2EtOH). 

Equimolecular amounts of benzil and benzidine are warmed 
together in glacial acetic acid solution, when a yellow precipitate 
is formed at once, and increases on further warming the solution. 
This is collected, washed with alcohol, and dissolved in benzene. 
Crystallisation from this solution is induced by the addition of a 
few drops of ethyl alcohol. If the benzene solution is evaporated, 
a viscid mass is left, which immediately becomes yellow and crystal- 
line when brought into contact with ethyl alechol. The compound 
forms a canary-yellow, crystalline powder, melting at 224—225°: 


0°1012 gave 5°4 c.c. Ng at 17°5° and 7575 mm. N=6°28. 
C.gHgN>,2C,H,O requires N=6°22 per cent. 


If the viscid product, obtained after evaporating the benzene 
solution, is melted several times under hot methyl alcohol, the 
latter poured off, and the residue brought into contact with cold 
methyl alcohol, a pale, orange substance is obtained, which melts 


at 113°: 
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0°4114 gave 22°8 c.c. Ny at 14° and 742°77 mm. N=6°4l. 
C.gH,gN2,2CH,O requires N=6°63 per cent. 

On heating, both the above substances evolve an odour of the 
alcohol with which they are combined, but the loss in weight is 
slight, bearing no relation to the alcohol content, and the com- 
pound decomposes. 


., OH, N:CH 
Compound of Glyoxal and Benzidine, 6a en:cp 280s: 


An alcoholic or aqueous solution of benzidine is mixed with an 
aqueous solution of an equimolecular amount of glyoxal (in the 
form of its sodium hydrogen sulphite compound). A yellow sub- 
stance is precipitated on warming, the quantity of which increases 
when the heating is continued. The compound is insoluble in 
water, alcohol, acetic acid, benzene, or cumene, and melts in- 
definitely at about 250°. It was purified by extraction with water 
and alcchol: 

0°1836 gave 14°7 c.c. Np at 10° and 755 mm. N=9°85. 

C,,H >N>,H,SO, requires N=9°72 per cent. 


m3:3;,., CeHsMeN:CH 
Compound of Glyoxal and Tolidine, &.H,Me-N:CH" 

An alcoholic solution of tolidine (2°1 grams) is mixed with an 
aqueous solution of glyoxal sodium hydrogen sulphite (2°7 grams), 
and the mixture boiled. A  yellowish-brown, viscid substance 
separates, which hardens when the liquid is poured off. This was 
purified by extraction with water and alcohol, when it melted 
at 92°: . 

0°1088 gave 11°2 c.c. N, at 18° and 76455 mm. N=12°14. 

C,,H,,N, requires N=11°96 per cent. 


The authors’ thanks are due to the Chemical and Royal Societies 
for grants in aid of the above investigation. 


24 AYLESTONE AVENUE, 
BRONDESBURY ParK, N.W. 
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CXXXVI.—Studies in the Diphenyl Series. Part VII. 
Isomeric o- and m-Dinitro-o-tolidines. 
By Joun CanneELL Cain and Frances Mary Gore MICKLETHWAIT. 


In Part II. of this series of papers (Cain, Coulthard, and Mickle- 
thwait, T., 1912, 101, 2298) it was shown that two isomeric 
o-dinitrobenzidines exist, the one (3: 5/-dinitrobenzidine) being 
produced by the nitration cf diacetylbenzidine, and the other 
(3: 3/-dinitrobenzidine) by the nitration of diphthalylbenzidine, 
and it seemed to be of interest to investigate whether similar 
isomeric dinitro-derivatives could be prepared from o-tolidine. 

The nitration of diacetyltolidine has already been carried out 
by Gerber (Ber., 1888, 21, 746; Diss., Basel, 1889 *), who described 
an o-dinitrotolidine, 


melting at 266—267°. 

In the hope of obtaining an isomeride of this compound, con- 
taining the nitro-groups also in the ortho-position with respect to 
the amino-groups, we nitrated diphthalyltolidine, but found that 
in this case, quite unlike that of diphthalylbenzidine, the nitro- 
groups entered the meta-position with respect to the amino-groups. 
A careful repetition of Gerber’s work, however, led to the discovery 
that when diacetyltolidine is nitrated the chief product is the 
o-dinitrotolidine described by that author, but a small amount of 
a new isomeric o-dinitrotolidine is formed, which melts at 
202-—203°. Each of these bases is an o-dinitrotolidine, and their 
existence can be fully explained by means of Kaufler’s theory of 
the configuration of diphenyl as shown in Part VI. of this series 
of papers (this vol., p. 1437). We have no means of proving, how- 
ever, which is 5 :5/-dinitro-4 : 4/-diamino-3 : 3/-dimethyldiphenyl and 
which: 5 : 3/-dinitro-4 : 4/-diamino-3 : 5/-dimethyldiphenyl; conse- 
quently, the more stable isomeride, described by Gerber, is desig- 
nated o-dinitrotolidine I, and the new compound melting at 
202—208° o-dinitrotolidine IT. 

In the extraction of these bases from the product of hydrolysis 
of dinitrodiacetyltolidine by means of benzene and xylene a con- 
siderable amount of a yellowish-brown residue was left, even after 
exhaustive extraction. It was found, however, that if this material 


* Prof. O. N. Witt was kind enough to procure for us a copy of this dissertation 
which is out of print. 
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was crystallised from amyl a'cohol further amounts of the isomeric 
bases could be obtained. 

The existence of this yellowish-brown substance and its general 
behaviour indicate possibly that we are here dealing with bases 
and their internal salts (compare Meldola and Hollely, this vol., 
p- 980). However, as we have no exact data upon which to base 
a definite statement as to the internal constitution of these com- 
pounds, we prefer simply to record the facts and to refer to the 
substances which we have prepared as bases, representing them by 
the conventional formule. 

The constitution of o-dinitrotolidine I was proved by Gerber, who 
showed that, on reduction, a diquinoxaline was formed on con- 
densing the tetra-aminodimethyldiphenyl with benzil. We have 
applied the same reaction to the new dinitrotolidine (m. p. 
202—203°), and have obtained the same diquinoxaline as that 
furnished by Gerber’s base, thus proving that in the new compound 
each nitro-group is in the ortho-position with respect to an amino- 
group. 

Differences between the two bases are shown, not only by their 
physical properties, buft also by their acetyl derivatives; the diacetyl 
derivative of base I is bright orange, and does not melt at 330°, 
whilst that of base II is quite colourless, and does not melt at 
325°; a mixture of the two decomposes without melting at about 
320°. 

The two o-dinitrotolidines thus correspond with the two o-dinitro- 
benzidines (loc. cit.), but whereas all experiments made with the 
object of transforming one of the latter bases into the other failed, 
experiments with the o-dinitrotolidines appear to show that the 
new base (II), described in this paper, can be converted into the 
other (I). This was effected by heating the base with acetic acid 
and acetic anhydride for a long time whereby a yellowish-orange 
acetyl derivative (mixed with some colourless) was obtained, which 
on hydrolysis gave base I, melting in the crude state at 267°. It 
would thus appear that, by the long-continued boiling, the colourless 
acetyl derivative of base II is gradually transformed, apparently 
through rotation of the benzene ring occurring, into the orange 
acetyl derivative of base I. 

Base II could not be transformed into base I by the action of 
heat alone, and various experiments carried out with the object of 
transforming base I into base IT failed. 

The nitration of diacetyltolidine in the presence of sulphuric 
acid, of dibenzoyl- or diformyl-tolidine gave similar results to those 
obtained by the nitration of diacetyltolidine as described above. 
As stated above (p. 1442), the nitration of diphthalyltolidine led 
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to the formation of m-dinitro-derivatives, and we have also investi- 
gated the course of this reaction. 

On censidering the formula of tolidine it will be seen that there 
are two meta-positions with respect to the amino-group in each 
benzene ring, and, owing to the presence of the methyl group, sub- 
stitution in one of these meta-positions would lead to a different 
compound from that theoretically possible if the substituent entered 
the other position. It should here be observed that from the 
general behaviour of the diphenyl group on substitution it appears 
extremely unlikely that unsymmetrical substitution would take 
place; thus if a nitro-group entered the ortho-position with respect 
to a methyl group in one of the benzene rings, in all probability 
the second nitro-group would enter the corresponding position in the 
other benzene ring. 

Taking into consideration the possibility of the occurrence of the 
new form of isomerism, and also the possibility of position-isomerism 
as just pointed out, there would be no less than four theoretically 
possible m-dinitrotolidines,* thus: 


NH NH, NH, . NH, 
( ‘Me ( Me /\Me / ‘Me 
NO, / NON } \ NO; \ XO. 
NO,/ » /\no,  / \NO No, » 
he Me mi y ‘ \ Me Me y 
NH, H, NH, XH, 
(4.) (B.) (C.) (D.) 


Only one m-dinitrotolidine is described in the literature, namely, 
that prepared by Gerber (Diss., Basel, 1889) by the nitration of 
jtolidine sulphate, to which he assigned the constitution A. We 
have repeated Gerber’s experiment, and have found that the nitra- 
tion of tolidine sulphate and of diphthalyltolidine yields practically 
the same substances, namely, four different m-dinitrotolidines, a 
result that confirms in a striking manner the theory outlined above. 

We have, however, unfortunately not been able to establish the 
configuration of these four bases, although we have shown that 
they are all probably meta-derivatives, owing to the fact that the 
dinitro-derivative described by Gerber is formed in predominating 
amount, whilst the other three are produced only in small quanti- 
ties. Of the four theoretically possible bases, as shown in the above 


* In view of our work on the constitution of diphenyl] and its derivatives (this 
vol., p. 1487), we are of opinion that the space formula for these compounds is the 
true one, but the difficulties of representing it in one plane necessitates the use of the 
older formula in discussing the compounds described in the present paper. 
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formule, it appears probable, however, that A and B would be 
formed in largest amount as the nitro-groups might be expected to 
enter the para-position with respect to the methyl groups with more 
readiness than the ortho-position. Hence Gerber’s base, of which 
by far the greatest amount is produced, is probably represented 
by formula A or B. The base more closely associated with it (both 
being precipitated as insoluble sulphates) might then be B or A. 
This leaves C and D to represent the two bases which form soluble 
sulphates. We cannot, however, definitely adopt these distinctions, 
and therefore prefer to distinguish the four bases as I, II, III, 
and IV. 


EXPERIMENTAL, 
oDinitrotolidines. 


The product of nitration of diacetyltolidine (by means of red 
fuming nitric acid) was dried and hydrolysed by heating it with 
about 10 parts of sulphuric acid at 100° for twenty minutes; on 
pouring the solution into water, the free bases* separated as a 
brownish-red precipitate, which was collected and dried. The 
purification of this mixture was satisfactorily accomplished as 
follows. The product is successively extracted with benzene and 
xylene, of which the former dissolves mostly the new base (II) and 
the xylene dissolves mostly the known base (I); the yellow residue 
which is left (m. p. 195—214°) is now extracted with amyl! alcohol 
(leaving a brown residue, which was not further examined). The 
amyl-alcoholic solution deposits yellowish-brown crystals (m. p. 
about 210—214°), which on extraction successively with benzene 
and xylene furnish further quantities of the crude bases I and II. 

The solutions so obtained are allowed to remain until crystals 
separate out. These are collected, and the filtrates used for further 
extractions until all the soluble material has been dissolved. The 
melting point of each crop is determined, and the whole of the 
product is then collected into various parts determined by the 
melting points of the crops obtained. Those of higher melting 
point contain mostly base I, and those of lower, in addition to the 
new base (m. p. 202—203°) and a little of that of higher melting 
point, a new mononitrotolidine, melting at 235—240°. 

The further purification of each of these parts is effected by 
acetylation with glacial acetic acid with the addition of small 
amounts of acetic anhydride as found suitable. The diacetyl deriv- 
atives which are formed vary in colour; at first a bright orange, 
crystalline precipitate separates from the boiling solution, which 
is the diacetyl derivative of base I. Successive precipitates gradu- 


* In the meta-series (see p. 1447) the sulphates are precipitated. 
VOL. CV. 5 B 


1446 CAIN AND MICKLETHWAIT: 


ally lose this colour, until finally a white precipitate, consisting 
chiefly of the diacetyl derivative of base II, is obtained. When no 
further precipitate separates from the boiling solution even after 
further addition of acetic anhydride, the acetyl derivatives still 
remaining in the solution are precipitated by water, and from these 
the mononitrotolidine can be obtained, together with other products, 
which were not further examined. The various precipitates con- 
taining the dinitro-bases (in the form of their diacetyl derivatives) 
are collected into two main parts according to their colour and 
hydrolysed. The bases I and II obtained are finally purified by a 
long series of fractional crystallisations from absolute alcohol or 
benzene. 


o-Danitrotolidine I. 


The properties of this base were as described by Gerber (loc. cit.). 
It is almost insoluble in absolute alcohol, sparingly soluble in 
benzene (difference from base II), and crystallises from xylene in 
ruby-red needles or massive prisms melting at 270° (Gerber gives 
266—267°). 

The diquinoxaline, prepared by condensing the tetramine 
obtained on reduction, crystallises readily from benzene in pale 
yellow needles melting at 295° (Found, N=9°60. CyHg N,4 requires 
N=9°49 per cent.). Gerber states that the compound* is almost 
insoluble in benzene, and melts much above 300°. 

The following derivatives were prepared in the course of the 
present work: 

o-Dinitrodiacetyltolidine I.—The analysis of the product of nitra- 
tion of diacetyltolidine, given by Gerber, is probably that of a 
mixture of diacetyl derivatives. Acetylation of o-dinitrotolidine I 
yields a bright orange, crystalline compound, which does not melt 
at 330°, and is almost insoluble in boiling acetic acid: 

0°0956 gave 11°8 c.c. Nz at 14° and 764 mm. N=14°76. 

C,,H,,0,N, requires N=14°50 per cent. 
_ oDinitrotetra-acetyltolidine I.—This tetra-acetyl compound is 
obtained by the action of acetic anhydride on the base. It is 
colourless, and melts at 243°: 


0°1054 gave 10°7 c.c. N, at 20° and 765 mm. N=11°9. 
CyoHo20,N, requires N=11°9 per cent. 


o-Dinitrotolidine II. 


This new isomeride crystallises from benzene in fern-life clusters 
of yellowish-red, prismatic needles, melting at 202—203°: 


* This compound is not recorded in Richter’s Lewikon. 
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0°0653 gave 10°3 c.c. N, at 17° and 761 mm. N=18'58. 
C,,H,,0O,N, requires N=18°54 per cent. 

The diquinoxaline prepared from it was identical with that 
obtained from the isomeric base. 

Conversion of Base II into Base I.—A sample of base II (melting 
at 202—203°, and readily soluble in alcohol) was boiled with glacial 
acetic acid mixed with about one-third of its bulk of acetic 
anhydride for five hours, but no change was apparent. More acetic 
anhydride was added and boiling continued for a day, when, after 
cooling, deep red crystals separated, melting at 210—215° after 
sintering at 199°. A further quantity of acetic anhydride (bring- 
ing the whole amount up to about 75 per cent. of the mixture) 
was added, and after boiling for some time a pale yellowish-orange 
acetyl derivative separated, which on hydrolysis furnished o0-di- 
nitrotolidine I, melting in the crude state at 267°. Succeeding 
fractions of acetyl derivative were colourless, and yielded, on hydro- 
lysis, a product melting at 245°, which on fractional crystallisation 
furnished a further quantity of base I, together with a small 
amount of a bright yellow substance melting at 258—260°, which 
was insoluble in benzene, xylene, or amyl alcohol, but was not 
further investigated. 

o-Dimtrodiacetyltolidine II1—This compound is colourless, and 
does not melt at 325°: 

0°1098 gaye 13°7 c.c. N, at 18° and 764 mm. N =:14°74., 

C,gH,,0,N, requires N=14°'50 per cent. 


Monomtrotolidine, m. p. 235—240°. 


After extraction of the crude product of nitration with benzene 
and xylene the yellow residue was crystallised from amyl alcohol, 
when brownish-red crystals melting at about 200—214° were 
obtained. These, when recrystallised from absolute alcohol, gave 
crystals having the same melting point (which were worked up for 
bases I and II). The filtrate deposited bright, canary-yellow 
crystals, very sparingly soluble in benzene or cumene, and melting 
at 235—240°: 

0°990 gave 13°8 c.c. N, at 26° and 769°5 mm. N=16'18. 

C,,H,,0O,N3 requires N=16°30 per cent. 

The small amount of this base which was available prevented us 
from carrying out experiments with the object of ascertaining its 
constitution. 

m-Dinitrotolidines. 


Diphthalyltolidine (Hobbs, Ber., 1888, 21, 1065) was added to 
7 parts of red fuming nitric acid at 0—10°, and the product, after 
5 B2 
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being collected, washed, and dried, was hydrolysed by heating it 
with about 10 parts of sulphuric acid at 100° for twenty minutes. 
On pouring into water the sulphates of bases I and II were precipi- 
tated, and were collected and basified by gently warming with 
alkali. The filtrate from the precipitated sulphates contained bases 
III and IV; their separation is described later (pp. 1449, 1450). 
The mixture of bases I and II was extracted successively with 
benzene and cumene, and a brown, infusible residue was left, the 
crystals which separated being collected, and their melting points 
noted. 

The various crops were arranged according to their melting 
points, and those melting at about the same temperature were 
united. Each lot of material was then acetylated with glacial 
acetic acid containing acctic anhydride, the solution allowed to 
cool, and the acetyl derivative of base I which separated was 
collected, the operation being continued until no further separation 
took place on cooling the solution. The final filtrate from this 
acetyl derivative was precipitated by water, which was added drop 
by drop; the first portion consisted of a further quantity of the 
acetyl derivative of base I, followed by a brown, tarry substance, 
which was not further investigated, and the later portion con- 
sisted of the acetyl derivative of base II; the final traces of the 
latter were obtained by neutralising with ammonia. The two 
acetyl derivatives were then hydrolysed, and the resulting base 
from each was purified, either by crystallisation or through the 
acetyl compound. 

The products of the nitration of tolidine sulphate (compare 
Gerber, Joc. cit.) were also investigated, and were found to give 
the same products as diphthalyltolidine. 

The m-dinitrotolidine obtained in the largest quantity was that 
described by Gerber, and melted, as stated by him, at 217°. In 
this paper it is called m-dinitrotolidine I. It crystallises from 
benzene, xylene, or cumene in scarlet-red crystals, which, as Gerber 
states, change to an amorphous, orange-yellow powder on drying. 

The best proof that the nitro-groups in this compound are situ- 
ated in the meta-position was furnished by Tauber and Loewenherz 
(Ber., 1891, 24, 1033), who showed that it gave a diaminodimethyl- 
carbazole, to which they assigned the constitution : 


Me 4 r Me 
i. ei 
se iti sa 
\nH-Z% 


when it was reduced to the tetramine, and the latter heated with 
hydrochloric acid at 190—200°. A repetition of this experiment 
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with the base obtained by us gave a diaminodimethylcarbazole 
(m. p. 265°), agreeing in all respects with that described by the 
above authors (Found, N=18°62. Calc., N=18°66 per cent.). | 

The monoacetyl derivative of base I is the most insoluble of all 
the acetyl derivatives obtained in the purification of the bases. It 
crystallises in colourless needles, melting at 280°: 

0°1374 gave 19°0 c.c. Nz at 18° and 770°5 mm. N=16°45, 

C,,H,,0;N, requires N = 16°28 per cent. 

The diacetyl derivative is slightly more soluble in acetic acid 
than the monoacetyl, and melts at 276°: 

0°1268 gave 15°4 c.c. Ny at 18° and 767 mm. N=14'4. 

CigH,,0,N, requires N=14°5 per cent. 

Gerber (loc. cit.) describes a compound as. being the diacetyl 
derivative, but he did not estimate the amount of nitrogen in it. 
His analysis (Found, C=56°23; H=4°87) does not indicate which 
of the four possible acetyl derivatives the compound may be; his 
numbers actually agree best for the tetra-acetyl derivative.* 


m-Dinitrotolidine II. 


This base is sparingly soluble in benzene, and separates from 
cumene in red pyramids melting at 205—206°. A mixture of it 
with the above base (melting at 217°) melts at 183°: 

0°1314 gave 21°1 c.c. Ny at 15° and 754 mm. N=18°88. 

C,4H,,0,N, requires N=18°54 per cent. 

The sulphate of the base is yellower than that of base I. The 
base was reduced to the corresponding tetramine, and a solution 
of this treated with a solution of benzil, but no condensation took 
place. On the other hand, proof of the meta-position of the nitro- 
groups was afforded by the preparation from the tetramine of a 
diaminodimethylearbazole melting at 193°: 

0°0566 gave 8°3 c.c. N, at 17° and 752 mm. N=17°09. 

C,\,H,;N; requires N=18°66 per cent. 

The diacetyl derivative of the above m-dinitrotolidine is yellow, 
and melts at 258°. It is very readily soluble in glacial acetic acid 
or alcohol: 

0°0802 gave 9°8 c.c. N, at 16° and 773 mm. N=14'68. 

C13H,30,N, requires N=14°50 per cent. 


m-Dinitrotolidine III. 


This and the following base were obtained from the soluble 
sulphates produced by hydrolysing the crude dinitrodiphthalyl- 

* The mono-, di-, tri-, and tetra-acetyl derivatives require respectively C=55°81, 
H=4°65; C=55°96, H=4°66 ; C=56°07, H=4°67, and C=56°17, H=4°68 per 
cent. 
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tolidine. It is precipitated, before the solution becomes alkaline, 
on adding ammonia. It crystallises from cumene in brownish-red 
needles melting at 263°. A mixture of it with the o-dinitrotolidine 
melting at 270° (p. 1446) melted at 245—250°: 

0°591 gave 9°75 c.c. N, at 18° and 735°5 mm. N=18°74. 

C,,H,,0,N, requires N= 18°54 per cent. 

The tetramine prepared from this base did not condense with 
benzil, and hence was not an ortho-compound, and although the 
quantity available was not sufficient for the preparation of the 
carbazole derivative, yet from the above experiment it appears 
probable that the nitro-base belongs to the meta-series. 


m-Dinitrotolidine IV. 


This base is a stronger one than the preceding, as it is only 
completely precipitated from the solution of its sulphate on rénder- 
ing alkaline with ammonia. It can also be separated from the 
above base by extracting a mixture of the two with cumene (which 
most readily dissolves base III), and crystallising the residue from 
alcohol, when bright yellow prisms decomposing without complete 
fusion at 284° are obtained: 

0°0302 gave 5°0 c.c. N, at 18° and 730 mm. N=18'66. 

C,,H,,0,N, requires N=18°54 per cent. 

That the nitro-groups in this base are in the meta-position was 
shown by reduction and conversion of the tetramine into the corre- 
sponding diaminodimethylcarbazole, which crystallises from xylene 
on the addition of a drop of light petroleum in pale yellow, hair- 
like needles, melting at 241°: 

0°0878 gave 12°4 c.c. N, at 19° and 757 mm. N=16'45. 

C,,H,,N; requires N=18°66 per cent. 

The diacetyl derivative of the above m-dinitrotolidine separates 
from glacial acetic acid in brown, prismatic crystals, melting at 
288—290° : 

0°0838 gave 10°1 c.c. Nz at 20° and 76755 mm. N=14-20. 

C,,H,,0,N, requires N=14°50 per cent. 


Mononitrotolidine. 


In addition to the four m-dinitrotolidines described above, there 
was also isolated a small amount of a mononitrotolidine, the quan- 
tity of which was too smali to allow of experiments being made 
with the view of elucidating its constitution. . It crystallises from 
methyl alcohol in red needles, melting and decomposing at 
133—135°: 
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0°1425 gave 19°6 c.c. Ny at 20° and 772 mm. N=16°29. 
C,,H),O.N, requires N=16°30 per cent. 
Nitrodiacetyltolidine.—This compound is very pale yellow, and 
when crystallised from alcohol melts and decomposes at 218—220°: 
0°1394 gave 14°5 c.c. N, at 18° and 767°5 mm. N=12°33. 
CisH;,0,N, requires N=12°30 per cent. 
Nitrotetra-acetyltolidine.—This is a yellow substance melting at 
285—286° : 
0°1190 gave 10°5 c.c. Ng at 18° and 754°4 mm. N=10°25. 
Cy.9H,,0,N, requires N=9°88 per cent. 


The authors’ thanks are due to the Chemical and Royal Societies 
for grants in aid of the above investigation. 


24, AYLESTONE AVENUE, 
BronpDEsBuryY Park, N.W. 


CXXXVII.—Compounds of Phenanthraquinone with 
Metallic Salts. 


By JosepH Knox and HELEN Rerp Innes (Carnegie Research 
Scholar, University of Aberdeen). 


Compounps of phenanthraquinone with metallic salts were first 
prepared by Japp and Turner (T., 1890, 57, 4); they obtained 
phenanthraquinone zinc chloride, C,,H,O,,ZnCl,; phenanthra- 
quinone mercuric chloride, (C,,H,O,).,HgCl,; and phenanthra- 
quinone mercuric cyanide, (C,,H,O,).,Hg(CN),. The zine chloride 
compound was prepared by mixing hot, concentrated solutions of 
zine chloride and phenanthraquinone in glacial acetic acid, whilst 
the mercuric compounds were best obtained from acetone solutions. 
K. H. Meyer (Ber., 1908, 41, 2568) also prepared the compound 
C,,H,O,,ZnCl, from glacial acetic acid solution, and the com- 
pound (C,,H,O,),,HgCl, by mixing hot solutions of phenanthra- 
quinone in chloroform and of mercuric chloride in glacial acetic 
acid, and described them as new, having evidently overlooked the 
work of Japp and Turner. Meyer further prepared the compounds 
(C,4HgO2)3,FeClz, C,4H,O0,,SnCl,, and C,,H,O,,AICl;. It may be 
pointed out that in Roscoe and Schorlemmer’s “Treatise on 
Chemistry,” Vol. III, Part VI, 1892, p. 503, the mercuric com- 
pounds obtained by Japp and Turner are erroneously given as 
being of the type C,,H,O,,HgX,. 

The object of the present investigation was to find whether the 
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other halogen compounds of the metals of the zinc, cadmium, 
mercury sub-group gave compounds similar to those already known, 
and, if so, to determine the relative stability of these compounds. 
In addition to the above-mentioned compounds, we have prepared 
compounds of phenanthraquinone with the bromide and iodide of 
zinc, with the chloride, bromide, and iodide of cadmium, and with 
mercuric bromide. 

The zinc compounds were prepared by saturating glacial acetic 
acid with the anhydrous zinc haloid in the cold and filtering. The 
solution was then heated, and an equal volume of a boiling, satu- 
rated solution of phenanthraquinone in glacial acetic acid added to 
it. The double compound separated on cooling in dark, reddish- 
brown crystals. These were collected, washed with hot glacial 
acetic acid, and dried at 100°. During the filtration and washing 
the crystals were protected as much as possible from moisture, as 
they are readily decomposed by water. This was accomplished by 
collecting the crystals on a plug of cotton wool in a drawn-out 
glass tube, the mouth of which was closed by a soda-lime tube 
during filtration. 

The cadmium compounds were prepared similarly, except that 
absolute alcohol was used as solvent in place of glacial acetic acid. 
The cadmium compounds are paler in colour than the correspond- 
ing zinc compounds, and much more stable towards moisture. 
They cannot, however, be washed with hot alcohol, as it immedi- 
ately decomposes them. They were, therefore, freed from mother 
liquor by being pressed first between filter-paper, then on porous 
tile, and finally dried at 100°. 

The mercury compounds were prepared similarly, with acetone 
as solvent. They are bright scarlet, and very stable towards water, 
being scarcely attacked in the cold. 

The zinc and cadmium compounds were analysed by heating 
them with excess of water. The halogen salt dissolved, and the 
phenanthraquinone, which was almost completely precipitated on 
cooling, was collected in a Gooch crucible, washed, dried at 100°, 
and weighed. The halogen compound was determined in the 
filtrate by precipitation with silver nitrate. 

Owing to the stability of the mercury compound towards water, 
it was analysed, as described by Japp and Turner, by boiling with 
alcohol, which decomposes it ; the phenanthraquinone was then pre- 
cipitated by the addition of an excess of water; the alcohol was 
evaporated, and, after thorough cooling, the phenanthraquinone 
was collected in a Gooch crucible. The determination of the 
halogen in the filtrate was omitted in the case of the mercury 
compound. 
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In all cases different preparations were analysed. The per- 
centage of halogen compound is generally too high, as in most 
cases it was impossible to remove the mother liquor completely 
without decomposing the compound. The following new com- 
pounds have been prepared and analysed. 


Phenanthraquinone Zine Bromide, C,4H,0.,ZnBrg. 


From solutions of the components in glacial acetic acid. 
Found, C,,H,O,=47°6, 46°8. ZnBr,=52°3, 53°0. 
C,,H,0,,ZnBr, requires C,,H,O,=48°0; ZnBr,=52°0 per cent. 


Phenanthraquinone Zine Todide, (C\yHgO)o,ZnIy. 
From solutions of the components in glacial acetic acid. 


Found, C,,H,0O,=54'4, 54°8, 54:0. ZnI,=43°7, 43°9, 43°5. 
(C,,H,O,).,ZnI, requires C,,H,O,=56°6; ZnI,=43°4 per cent. 


Phenanthraquinone Cadmium Chloride, C,,H,0,,CdCl,. 


From solutions of the components in absolute alcohol. 


Found, C,,H,0,=53°2, 53°0, 53°6. CdCl,=46°7, 46°8. 
C,,H,0.,CdCl, requires C,,H,O,=53°2; CdCl,=46°8 per cent. 


Phenanthraquinone Cadmium Bromide, C,,4H,0,,CdBry. 


From solutions of the components in absolute alcohol. 
Found, C,,H,O,=42°6, 42°4. CdBr,=57'1, 57°4. 
C,,H,0,,CdBr, requires C,,H,O,=43°3; CdBr,=56'7 per cent. 


< 


Phenanthraquinone Cadmium Iodide, C,4H,O5,CdI,. 


From solutions of the components in absolute alcohol. 
Found, C,,H,0,=34°8, 34°1. CdI,=65°2, 65°8. 
C,,H,0,,CdI, requires C,,H,O,=36'2; CdI,=63°8 per cent. 


Phenanthraquinone Mercuric Bromide, (C,4H,0,).,HgBro. 


From solutions of the components in acetone. 
Found, C,,H,O, =54°0, 53°5. 
(C,,H,0,).,HgBr, requires C,,H,O,=53°6 per cent. 

If the formation of the double salt takes place according to the 

reversible reaction, 
2Cy4H,O,+MX, = (C,,H,O,)2,MXo, 

where M is zinc, cadmium, or mercury, and X is chlorine, bromine, 
or iodine, there should be a definite concentration of metallic 
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haloid in equilibrium with the double compound and phenanthra- 
quinone as solid phases. Although, therefore, these compounds 
are decomposed by water, they should be capable of existing in 
contact with a solution of the metallic haloid, the concentration 
of which is above a certain minimum—the equilibrium concentra- 
tion. In contact with a solution the concentration of which is 
below the equilibrium concentration, the double compounds will 
be decomposed into phenanthraquinone and metallic haloid until, 
if sufficient double compound is present, the concentration of the 
metallic haloid reaches the equilibrium concentration. In contact 
with a solution of the metallic haloid the concentration of which is 
above the equilibrium concentration, phenanthraquinone should be 
converted into the double compound, until the concentration of 
the salt falls to the equilibrium value. Further, the equilibrium 
concentrations in the different cases are a measure of the relative 
stability of the various double compounds. The lower the 
equilibrium concentration, the greater is the stability of the com- 
pound. It was of interest, therefore, to determine these equil- 
ibrium concentrations, in order to study (1) the variation in the 
stability of the double compounds of a given metal when the 
halogen is varied, and (2) the variation in the stability of the 
double compounds of a given halogen when the metal is varied. 

It was found that the equilibrium was approached from either 
side with extreme slowness. When solutions below the equilibrium 
concentration were shaken with the double compound, the con- 
centration continued to increase very slowly for weeks; with 
phenanthraquinone and solutions above the equilibrium concentra- 
tion, the concentration diminished equally slowly. For this reason . 
it was found impossible to determine accurately the equilibrium 
concentrations. The limits between which the equilibrium con- 
centrations must lie were, however, determined with fair approxi- 
mation by shaking mixtures of the pure double compound and 
phenanthraquinone with various concentrations of the metallic 
haloid. In the following table, column 2 gives these limits 
(equivalent V-concentration of the metallic haloid) for the various 
cases. With solutions of the lower concentration, the concentra- 
tion slowly increased on long shaking, whilst with solutions of the 
higher concentration the concentration slowly diminished. These 
equilibrium experiments were carried out in a thermostat at 25°. 
Meastred quantities of the clear solution were withdrawn by 
means of a pipette from time to time, and the content of metallic 
haloid was determined volumetrically by silver nitrate and 
ammonium thiocyanate, . 
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TABLE I. 


Limits between which the 
equilibrium concentration lies 


Metallic haloid. (eyuivalent N). 
MER e, -nbcccdsbecsarsiens 12-0— 13-0 
Ne eres 11-0—12-2 
EERE 5-0— 5-6 
| no enre re 4-0— 5-0 
CEI. astaceieassecsicse 0-7— 0-9 
Ge Stkstinconsscnrnsnnns 0-6— 0-7 


The mercury compounds are too stable’ towards water at the 
ordinary temperature to allow of equilibrium determinations being 
undertaken with them. 

The increasing stability of the compounds of a given metal with 
diminishing electro-affinity of the halogen compound is clearly 
marked. With both the zinc and the cadmium compounds the 
iodide is the most stable and the chloride the least stable, the 
bromide being intermediate. If the corresponding halogen com- 
pounds of the different metals are compared, it is seen that in all 
cases the cadmium compounds are more stable than the correspond- 
ing zinc compounds, that is, the stability increases with diminish- 
ing electro-affinity of the metal. The mercuric compounds are the 
most stable, as is shown by their behaviour to water, and mercury 
is the metal of weakest electro-affinity of the sub-group. This 
increasing tendency to complex-formation with diminishing electro- 
affinity of the complex-forming elements is in agreement with the 
general rule (Abegg and Bodlander, Zeitsch. anorg. Chem., 1899, 
20, 453; Abegg, ibid., 1904, 39, 330). The greater complexity of 
the mercuric compounds, compared with the zinc and cadmium 
compounds, and of the zinc iodide compound, compared with the 
zine chloride and zinc bromide compounds, further illustrates the 
same rule. 

Attempts were made to prepare some of these compounds from 
aqueous solution by shaking phenanthraquinone with concentrated 
solutions of the metallic haloids, the concentrations of the solutions 
being much above the equilibrium concentrations. The 
phenanthraquinone immediately becomes covered with a layer of 
the dark double compound, but owing to the insolubility of the 
compound is protected from further action. Only by repeatedly 
collecting the solid, drying it, grinding it finely, and shaking it 
again with the concentrated solution, could anything like complete 
transformation be attained. Thus, phenanthraquinone and a 
saturated aqueous solution of cadmium bromide gave, after repeat- 
ing the above treatment seven times, a product containing 
C,,H,0O,=46°5 and CdBr,=53°4 (C,,H,O,,CdBr, requires 
C,,H,O, =43°3; CdBr,=56°7 per cent.), whilst phenanthraquinone 


1456 ROBINSON AND ROBINSON: 


and saturated aqueous cadmium iodide gave, after eight treat- 
ments, a product containing C,,H,0,=40°2 (C,,H,O.,CdI, requires 
C,,H,,0,=36°2 per cent.). The results show, however, that in 
these cases the same product is obtained from aqueous solution and 
from solutions in organic solvents, and this probably holds also in 
the other cases. 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF ABERDEEN. 


CXXXVIII.—Researches on Pseudo-bases. Part I. Some 
Condensation Reactions of Cotarnine, Hydrastinine, 
and isoQuinoline Methyl Hydroxide. 


By GertrupeE Maup Rosinson and Rosert Rosinson. 


THE primary object of the authors in commencing this series of 
investigations was to extend the application of the method by 
means of which narcotine was synthesised (Perkin and Robinson, 
T., 1911, 99, 777; Hope and Robinson, T., 1911, 99, 1153, 2114; 
1913, 108, 361) to the production of bases belonging to the 
laudanosine and phenanthrene group of the isoquinoline alkaloids. 
The group which a substance should contain in order that it may 
be converted into a phenanthrene derivative by Pschorr’s method is 


re 
ono 


NO, 
and we accordingly made experiments with the object of pre- 
paring tsoquinoline derivatives which contain such a group in their 
molecules. 

Briefly we find that cotarnine and isoquinoline methyl hydroxide 
condense with 6-nitrohomoveratrole in the presence of sodium 
ethoxide in alcoholic solution to yield the bases I and II respec- 
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tively. Each of these substances is the object of further investiga- 
tion, the former yielding a new laudanosine alkaloid by elimina- 
tion of the nitro-group, and the latter an iso-apomorphine dimethyl 
ether * by a series of processes. 

Cotarnine derivatives are, of course, useless for phenanthrene 
syntheses on account of the methoxyl group which replaces one 
of the hydrogen atoms essential to the condensation, but, on the 
other hand, hydrastinine should prove a fertile source of synthetical 
phenanthrene bases. Thus, for example, the condensation of 
hydrastinine with 6-nitrohomoveratrole, followed by reduction, 
diazotisation, and treatment with copper powder, should result in 
a synthesis of the alkaloid dicentrine. Unfortunately, however, 
we find that hydrastinine does not condense with mononitro- 
toluenes, owing to the fact that sodium ethoxide produces auto- 
condensation of the hydrastinine. The product appears to be 
anhydrohydrastinine or, very much more probably, dianhydro- 
dihydrastinine (III), and its properties are described in the experi- 
mental portion of the paper. The striking yellow colour of the 
salts of this base is somewhat difficult of explanation, even allow- 
ing that the probable formula of the hydrochloride is represented 
by the expression IV. 


OH, 
A\/N\a AN 
of \ H 0 CH, 
Sol ‘A; Mie Hy<p OY A, {AiteHa 
C : ‘ 
on,< A \NMe ou,< \A \y MeC 
Agin VA (on: 
aan" a av.) 


The decomposition of the acetate of the base into hydrastinine 
acetate may also receive some explanation if the above constitu- 
tion for the salts is accepted. 

Since we were unable to obtain o-nitrobenzylhydrohydrastinines, 
we next made attempts to produce o-nitrobenzylidene- or o-nitro- 
benzoyl-hydrohydrastinines, which would be equally useful for our 
purpose, and the investigation was first made with cotarnine. 
Nitrohomopiperonyl alcohol and cotarnine condense together to 
yield the base V, but hydrastinine undergoes a similar reaction 
only toa very small extent. Furthermore, all attempts to improve 
the yields were unsuccessful, and, for example, methyl 6-nitro- 


* The publication of this research bas been retarded by a disastrous fire which 
involved the destruction of all the specimens and starting material. 
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3: 4-methylenedioxymandelate (VI) actually condenses less readily 

than nitrohomopiperony!l alcohol, although the former bears to 

the latter the relation that phenylacetic ester does to toluene. 
O—-CH, 

MN§ 


oH,<0/ ” \XMe oH, <r ‘CH(OH)-CO,Me 
le “ae “en 


(V.) (VI.) 

- Cotarnine also condenses with 6-nitropiperonal, and the product 
is undoubtedly 6-nitropiperonylhydrocotarnine (VII), and thus 
belongs to a new class of isoquinoline derivatives. We propose to 
continue the research mainly in this direction, especially since this 
reaction of cotarnine is shared by hydrastinine. 6-Nitropiperony]- 
hydrocotarnine is a perfectly stable base, forming sparingly soluble 
pale yellow salts. It suffers decomposition on treatment with 
phenylhydrazine in acetic acid solution, and one of the products 
is the phenylhydrazone of nitropiperonal. 

O-CH, 


EXPERIMENTAL. 
Anhydrocotarnine-6-nitroveratrole (I). 


6-Nitroveratrole (10 grams) and cotarnine (10 grams) were added 
to ethyl alcohol (100 c.c.) containing sodium ethoxide (from 
1 gram of sodium), and the mixture was allowed to remain at the 
temperature of the room during two weeks. A considerable 
amount of the nitro-compound gradually passed into solution 
during this period. Dilute hydrochloric acid was now added, and 
the solution filtered. The clear, yellow filtrate was basified with 
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ammonia, and the viscid mass which separated was washed with 
water, drained, and became at once crystalline in contact with 
methyl alcohol. The substance was collected and crystallised, first 
from ethyl alcohol, and then again from ethyl acetate. An alterna- 
tive method of isolation is to add picric acid to the original re- 
action product in alcoholic solution, and then to extract the 
picrate, from which the supernatant liquid has been decanted, by 
boiling for half an hour with methyl alcohol. The picrate is very 
sparingly soluble, and remains as a yellow, crystalline powder. It 
may be decomposed by sodium hydroxide in the presence of ether, 
and the amount of the condensation product recovered from the 
ethereal solution was, in one experiment, 6°5 grams: 

0°1132 gave 0°2508 CO, and 0°0594 H,O. C=60°4; H=5'8. 

C,,H,,0,N, requires C=60°6; H=5'8 per cent. 

This base resembles in its general properties anhydrocotarnine- 
o-nitrotoluene (Hope and Robinson, T., 1911, 99, 2123), and is 
not decomposed on boiling with acetic acid. Its solution in dilute 
hydrochloric acid is yellow, and on the addition of a piece of zinc 
a colourless precipitate of zincichloride is first produced. On 
warming the liquid the precipitate disappears, and the solution 
now contains a diazotisable amine, which, by the addition of an 
excess of ammonia, was obtained as a colourless precipitate readily 
soluble in ether. The reduced base, in dilute hydrochloric acid 
solution, yields, with ferric chloride, a green coloration, which 
slowly changes to an intense indigo-blue, whilst with sodium nitrite 
a pale green diazo-solution was produced, from which, by the action 
of B-naphthol and sodium acetate, a crimson azo-dye was obtained. 
The latter dissolved in sulphuric acid to a purple-blue, dithroic 
solution. j 


1-(6-Nitrohomoveratryl)-2-methyl-1 : 2-dihydroisoquinoline (II). 


This substance is the starting point for a synthesis of an 
isomeride of apomorphine dimethyl ether, which has now been 
successfully carried out, and on this account a large number of 
experiments have been made in order to find the best conditions 
for its preparation. The following method was finally adopted. 

6-Nitrohomoveratrole (10 grams) and isoquinoline methiodide 
(7 grams) were added to a solution of sodium (2 grams) in ethyl 
alcohol (80 c.c.), and the mixture was heated to incipient ebullition 
and then allowed to cool. After remaining an hour, the solution 
was gently heated on the steam-bath during half an hour. About 
2 grams of the garnet-red condensation product remained un- 
dissolved, and was separated by rapid filtration. The remainder 
of the base, together with the unchanged nitro-compound, crystal- 
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lised from the filtrate, which was cooled in ice-water. The mixed 
solids were collected and titurated with dilute hydrochloric acid 
in a motar until no more of the red crystals could be seen. 

The acid solution, after filtration and basification with ammonia, ' 
yielded a brick-red oil, which soon solidified, and was then collected 
and crystallised from ethyl alcohol. In this way 2°2 grams of 
pure substance were obtained, and a further 0°3 gram could be 
recovered from the alcoholic mother liquor, so that the total yield 
of condensation product amounted to 4'5 grams, or 51 per cent. 
of the amount that can theoretically be obtained from the tso- 
quinoline methiodide employed. The excess of the nitrohomo- 
veratrole is recovered. The new substance is best crystallised from 
‘ethyl alcohol, in which it is sparingly soluble, and occurs in garnet- 
red needles of fine appearance, and melting at 145°. Its analysis 
was rendered difficult by its property of gently exploding, with 
production of flame, on being heated to a moderately high tempera- 
ture in air: 

0°1173 gave 0°2874 CO, and 0°0619 H,O. C=66°8; H=5'9. 

Ci9H,0,N, requires C=67'1; H=5°9 per cent. 

The base is more readily soluble in methyl alcohol than in ethy] 
alcohol ; it is sparingly soluble in ether or light petroleum, readily 
so in chloroform or benzene. It dissolves readily in dilute hydro- 
chloric acid, yielding a yellow solution, and when warmed with 
glacial acetic acid suffers decomposition, the yellow liquid rapidly 
becoming red. The further description of this interesting base 
and its derivatives is reserved for a future communication, which 
we hope in a short time to submit to the Society. 


Dianhydrodihydrastinine (III). 


As shown in the two preceding examples, pseudo-bases will 
condense with 6-nitrohomoveratrole in the presence of sodium 
ethoxide, but, under a variety of conditions, we were never 
successful in applying this reaction to hydrastinine, and the cause 
of the discrepancy was found to be the ease with which hydrastinine 
condenses with itself in alcoholic sodium ethoxide solution. 

Hydrastinine (7 grams) was added to a solution of sodium 
(1 gram) in methyl alcohol (80 c.c.), and the mixture boiled 
during half an hour. Colourless needles separate from the liquid 
about five minutes after the reaction has commenced, and increase 
in amount, especially when the solution is afterwards allowed to 
remain in the ice-chest. The substance was collected, washed with 
alcohol, and dried at 100°: 

0°1131 gave 0°2884 CO, and 0°0588 H,O. C=695; H=5°8. 

CygH20,N, requires C=69'8; H=5°9 per cent. 
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This base is very sparingly soluble, and recrystallisation is not 
a profitable process. It may, however, be crystallised in small 
quantities from ethyl acetate, from which it separates in colour- 
less prisms, melting at 200°. 

The most characteristic property it possesses is that of dis- 
solving in dilute acids to yellow solutions. The solution of the 
base in dilute acetic acid is intensely yellow, and not fluorescent, 
but on warming it becomes pale yellow, and acquires the bluish- 
green fluorescence characteristic of hydrastinine salts. On the 
addition of sodium hydroxide, free hydrastinine separated, and 
was recognised by its conversion to anhydrohydrastininenitro- 
methane—colourless needles melting at 122° (Hope and Robinson, 
T., 1911, 99, 2136). 

It is noteworthy that this remarkable decomposition is not 
readily effected by strong acids such as hydrochloric and sulphuric 
or benzenesulphonic, and requires in these cases prolonged boil- 
ing of the solution, whilst on the other hand weak organic acids, 
as, for example, formic, acetic, propionic, tartaric, and benzoic 
acids are much more active agents for the change. There is 
parallelism here with the observations of Rabe (Ber., 1912, 45, 
2927), who has shown that the cinchonine-cinchotoxine ring 
scission, and the very similar conversion of narcotine to nornarceine, 
are more readily accomplished by weak than by. strong acids. 

The addition of a solution of picric acid in acetone to a solution 
of the base in the same solent produces at first an intense brick- 
red colour, probably indicating the monopicrate, which is much 
diminished by the addition of more picric acid. Three different 
kinds of crystals separate from the solution, namely, brick-red 
prisms, and yellow prisms and needles, but it was found impossible 
to obtain any one of these quite free from the others. 


6-Nitromperonylidenehydrocotarnine (V). 


The nitration of homopiperonyl * alcohol in acetic acid solution 
leads to a variety of products, among which is undoubtedly 6-nitro- 


* There has been some confusion in chemical literature as regards the use of the 
word piperonyl. This symbol has been used for the three radicles : 


sia On ois a | sit <C ue 


and of these the first is correctly termed piperonyl, the second is homopiperonyl 


0/ Now,om 


and the third should be piperonoyl. Thus the alcohol, CHS 


VOL. CV. 
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homopiperony] alcohol, but this substance could not be obtained in 
a pure condition by crystallisation. In all probability, the crude 
substance, as obtained below, is mixed with nitrocatechol methylene 
ether. 

Homopiperonyl alcohol (20 grams) was carefully added with 
constant cooling to a mixture of acetic acid (60 c.c.) and nitric 
acid (20 c.c., D 1°42). The nitro-compounds quickly crystallised 
from the solution, and after ten minutes the mixture was added 
to water, and the precipitate collected and washed. The dried 
product was treated with warm ethyl alcohol, when a very 
sparingly soluble substance, possibly a stilbene derivative, remained 
undissolved, and was collected. 

The filtrate was diluted with water, and the precipitated nitro- 
alcohol collected and dried. Many crystallisations of this product 
failed to yield a substance which had either the sharp melting 
point or the appearance of a pure compound. A solution of the 
crude nitrohomopiperonyl alcohol (8 grams) and cotarnine (10 
grams) in ethyl alcohol (50 c.c.) was boiled for two hours under 
reflux, and then cooled and poured into excess of very dilute 
hydrochloric acid. When the liquid had become clear it was 
filtered and basified with ammonia. The precipitated base, which 
was viscid at first, but soon crystallised in contact with ice-water, 
was collected, crystallised from methyl alcohol, and so obtained in 
pale yellow prisms, melting at 112°: 

0°1299 gave 0°2861 CO, and 0°0536 H,O. C=60°0; H=4'6. 

Cy9H,0,N, requires C=60°3; H=4'5 per cent. 

The base is readily soluble in hot methyl alcohol, cold benzene, 
ethyl acetate, or chloroform, sparingly so in cold methyl alcohol, 
ether, or light petroleum. It dissolves in dilute hydrochloric acid 
to a very pale yellow solution, from which the very sparingly 
soluble hydrochloride soon crystallises in colourless needles. The 
warm solution of the hydrochloride becomes colourless on the 
addition of zinc dust, and the filtered liquid, treated with a little 
sodium nitrite, and then added to alkaline B-naphthol, gives rise 
to a scarlet azo-dye. The acid oxalate of the base is sparingly 
soluble in cold water, and crystallises well in pale yellow needles. 
The canary-yellow picrate was obtained by mixing the base with 
picric acid in acetone solution and then adding alcohol. It crystal- 
lises in prisms, which melt sharply at 175°, and is sparingly soluble 
in alcohol. 
usually called piperony] alcohol is better described as homopiperonyl alcohol and the 


analogue of ethyl benzoylacetate in this series, which was named ethyl piperony]- 
acetate, is in reality ethyl] piperonoylacetate. 
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O;H,0,°C:CHPh 
C,H,—-NMe ° 

An attempt was made to synthesise the foregoing 6-nitro- 
piperonylidenehydrocotarnine by the nitration of piperonylidene- 
hydrocotarnine, which it was thought might be prepared from 
magnesium homopiperonyl bromide and oxycotarnine. As a 
simpler case, the production of benzylidenehydrocotarnine by the 
action of magnesium benzyl chloride on oxycotarnine was first 
investigated and accomplished as follows. An ethereal solution of 
magnesium benzyl chloride, prepared in the usual manner from 
10 grams of benzyl chloride, was added to a concentrated solution 
of oxycotarnine (5 grams) in benzene, when a vigorous reaction 
ensued and a solid separated. The ether was almost all removed 
by distillation, and the residue gently warmed during half an 
hour, a little more benzene being added if necessary to preserve 
fluidity. After the addition of water and ether, the ethereal solu- 
tion was separated and several times extracted with small quanti- 
ties of dilute hydrochloric acid. The combined extracts were 
boiled to expel ether, cooled, and basified with potassium hydroxide. 
The crystalline precipitate was collected and recrystallised from 
ethyl alcohol : 

0°1204 gave 0°3259 CO, and 0°0659 H,O. C=73°8; H=6'l. 

Ci9H,gO,N requires C=73°8; H=6'l per cent. 

This base crystallised in well-shaped quadratic prisms, melting 
at 135°; it is sparingly soluble in alcohol or ether, readily so in 
chloroform or ethyl acetate. 

Picrate.—A hot solution of the base in ethyl alcohol was mixed 
with a solution of picric acid in the same solvent. The deriv- 
ative crystallised, on cooling the liquid, in canary-yellow prisms, 
melting and decomposing at 133°. 


Benzylidenehydrocotarnine, 


\ou,Br 
| . 
ed 


This bromide was prepared as already indicated, in order that 
the reaction between its magnesium derivative and oxycotarnine 
might be investigated. The ease with which the hydroxyl group 
of homopiperonyl alcohol is replaced by the bromine atom in the 
following experiment is quite remarkable. Aqueous hydrobromic 
acid (50 grams, saturated at 0°) was poured on homopiperonyl 
alcohol (10 grams), and the mixture vigorously shaken. The solid 
at once melted, but soon began to crystallise again, and, when this 
occurred, water was added, and the nodular mass collected, washed, 


§c2 


Homopiperonyl Bromide, cH,<O 


Seana — ee Se —_— ae : a 
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and dried by pressure between filter-paper. It is advisable that 
the shaking should be continued during the crystallisation of the 
substance, so that the lumps may be as small as possible, and con- 
sequently more rapidly and efficiently dried. For the purpose of 
analysis, a specimen was crystallised from light petroleum (b. p. 
50—60°), and obtained in long, colourless needles, melting at 49°: 

0°2060 gave 0°'1789 AgBr. Br=37°0. 

C,H,O,Br requires Br=37'2 per cent. 

Homopiperonyl bromide has a faint but characteristic aromatic 
odour, and is readily soluble in organic solvents, with the excep- 
tion of light petroleum. The bromine in this compound is in a 
labile condition, and the substance is slowly decomposed by water, 
yielding the original alcohol and hydrobromic acid; it also gives 
an immediate precipitate of silver bromide with alcoholic silver 
nitrate. The magnesium derivative of the bromide was found to 
be readily produced, and is no doubt of great service as a 
synthetical agent, but no satisfactory result was obtained in 
attempting its condensation with oxycotarnine. 


The Action of Cotarnine on some Derivatives of Mandelic Acid. 


Cotarnine and mandelonitrile in alcoholic solution yielded 
quantitatively cyanohydrocotarnine and benzaldehyde, and similar 
results were obtained with other cyanohydrins. We accordingly 
attempted to protect the cyanohydrin group, and prepared benzoy]l- 
mandelonitrile by the method of Francis and Davis (T., 1909, 
95, 1404). Benzoylmandelonitrile (11 grams) and cotarnine (12 
grams) were dissolved in alcohol (70 c.c.), and the mixture allowed 
to remain during two days. A crystalline precipitate separated 
as the reaction proceeded, and this was collected and washed with 
dilute hydrochloric acid. This substance crystallised from methyl 
alcohol in colourless needles, melting at 125°, and was identified 
as benzoylbenzoin by direct comparison with a specimen of the 
substance obtained by the benzoylation of benzoin, as well as by 
the fact that the melting point was unaltered when the products 
from the two sources were intimately mixed. The acid washings 
from the benzoylbenzcin were added to the original mother liquor, 
together with sufficient dilute hydrochloric acid to make the solu- 
tion acid to Congo paper; the whole was then extracted with ether. 
The acid solution, on treatment with ammonia, deposited a crystal- 
line base, which was recrystallised from methyl alcohol, and 
obtained in colourless prisms, melting at 87°. The melting point 
was not lowered when the substance was mixed with a specimen 
of cyanohydrocotarnine obtained by the action of potassium 
cyanide on an aqueous solution of cotarninium chloride, and, 
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moreover, the properties of the base were those of cyanohydro- 
cotarnhine. 

The ethereal solution was washed with water, dried, and the 
ether removed by distillation. The residue was submitted to dis- 
tillation in steam, and the portion remaining in the flask was 
identified as benzoylbenzoin. The oil volatile in steam was ex- 
tracted with ether, dried, and distilled. The greater part distilled 
at about 210°, and consisted of ethyl benzoate, whilst a small 
fraction at about 300—320° was identified by hydrolysis as benzyl 
benzoate. An alcoholic solution of sodium ethoxide was found to 
decompose benzoylmandelonitrile in a precisely similar manner. 

We next investigated esters of mandelic acid, and found that 
cotarnine condenses with ethyl mandelate, but the product could 
not be crystallised or otherwise obtained in a pure condition. 


Ethyl a-Benzoyloxyphenylacetate, OBz-CHPh:CO,Et. 


Benzoylmandelonitrile (20 grams) was dissolved in dry ether 
(100 c.c.) and ethyl alcohol (0°8 gram), cooled to 0°, saturated with 
hydrogen chloride, and allowed to remain overnight. The liquid 
was then mixed with alcohol, water, and ether, in the order 
indicated, and the ethereal layer washed with sodium carbonate 
solution, dried, and rapidly filtered. The solution soon began to 
deposit colourless crystals, the separation of which was assisted by 
cooling the liquid; these were collected and recrystallised from 
ethyl alcohol, being so obtained in colourless needles, melting at 
164°. This substance consists of a-benzoyloxyphenylacetamide, 
since its melting point was not lowered by admixture with a speci- 
men of this compound obtained as described below. The filtered 
ethereal solution was distilled, when, after removal of the solvent, 
the whole passed over at 227°/20 mm. : 

0°1530 gave 0°4061 CO, and 0°0724 H,O. C=72'4; H=5'3. 

C,,H,,0, requires C=71°8; H=5'6 per cent. 

The ester is a viscid oil, and is obtained by the above process in 
excellent yield. It does not condense with cotarnine or 
hydrastinine, probably on account of the heavy groups which 
surround the methine hydrogen atom. 


a-Benzoylory phenylacetamide, OBz-CHPh-CO-NH,. 


This amide is obtained in quantitative yield from benzoyl- 
mandelonitrile by dissolving the latter in concentrated sulphuric 
acid, and, after allowing to remain one minute, pouring the mix- 
ture into water. The solid was collected and crystallised from 
ethyl alcohol, in which it is sparingly soluble. It occurs in slender, 
colourless needles, which melt at 164°: 
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0°1116 gave 0°2878 CO, and 0°0523 H,O. C=70°3; H=5:2. 
C,;H,,0,N requires C=70°6; H=5'l per cent 
This substance condenses with cotarnine, but only as an amide, 
since the condensation product was found to be decomposed into 
the constituents from which it was obtained on treatment with 
dilute hydrochloric or acetic acids. In these circumstances it was 
not further investigated. 


6-Nitro-3 : 4-methylenedioxzymandelic Acid, 
if, ' 
cH,.<o a 00,8 , and Derivatives. 


2 
he 


6-Nitropiperonal cyanohydrin (10 grams; see below) was boiled 
during ten minutes with concentrated hydrochloric acid (80 c.c.), 
the liquid then diluted with an equal volume of water, boiled 
with bone charcoal, and filtered. The cooled solution deposited 
the acid in greenish-yellow crystals, and a further quantity was 
recovered from the mother liquor, the total yield closely approach- 
ing that demanded by theory. The substance was several times 
recrystallised from water, in which it is sparingly soluble in the 
cold, and obtained in pale yellow needles, which on being heated 
darken at about 150°, and melt and decompose at 181—183°: 

0°1238 gave 0°2032 CO, and 0°0324 H,O. C=448; H=2°9. 

C,H,O,N requires C=44°8; H=2°9 per cent. 

This acid can easily be prepared in large quantities, and on this 
account the many interesting reactions which it exhibits are being 
investigated. On boiling with aqueous potassium hydroxide, an 
intense, crimson solution is produced, and a bright, yellow crystal- 
line solid precipitated; the crimson solution gives a brown pre- 
cipitate on acidification. Most characteristic, however, is the 
behaviour of the acid on being boiled with glycerol, or, better still, 
nitrobenzene. The substance loses carbon dioxide, nitrogen, and 
water, and is converted into a chocolate-brown compound, which 
crystallises from the nitrobenzene. This compound is readily 
soluble in alkali carbonates, and a mere trace of it dissolved in 
sulphuric acid gives rise to a magnificent royal-blue solution. The 
investigation of this chocolate substance is not complete, and we 
prefer not to speculate regarding its constitution ; its composition 
appears, however, to be Cy.H»,O0;,N. or CygH.0i6No. 


’ 
i 


6-Nitro-3 : 4-methylenedioxymandelonitrile (Nitropiperonal 
Cyanohydrin), CH,:0,:C,;H,(NO,)*CH(OH):CN. 


6-Nitropiperonal (20 grams) was dissolved by heating in glacial 
acetic acid (120 c.c.), and rapidly cooled while being vigorously 
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shaken. Powdered potassium cyanide (20 grams) was then added, 
and rise of temperature checked, after which the mixture was 
frequently stirred, and allowed to remain overnight. The nitro- 
piperonal passed into solution, and a new, almost colourless sub- 
stance separated, the quantity of which was very much increased 
by dilution of the solution with water. The solid was collected, 
washed, and dried in a vacuum, and weighed 18 grams. It was 
usually employed in this condition, but for purposes of analysis 
a portion was twice crystallised by solution in cold ethyl acetate, 
followed by addition of light petroleum. Almost colourless 
needles separated, but these in course of time were resolved into 
a powder of small, compact, very pale yellow prisms. The sub- 
stance begins to decompose at 110°, and melts and decomposes at 
119°: 

0°1104 gave 0°1980 CO, and 0°0297 H,O. C=489; H=3°0. 

C,H,O;N, requires C=48°6; H=2°7 per cent. 

In solvents other than light petroleum this derivative is readily 

soluble. 
Methyl 6-Nitro-3: 4-methylenedioxymandelate, 
CH,:0,:C,H,(NO,)*CH(OH)-CO,Me. 


6-Nitropiperonal cyanohydrin (5°1 grams) was dissolved in dry 
ether (25 c.c.) and methyl alcohol (2 grams), and the solution, 
cooled in a freezing mixture, was saturated with hydrogen chloride. 
After remaining overnight, the imino-ether hydrochloride, which 
separated in colourless crystals, was collected, washed with ether, 
and decomposed with water. The ester was so obtained in a 
crystalline condition, and, after collection, was recrystallised from 
ethyl alcohol, from which it separated in very pale yellow leaflets, 
melting at 124°: 

071194 gave 0°2069 CO, and 0°0395 H,O. C=47'2; H=3°6. 

C,)H,O;N requires C=47°1; H=3°5 per cent. 

On being heated with cotarnine in alcoholic solution, this ester 
yields a relatively small amount of a condensation product, which 
is doubtless the carbomethoxy-derivative of nitropiperonylidene- 
hydrocotarnine. The reaction was not further investigated, since 
a better result was achieved by the use of the more simple nitro- 
homopiperony! alcohol. 


6-Nitropiperonoylhydrocotarnine (VII). 


The reaction between cotarnine and aldehydes has been under 
our observation for a considerable period, but unfortunately in 
most cases the products of condensation are difficult to crystallise 
or otherwise obtain in a pure condition; thus, for example, 
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cotarnine condenses with piperonal and benzaldehyde in alcoholic 
solution to form oily bases, and with the rormal ester of opianic 
acid to an amorphous base, which we were unable to crystallise. 
Nitropiperonal, however, yields a crystalline condensation product 
with both cotarnine and hydrastinine, although in each case there 
are a number of by-products the investigation of which is not yet 
complete. 

Cotarnine (20 grams) and 6-nitropiperonal (22 grams) were 
boiled together under reflux with ethyl alcohol (300 c.c.) during 
forty minutes. A greenish-yellow, sandy, crystalline precipitate 
separated from the solution as the reaction proceeded, and at the 
end was collected and washed with alcohol. The nature of the 
substances remaining in the filtrate is being investigated. After 
drying, the base, which is almost pure, weighed 9 grams. The 
substance is very sparingly soluble in almost all organic solvents, 
but could be crystallised by boiling with a large quantity of chloro- 
form, and adding alcohol to the solution after concentration. It 
may also be crystallised, if the operation be conducted quickly, 
from a mixture of pyridine and alcohol. The substance was 
obtained as a yellow powder, consisting of small, compact prisms, 
and melting at 172°, after turning orange at 140°: 


0°1345 gave 0°2727 CO, and 0°0492 H,O. C=55°3; H=4'1. 
Ci9H,30,N, requires C=55°3; H=4'l1 per cent. 


This base forms sparingly soluble salts with mineral acids, so 
that it does not appear to dissolve in dilute hydrochloric acid. It 
is, however, readily soluble in acetic acid, and the solution gives 
no precipitate on dilution. The solution in either glacial or dilute 
acetic acid is unchanged on boiling, and when to the latter dilute 
nitric acid is added, there is an immediate precipitation of a 
sparingly soluble nitrate. Hydrochloric acid also causes a separa- 
tion of a sparjngly soluble hydrochloride when it is added to the 
solution of the base in dilute acetic acid, whilst with sulphuric 
acid, under similar conditions, no precipitation occurs at first, and 
then later the sulphate separates in gelatinous flocks, which slowly 
become crystalline. The acid oxalate crystallises from moderately 
concentrated solutions in slender needles, and, in common with the 
hydrochloride, sulphate, and nitrate, is pale yellow. The picrate 
will crystallise from a solution of the base and picric acid in glacial 
acetic acid, but it is more conveniently obtained by mixing this 
solution with acetone. It consists of bright yellow prisms and 
needles, melting and decomposing at 247—248°. 

The suspension of the base in alcohol is unchanged by the addi- 
tion of phenylhydrazine, even on boiling; a reaction between the 
two substances occurs, however, in the presence of a small propor- 
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tion of acetic acid. Nitropiperonoylhydrocotarnine dissolved in 
dilute acetic acid was gently warmed with a solution of pheny]- 
hydrazine in the same solvent. A bright red substance separated 
in flocks, and was collected when the reaction appeared to be com- 
plete. ; 

The compound crystallised from glacial acetic acid in bright 
red, prismatic needles, and melted at 218°. It was identified as 
the phenylhydrazone of nitropiperonal, a specimen of which was 
prepared for the purpose of comparison. A mixture of the com- 
pound obtained from the base with the substance obtained from 
the nitroaldehyde melted at 218°. Nitropiperonalphenyl- 
hydrazone has been prepared by Haber (Ber., 1891, 24, 625), who, 
however, describes it as needles, from aqueous alcohol, melting at 
212°. Our substance is sparingly soluble in alcohol, and always 
crystallises in prisms. 


We desire to express our thanks to the Research Fund Com- 
mittee of the Chemical Society for a grant which has defrayed 
part of the expense of this investigation. 
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CXXXIX.—Quinone-ammonium Derivatives. Part I1]. 
Dihaloid, Monoazo-, Bisazo-, Nitrotriazo-, and 
Bistriazo-compounds: Attempts to Prepare Deriv- 
atives Containing an Asymmetric Quinquevalent 
Nitrogen Atom. 


By RapHaeL Metpota and Witiam Francis HOo.tety. 


THE continuation of these researches, of which the second instal- 
ment was communicated to the Society last year (T., 1913, 108, 
177), has enabled us to confirm our former conclusions concerning 
the readiness with which the dinitroquinone-ammonium compounds 
can be converted into other derivatives by taking advantage of the 
partial or complete reducibility of the nitro-groups. Several new 
types of such compounds are described in the present paper. 
Throughout this work the main object of preparing quinone-ammon- 
ium derivatives containing an asymmetric quinquevalent nitrogen 
atom has been kept in view. The interest attaching to compounds 
of this type arises from their parallelism with the tertiary asym- 


1470 MELDOLA AND HOLLELY: 


metric ammonium oxides (Meisenheimer, Ber., 1908, 41, 3966, 
Annalen, 1911, 385, 117), as shown by the formule: 
ON .a.b.c O:C,Hy:N .a.b.c. 

There is the further parallelism with the iminazolium compounds 
described by us in former papers, this parallelism in the case of the 
dinitro-derivatives having been recently shown to be complete (this 
vol., p. 977). The conditions which have to be realised in order to 
effect. the desired synthesis are that the nitrogen atom should be 
attached to three different radicles, and that the compound should 
be sufficiently acid or sufficiently basic to be amenable to the usual 
methods of resolution into optical isomerides. As will be seen from 
our former papers and from the results made known in the present 
communication, all the compounds so far prepared are more or less 
basic, even when containing nitro-groups or halogen atoms in the 
benzene ring. The synthesis of quinone-ammonium compounds con- 
taining strongly acid radicles such as CO,H or SO,H in the nucleus 
has not yet been attempted, and it is proposed to extend the 
research in this direction. The preparation of more highly basic 
derivatives by the partial or complete removal of the acid radicles 
has been attempted in a preliminary way, but this part of the 
research has presented many experimental difficulties which have 
yet to be surmounted. 

Much time has been devoted to the attempt to realise the other 
condition, namely, the attachment of three dissimilar radicles to 
the nitrogen atom, and a compound has been prepared in which 
the radicles benzyl, methyl, and ethyl have been successively intro- 
duced in the order indicated (see T., 1913, 103, 179). The further 
study of this and analogous compounds containing two similar and 
one dissimilar radicle has, however, revealed the unexpected prin- 
ciple that the nitrogen atom in these derivatives appears to be in- 
capable of carrying three radicles when the weight (or size) of these 
radicles exceeds some particular and at present undetermined limit. 
If this limit is exceeded instead of the expected quinone-ammonium 
compound the isomeric dialkyl-p-aminophenyl ether may be formed ; 
thus, in the case of zsopicramic acid, supposing the radicles a, 6, c 
to be introduced in the order indicated, the quinone-ammonium 
compound would be No. I. In fact, when a=benzyl, )=methy]l, 


0 O.c 
ff 
NOy NOs _ (or betaine NO, NO; 
formula) od 
N.a.b.c. N.a.b 


(I.) (II.) 
and c=ethyl, the isomeric compound (No. II) appears to be the 
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sole product under the conditions of alkylation described in the 
experimental part of this paper. The evidence upon which this 
conclusion is based is given further on, and it will be seen that the 
research has, in view of this discovery been diverted into another 
channel. It may become necessary to attack the problem of syn- 
thesising compounds of the type of No. 1 by other and, possibly, 
indirect methods. These results, although made known only pre- 
liminarily in the present paper, are of special interest as giving 
an indication that the extreme alkylation of 2:6-disubstituted 
p-aminophenol may proceed normally in spite of steric hindrance 
when the radicles a, b, c exceed a certain weight. We attribute the 
specific distribution of the radicles to their weight simply in the 
absence of direct evidence that any other property governs their 
mode of attachment. It will be necessary, however, to ascertain 
whether it is weight only that is effective, or whether the size or 
constitution of the radicle may not also have to be taken into con- 
sideration.* As bearing upon this question, we may state that in 
the course of preparing certain substituted asymmetric quinque- 
valent nitrogen compounds required for another research it has 
been founa that whilst propyl iodide readily attaches itself to the 
tertiary nitrogen atom, ¢sopropyl iodide is quite inert. It has also 
to be ascertained at what stage of the alkylation the third radicle 
attaches itself to the oxygen atom, as it is by no means certain 
that the attachment is direct. There is some evidence that the 
quinone-ammonium compound (No. I) is first formed, and that this 
passes by isomeric change into the more stable type (II). Further 
experiments on this subject are in progress. 


EXPERIMENTAL. 
Alkylation of 2:6-Dibromo-p-aminophenol. 


Bromonitro-, iodonitro-, dibromo-, and di-iodo-derivatives of the 
trimethylquinone-ammonium compound have been described in our 
last paper. In all those cases where the halogen has been intro- 
duced indirectly into the nucleus, advantage has been taken of the 
diazotisable character of the amino- or diamino-compound obtained 
by partial or complete reduction. We may add that the applica- 
tion of this method to the preparation of chloronitro- and dichloro- 
derivatives for the purpose of completing the series has so far been 
unsuccessful owing to the extreme solubility of the compounds in 
water. There is no doubt that substitution of chlorine for the 
diazonium group takes place, especially when Gattermann’s modi- 


* Compare, for instance, the action of dimethylamine and diethylamine on 
2:8 : 6-trinitro-p-acetylaminophenol (T., 1909, 95, 1037) 
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fication of the diazo-reaction is employed, but the products cannot 
be satisfactorily isolated for the reason assigned, and no organic 
solvent which has been tried appears to dissolve the bases out of 
the aqueous solution. 

2:6-Dibromo-paminophenol, having a sterically “ protected” 
hydroxyl and a free amino-group, seemed a promising substance 
for our purpose, and some of this compound was accordingly pre- 
pared by reducing 2: 6-dibromo-pnitrophenol (Méhlau, Ber., 1882, 
15, 2493; 1883, 16. 2845). The melting point of the latter com- 
pound when pure is 143—144° (141°, Beilstein, II., 698). In our 
experiments it was found unnecessary to isolate the free base, and 
the crystalline hydrochloride was used. These experiments have 
hitherto been unsuccessful so far as concerns the introduction of 
one alkyl group into the 4-amino-group. The alkylation either 
fails altogether, or goes too far, but we propose extending the work 
in this direction. 

Complete Methylation—As with the analogously constituted 
isopicramic acid, dibromo-paminophenol can be completely methy]- 
ated by agitating for some time with excess of methyl sulphate in 
presence of sodium hydroxide in the usual way. The trimethy]l- 
ammonium compound thus obtained was isolated in the form of its 
crystalline chloride, the latter converted into the base by the action 
of silver oxide, and the base into a picrate. The latter, after purifi- 
cation by crystallisation from alcohol, melted at 208—209°, and 
proved to be identical with that described in our last paper (T., 
1913, 103, 186) (Found, N=10°44. C,H,,ONBr,,C,H,0,N, requires 
N=10°41 per cent.). 

This result therefore gives direct proof of the constitution of 
2 : 6-dibromo-4-trimethylammonium-l-benzoquinone, the position of 
the bromine atoms in this compound having been formerly assigned 
on indirect evidence (loc. cit., p. 186). 

Complete Ethylation.—The ethylation of the dibromoaminophenol 
by the usual method with ethyl sulphate and alkali takes place 
but slowly, and two days were required before the reaction was 
complete. The triethyl derivative remains dissolved in the excess 
of ethyl sulphate, which separates as an oily layer from the alkaline 
solution. In order to remove the excess of ethyl sulphate and to 
convert the compound into a crystalline salt, the solution was made 
strongly acid with hydrochloric acid and allowed to remain with 
frequent agitation until the oily layer had disappeared and a 
crystalline deposit of the chloride of the ammonium base had 
separated out. The chloride crystallises in slender, white needles, 
which were difficult to obtain of perfectly definite composition 
(Found, N=4:07, instead of 3°61 per cent), so the salt was basified 
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by means of sodium hydroxide when a resinous deposit separated, 
and this solidified to a crystalline cake on standing. After washing 
with water and crystallisation from alcohol, the base was finally 
obtained in large, colourless, tabular crystals melting at 59—62° 
(air-dried). Analysis showed (by N determination) that the com- 
pound still contained some small quantity of impurity, so the 
product was further purified by conversion into a picrate by mixing 
alcoholic solutions of the base and of picric acid. This salt was 
purified by crystallisation from alcohol until the melting point was 
constant (197—-198°), a specimen was analysed, and the remainder 
basified by boiling with alcoholic sodium hydroxide and the base 
precipitated by dilution with water. The purified base, after being 
collected and washed, was again crystallised from alcohol, and had 
the melting point 63—64° (air-dried). The picrate crystallises in 
large, yellow, prismatic needles, and the base, as already stated, in 
colourless, transparent tablets: 

0°0868 (base from purified picrate) gave 3°2 c.c. N, (moist) at 14° 

and 766°8 mm. N=4°37. 

0°1920 (base before purification) gave 0°2059 AgBr (method of 

Carius). Br=45°64. 
C,,H,,ONBr, requires N=3°'99; Br=45°55 per cent. 

0°0936 (picrate) gave 7°9 c.c. Ny (moist) at 17°5° and 756°3 mm. 

N=9°'72. 
C,2.H,,ONBr,,C,;H;0,N; requires N=9°66 per cent. 

The constitution of this compound must for the present remain 
undetermined. Although prepared by the same method as that 
which gives the trimethylquinone-ammonium compound, it by no 
means follows that it is of the same type, since ethyl appears to 
behave differently to methyl in the case of isopicramic acid.* The 
present compound may, in fact, be the ether (II), and not the 
quinone-ammonium compound (I): 


O O-C,H, 
AN 
Bey ne (or betaine * \Br 
formula) 
N(C,H,); N(C,H5)> 
(I.) (II.) 


The low melting point of the free base, and the fact that the 
base is so readily liberated from its salts by alkali, rather indicate 


* It is possible that a triethylammonium compound may be formed at one stage 
by ethylation with ethyl sulphate, and is decomposed by the alkali. Several 
experiments carried out in the same way as that which gives the trimethylammonium 
compound resulted in the formation of amorphous products, having none of the 
characters of quinone-ammonium derivatives. 
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that the compound is the ethyl ether, but further experiments 
will be necessary to decide this point. It is of interest in con- 
nexion with this result to record the fact that paminophenol 
cannot be converted into a triethylammonium iodide by the action 
of ethyl iodide in alcoholic solution in the presence of alkali 
according to the original method of Griess, although this process 
gives good results with methyl iodide. 


M onoazo-compounds. 


The dinitroquinone-ammonium compound having been proved to 
be partly reducible, and the resulting nitroamino-derivative having 
been found capable of being diazotised (T., 1913, 108, 189), nitro- 
azo-compounds are easily obtainable, and one of these (from 
8-naphthol) is described in the paper referred to. A few of these 
nitroazo-compounds have been prepared, but as they do not possess 
any properties of particular interest in connexion with the present 
research, their description is omitted. In order to prepare a 
typical haloid-azo-compound the iodonitro-derivative (loc. cit., 
p. 180) was reduced by tin and hydrochloric acid, the tin removed 
as sulphide, the clear solution concentrated to a small volume, and 
the amino-compound diazotised in the usual way. It was at first 
assumed that iodoazo-compounds would be obtainable from the 
diazonium salt, but the results showed at once that iodine had also 
been eliminated by the reducing agent employed,* so that a method 
of preparing monoazo-compounds had been discovered. The typical 
compound from f-naphtho! is described below: 

On mixing the solution of the diazonium chloride with an alkaline 
solution of B-naphthol the azo-compound separated as a dark- 
coloured precipitate, which was collected and washed with water. 
It was at first thought that the compound was phenolic, but further 
examination showed that it was soluble in hot water without the 
aid of alkali, and that the latter in excess simply “salted out ” the 
azo-base. Purification was effected by dissolving the crude product 
in hot water with the aid of hydrochloric acid, filtering, and adding 
sodium hydroxide solution to the filtrate. The base separates on 
cooling as a bulky precipitate, consisting of a pulp of very fine violet 
needles. It dissolves freely in alcohol with a violet colour, and in 
boiling water with a violet-red colour. From aqueous solutions of 
a certain degree of concentration and containing no inorganic 
material it separates in a colloidal form. The compound dried at 
100° consisted of violet needles melting and decomposing from 157° 
to 162°. Analysis showed that the compound was a hydrate: 


* Ammonium sulphide would probably reduce the nitro-group without removing 
the iodine. 
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0°0925 gave 0°2276 CO, and 0°0518 H,O. C=67:10; H=6°22. 
071222 ,, 12°9 c.c. Ny (moist) at 16° and 757°6 mm. N=12°27. 
Cy9H90.N3,H,O requires C=67°21; H=6°24; N=12°39 per cent. 

The above “ hydrate ” loses its water at 120° without undergoing 
any change in appearance: 

0°4662 lost 0°0224 H,O=4'8. 

C19H90,N3,H,O requires H,O=5°31 per cent. 
0°1076 (dried as above) gave 11°9 cc. Nz (moist) at 16° and 
767°7 mm. Nj=13°02. 
Cy9HO,N3 requires N=13°08 per cent. 

The dry compound is accordingly 2-8-naphtholazo-4-trimethyl- 

ammonium-1-benzoquinone (I), and the hydrate the ammonium 


hydroxide base (II): 


0 OH OH 
( \N,*O, 5H, OH? ‘d WN ,'C,oHOH® f NW ,°,Hy0H’ 
(or betaine 
yw formula) H i a ius 
N(CH,), O-N(CHs); (CH), 
(I.) (IL.) (III.) 


The nitroazo-compound also appears to exist both as an anhydride 
and an ammonium hydroxide base (loc. cit., p. 189). The basic 
character of the ammonium group is well maintained in this com- 
pound, and it forms red salts with all acids, organic and inorganic. 
These salts are of the above type (III), in which X represents the 
acid radicle. The colour change on adding acid to the alcoholic 
or hot aqueous solution of the base is most striking. The chloride 
can be prepared by adding hydrochloric acid in excess to a solution 
of the base in hot glacial acetic acid, diluting with water, and 
allowing to crystallise. It consists of red needles, which disinte- 
grate to a crystalline powder when dried at 100°: 


0°1024 gave 10°3 N, (moist) at 15°5° and 756°9 mm. N=11°70. 
0°2025 ,, (method of Carius) 0°0780 AgCl. Cl=9°52. 
C9H,0,N,Cl requires N=11°75 ; Cl=9°91 per cent. 

(The presence of ionisable chlorine and the absence of iodine in 
the above salt was proved by the usual qualitative tests.) 

The nitrate separates on cooling when the base is dissolved in 
hot water acidified with nitric acid. It consists of very minute, 
scarlet needles almost insoluble in cold water in presence of excess 
of nitric acid. The salt undergoes no change on drying at 100°: 


0°0294 gave 3°7 c.c. Nz (moist) at 17°5° and 757°38 mm. N=14°53. 
C,9H0;N, requires N=14°59 per cent. 
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Bisazo-compounds, 


The preparation of a compound of the above type was referred to 
in our last paper (/oc. cit., p. 190), and we are now enabled to make 
known the details of this part of the work. 

The dinitrotrimethylquinone-ammonium compound was reduced 
as before with tin and hydrochloric acid, the tin removed as 
sulphide, and the concentrated filtrate diazotised in the usual way. 
On mixing the solution of the diazonium salt with an alkaline 
solution of B-naphthol, a dark violet substance at once separates, 
and this, after being collected and washed, was purified by crystal- 
lisation from glacial acetic acid. At this stage the compound con- 
sisted of minute, bronzy needles, melting and decomposing at 
248—250°, analysis indicating that it was a hydrated acetate: 

0°1908 gave 20°4 c.c. N, (moist) at 15°5° and 762°7 mm. N=12'5. 

Cy9H,;03N;,C,H,O,,H,O requires N=12°3 per cent. 

The compound was converted into the base by warming with 
alcoholic sodium hydroxide and precipitating with water. The base 
separated on cooling in minute, dull, bronzy needles, melting and 
decomposing at 237—239°. Much difficulty was experienced in 
obtaining the compound pure owing to its tendency to retain small 
quantities of mineral matter (? sodium salts) not removable by 
washing, and the specimen finally analysed contained 2°1 per cent. 
of ash, the analyses being corrected for this contamination: 

0°0826 gave 0°2068 CO, and 0°0416 H,O. C=68'28; H=5'59. 

0°0898 ,, 0°2243 CO, ,, 0°0438 H,O. C=6812; H=5°42. 

0°1339 «,, 16:1 c.c. Ng (moist) at 16° and 755°4 mm. N=13°93. 
Cy9H_,0,N, requires C=68°33; H=5°34; N=13°76 per cent. 

The compound is therefore the ammonium hydroxide form (II) 

of 2:6-bisazo-8-naphthol-4-trimethylammonium-l-benzoquinone (1): 
O 


PHO-C,,HyN,< Ny'O,oHyOH? 


4 
N(CHs), 
(I.) 


(or betaine formula) 


OH 
PHO-O,5HyNy( \Ny*CypHyOHP 


hf 
HO-N(CH,), 
(IL.) 
Water is not given off at 100°, so the substance was dried at 
110—115° until constant in weight: 
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0°4251 lost 0°0139=3°27. 

C.9H,,0;N;,H,O requires H,O=3°54 per cent. 

The loss of water appears to be accompanied by some decomposi- 
tion, as the analysis of the specimen thus dried indicated loss of 
nitrogen : 

0°1038 gave 12°2 c.c. N, (moist) at 16° and 760°8 mm. N=13°72. 

C.9H,;O,N, requires N=14°25 per cent. 

This bisazo-compound dissolves in concentrated sulphuric acid 
with an indigo-blue colour, which is of a bluer tint than that 
shown by the monoazo-compound in this solvent. The solution 
becomes red on dilution with water. The substance is not dis- 
tinctly phenolic, but dissolves in alcoholic sodium hydroxide with 
an indigo-blue colour. Like the monoazo-compound, it is distinctly 
basic in character, all the salts being red. The chloride was pre- 
pared by dissolving the base in glacial acetic acid, adding concen- 
trated hydrochloric acid, and diluting with water until crystals 
began to separate. The salt consisted of a brick-red, microcrystal- 
line powder, which, after being washed with alcoholic hydrochloric 
acid, was dried at 100°: 

0°1094 gave 12°2 c.c. N, (moist) at 10° and 755°2 mm. N=13°26. 

Co9Hg03N;Cl requires N=13°27 per cent. 
The presence of ionisable chlorine was proved qualitatively. 


2-Nitro-6-triazo-4-trimethylammomum-|-benzoquinone. 


This compound was prepared from the 2:6-dinitro-compound by 
reducing the latter with ammonium sulphide, converting the nitro- 
amino-compound into a chloride, and diazotising the latter in the 
usual way. The solution of the diazonium salt was freed from 
excess of nitrous acid by the addition of carbamide, and a solution 
of sodium azide added. After remaining for a day at the ordinary 
temperature the triazo-compound, which separated as a crystalline 
deposit, was collected and washed with water, and purified by 
solution in hydrochloric acid, filtration, and precipitation by 
ammonia. The compound dissolves in boiling water, and separates 
on cooling in red needles or from a dilute solution in red scales. 
It is highly explosive, and no melting point could be taken. An 
air-dried specimen was analysed : 
0°0751 gave 18°9 c.c. N, (moist) at 15°5° and 760°4 mm. N=29°42. 

C,H,,0O,N, requires N=29°54 per cent. 

The compound is distinctly basic, and its salts with mineral acids 
are colourless. When heated to 100° it undergoes a remarkable 
change of colour, the bright red needles becoming dark brown and 
then exploding. It was thought at first that this change of colour 
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might be due to dehydration, but the analysis of the air-dried red 
substance clearly indicated that the compound was not a hydrate. 
Taking into consideration the general conclusions concerning the 
relationship between colour and constitution formerly arrived at 
and the colour of the bistriazo-compound described in the succeed- 
ing section, the constitution of the two forms is best represented by 
the formule: 


O O OH 
Ng(..NO-0- N,/ NNO, N 26m NO, 
| : 
4 \Z \Y 
N(CH;),— N(CH,)s ar 
(1.) (II.) (IIT. ) 


The ‘inner salt” structure (I) is assigned to the red form in 
accordance with former precedents. At a moderate temperature 
(100°) the inner-salt linking breaks down, and the normal type (II) 
results. This “internal dissociation” is perfectly analogous to that 
which takes place, when the red form of phenylaminodinitroaceto- 
p-anisidide is converted into the ochreous form by the action of 
heat, as described by us in a recent paper (this vol., p. 979). The 
salts (III) have the normal structure. 

It may be added that the older (Griess) method of preparing 
triazo-compaqunds was tried in this case with negative results. The 
solution of the diazotised nitroamino-trimethylammonium compound 
gives an immediate precipitate with bromine, the perbromide thus 
obtained forming an orange, microcrystalline powder. The action 
of ammonia on the latter gave no definite compound. 


2: 6-Bistriazo-4-trimethylammoniwum-1-benzoquinone, 
oo 0, 
N,/ NN Ni \iN---NiN 


| | 8 (or betaine formula) or* ) 
‘\ 


4 ~ 
N(CH,), N(CH3),~ 


The investigation of this compound has been surrounded by 
practical difficulties owing to its properties, and it has not been 
found possible to isolate the free base. There can, however, be no 
doubt as to the formation of the substance, and its salts are suffi- 
ciently definite to establish its constitution. The compound was 
prepared by completely reducing the 2: 6-dinitro-compound with tin 


* The above formula, based on Thiele’s hypothesis of the constitution of hydrazoic 
acid, is worthy of consideration, in view of the fact that the free base appears to be 
a brown substance. 
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and hydrochloric acid, removing the tin as sulphide and diazotising 
the cooled, concentrated solution of the chloride in the usual way. 
After destroying the excess of nitrous acid by carbamide, adding 
an excess of sodium azide in aqueous solution, and allowing to 
remain for some hours, an ochreous substance, crystallising in 
scales, separated out. The latter, on being tested, was found to 
contain chlorine, and was therefore the chloride or a mixture con- 
taining the chloride. It was then found that this separation of 
the chloride was due to the presence of free hydrochloric acid, in 
which the chloride is less soluble than in water. The addition of 
concentrated hydrochloric acid to the original mother liquor caused 
the separation of another crop of crystals. 

The chloride obtained as above is originally a colourless substance 
crystallising in needles when pure, but dissociating on exposure to 
the air, on treatment with water in excess, on crystallisation from 
alcohol, or on drying at 100°. These conclusions are based on the 
analyses and on the observed colour changes; thus the air-dried 
substance gradually becomes brown on exposure; the same change 
takes place at 100°, and the substance is then apt to explode. The 
brown substance is most probably the free base, but the latter is 
extremely soluble in water, and is decomposed by boiling with 
water, and could not be obtained in a crystalline form: 


0°0662 (air-dried) gave 20°1 c.c. N, (moist) at 17° and 774°5 mm. 
N=35'91. 
0°0656 (crystallised from alcohol and rapidly dried at 100°) gave 
21°2 c.c. N, (moist) at 18°5° and 764 mm. N=37°43. 
C,H,,ON,Cl requires N = 36°37 per cent. 


These results, and others which we do not think it necessary 
to give in detail, are sufficient to indicate that the compound forms 
a chloride which is more or less dissociable. The presence of ionis- 
able chlorine was proved qualitatively. In view of the unsatis- 
factory properties of this salt and of the free base, an attempt was 
made to obtain some more manageable salt, and the picrate was 
found to be quite stable and perfectly definite. In order to prepare 
this salt, some of the chloride was agitated in aqueous solution 
with moist silver oxide, the excess of oxide and chloride removed 
by filtration, and the clear aqueous solution of the base mixed 
with an alcoholic solution containing one molecular proportion of 
picric acid. A yellow precipitate at once separated, and this, after 
being collected and washed and twice crystallised from alcohol, 
gave the pure picrate as a compound crystallising in fine yellow 
scales, which were highly explosive, and of which the melting or 
decomposing point could not be determined: 

5 D2 
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0°0774 gave 19°8 c.c. Ny (moist) at 12° and 761 mm. N=30°41. 
C,H,,ON,,C,H;0,N, requires N=30°31 per cent. 

Attempts to obtain definite products of decomposition of the 

bistriazo-compound have so far been unsuccessful. 


Attempts to prepare Compounds containing an Asymmetric 
Quinguevalent Nitrogen Atom. 


The first attempts towards the practical solution of this problem 
were made with mono-alkylated p-aminophenol, but the usual diffi- 
culties were experienced, and this mode of attack has for the present 
been abandoned. The results obtained are, however, worthy of 
being placed upon record as illustrating the nature of the difficul- 
ties which have to be met in order to attach three different radicles 
to a nitrogen atom attached to a phenolic nucleus. In the first 
place, it may be pointed out that it appears to be impossible to 
regulate the alkylation. of p-aminophenol when the ordinary 
alkylating agents (alkyl haloids) are used. It may be possible to 
prepare monoalkyl derivatives by heating the hydrochloride with 
the necessary alcohol in sealed tubes, but this process has not yet 
been tried because methyl- and ethyl-paminophenol are obtainable 
as technical products, a supply of the latter having been placed at 
our disposal by Messrs. Cassella & Co., of Frankfort, to which firm 
we have much pleasure in returning our thanks. 

In the following and in succeeding attempts to alkylate the alkyl- 
p-aminophenols, the method employed was that made use of many 
years ago by one of the authors and E. H. R. Salmon for the 
benzylation of the nitroanilines (T., 1888, 53, 779). It was made 
known in the paper referred to that the action of benzyl chloride 
could be modified under appropriate conditions so as to limit the 
number of benzyl groups entering the amino-group. In order to 
apply this method to the present case, ethyl-p-aminophenol was 
suspended in water, one molecular proportion of benzyl chloride 
added, and the contents of the flask kept heated with frequent 
agitation for three days. By the end of this time the odour of 
benzyl chloride had disappeared, and a heavy, oily layer had 
separated out. The whole product was then made slightly alkaline 
with ammonia, washed with water, and allowed to remain until 
the oily layer had solidified. At this stage we probably had in hand 
benzylethyl-p-aminophenol, as the substance had none of the pro- 
perties of an ammonium base. As we were not particularly 
concerned in isolating this compound in a state of purity, and as 
it was not found possible to crystallise it from any solvent, the 
whole product was dried, and an attempt made to methylate it. 
For this purpose the substance was dissolved in excess of methyl 
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sulphate, the solution kept at 100° for half an hour, and then 
stirred into a concentrated solution of potassium iodide. It was 
hoped that by this method a crystalline benzylmethylethyl iodide 
would be obtained, and there was evidence that such a compound 
was actually formed. The resinous substance which separated out 
had, however, a very strong odour of benzyl iodide, so that the 
decomposition : 

HO-C,H,°N(CH;)(C,H;)*C;H,I = HO: "Ce ;H,°-N(CH;)°C,H, + C,H,I, 
had evidently taken place. 

An attempt was next made to benzylate methyl-p-aminophenol 
vy the same method. The reaction in this case appeared to take 
place so readily that the heating with benzyl chloride and water 
was discontinued after two to three hours. The addition of 
ammonia caused the separation of a resinous substance, which was 
washed and dried for subsequent ethylation on the assumption that 
the required benzylmethyl-p-aminophenol had been obtained. The 
ethylation was attempted by heating the solution of the substance 
in ethyl sulphate to the fuming point of the latter for a few minutes 
and then allowing to cool. The product on being boiled with water 
separated into an insoluble tar and a portion soluble in hot water 
and crystallising out on cooling in white needles. The latter were 
further purified by crystallisation from water until quite free from 
tar, and then boiled with a solution of potassium bromide on the 
assumption that the crystalline salt was an ethyl sulphate, which 
by this treatment would give the bromide. In view of the readiness 
with which iodine detaches benzyl it was thought better to prepare 
the bromide in this case. 

The bromide obtained as above was er by further crystal- 
lisation from water, and finally obtained in well-defined, white 
prisms, crystallising in rosettes. Analysis proved the substance to 
be a dibenzylmethyl and not the expected benzylmethylethyl com- 


pound (I): 
OH O-C,H, 
é $ 
, b 4 Ae 
' Br-N(CH,)(C,H,)°C,H, N(CH,):C,H,,HBr 
(I.) (II. ) 


0°2193 gave 7°2 c.c. Ny (moist) at 16°5° and 750°7 mm. N=3°77. 
071909 ,, (by wet method) 0°0929 AgBr. Br=20°71. 
C,,H,ONBr requires N=3'64; Br=20°81 per cent. 
CisH,ONBr , N=4'35; Br=24°82 ,,_ ,, 
The free base obtained from this bromide proved to be a resinous, 
non-phenolic substance, and no other crystalline salts were prepared. 


a A a ce en te eS 
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This result indicates that the benzylation of methyl-pamino- 
phenol gives a dibenzyl derivative, and that the hydroxyl group is 
therefore benzylated simultaneously with the methylamino-group. 
The product was, in fact, the benzyl ether, and the salt analysed 
the hydrobromide of this base (II), the treatment with ethyl 
sulphate having left the dibenzyl methyl derivative unchanged. 


Benzylation of isoPicramic Acid. 


The foregoing results with alkyl-paminophenols unsubstituted in 
the benzene nucleus led us to consider whether the action of the 
alkylating agents would be brought more under control by the 
introduction of acid radicles into the nucleus into such positions 
as would not completely check alkylation of the amino-group 
through steric protection. isoPicramic acid, having a “ free” 
amino-group, complies with these requirements, and a number of 
experiments with this compound carried out under various condi- 
tions have led to definite results which are quite satisfactory 
so far as they go, and which would probably be improved by the 
substitution of benzyl bromide for the chloride as the benzylating 
agent. The details of the process are as follows: 

Finely powdered isopicramic acid is suspended in water, and the 
calculated quantity (one molecular proportion) of benzyl chloride 
added. The contents of the flask are kept at water-bath tempera- 
ture for two to three days with frequent agitation; ammonia in 
excess is added to the hot solution, and, when quite cold, the 
crystalline pulp of crystals collected and washed with cold water 
until the washings change in colour from reddish-violet to purple. 
The object of this treatment is to remove unchanged isopicramic 
acid, the ammonium salt of which is readily soluble in cold water, 
whilst the ammonium salts of mono- and di-benzylisopicramic acids 
are relatively insoluble. The washed ammonium salts are then 
decomposed by hydrochloric acid, dried, and repeatedly crystal- 
lised from alcohol in order to separate the monobenzyl derivative. 
The latter when pure crystallises in long, violet prisms, with a 
slight metallic lustre, and melting at 155—156°: 

0°1071 gave 0°2122 CO, and 0°0352 H,O. C=54:04; H=3°65. 

071120 ,, 13°9 cc. N, (moist) at 16° and 764°9 mm. N=14'55. 

C,3;H,,0;N; requires C=53°95; H=3°83; N=14'54 per cent. 

The substance is distinctly phenolic, and dissolves in dilute 
aqueous alkali with a dull violet colour; it is distinctly less basic 
than isopicramic acid, and can be separated from the latter by 
extraction with hydrochloric acid. The ammonium salt crystallises 
in flat needles with a beautiful, bronzy lustre, soluble in hot water 


— 
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with a violet colour, and but sparingly soluble in cold water. The 
sodium salt crystallises in lustrous, bronzy scales, which are but 
sparingly soluble in cold water in presence of sodium hydroxide. 

The alcoholic mother liquors from which the monobenzyliso- 
picramic acid has been removed contain dibenzylisopicramic acid. 
This last compound does not especially concern the present research, 
so it has not been studied in detail. As it appears to be new to 
science, however, we may point out that it can be isolated from 
the alcoholic mother liquors by distilling off the alcohol fractionally, 
so as to allow the deposition of successive crops of crystals from 
the solution when cold. The first or two first crops consist of 
mixtures of the mono- and di-benzyl derivatives; the later crops 
consist of the dibenzy! derivative, which, when pure, crystallises in 
dull red needles, melting at 112—114°: 

0°1524 gave 14°7 c.c. N, (moist) at 19°5° and 765°9 mm. N=11°15. 
C39H,,0;N3 requires N=11°08 per cent. 

The compound is more soluble in cold alcohol than the dibenzyl 
derivative; water precipitates it from a dilute alcoholic solution 
in red scales. The ammonium salt, crystallising in bronzy needles, 
is very insoluble in cold water, to which it imparts a slight violet 
colour, bluer in shade than that imparted by the monobenzyl- 
ammonium salt. It dissolves freely in dilute sodium hydroxide 
with a dull, claret-red colour, which becomes violet on adding 
excess of alkali, the sodium salt then separating in dark purple 
needles with a bronzy lustre. ‘The constitution of the compounds 
described in this section and of the salts of the dibenzyl derivative, 
as inferred from the colour changes referred to, are given below: 


OH OH 
No,” \NO, NO,/ Nvo, a 
| } 
XZ bd 
M. p. 155—156°. M. p. 112—114°. 
0 0 
N0,(/ »NO-0- NO, S:NO,M’ 
r purple 
\s hot 
N(C,H,).— N(C,H,), 
(Salts. ) 


It appears from these results that even under the most favour- 
able conditions it is impossible to check the action of benzyl chloride 
so as to limit the attack to the substitution of one hydrogen atom 
of the amino-group. In all our experiments the products have 
always been mono- and di-benzyl derivatives and unattacked 
isopicramic acid. Excess of benzyl chloride dibenzylates the whole 
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of the batch, and the addition of sodium carbonate, ammonium 
acetate, etc., increases the yield of dibenzyl derivative. By the 
method described the monobenzyl derivative is the predominant 
product.* 


Methylation of Benzylisopicramic Acid. 


Methylation was effected by heating the monobenzyl derivative 
with excess of methyl sulphate to 100° for about an hour, pouring 
the product into water, and decomposing the excess of methyl 
sulphate by agitation with hot water, followed by the addition of 
ammonia. It is inadvisable to remove the excess of methyl sulphate 
with alkali at once, as the whole product undergoes further methy]l- 
ation with the formation of a quinoneammonium compound. 
Under the conditions of working described above, there is always 
formed a small quantity of the latter, which can be separated by 
taking advantage of its non-phenolic character. For this reason 
the hot ammoniacal solution is filtered, and the filtrate acidified 
with hydrochloric acid, when the benzylmethylisopicramic acid 
separates out, and the quinone-ammonium compound remains on the 
filter. Or the ammoniacal filtrate can be allowed to cool, and the 
ammonium salt, which crystallises in violet needles with a bronzy 
lustre, collected and washed, and then decomposed by acid. 

Pure benzylmethylisomicramic acid, 

OH 


4 
NO, NNO, (or alternative quinonoid formula), 
N(CH,)C,H, 
crystallises from alcohol in brown scales with a bronzy lustre, and 
having a melting point of 111—112°: 

0°1236 gave 0°2512 CO, and 0°0472 H,O. C=55°42; H=4°24. 

071359 ,, 165 c.c. N, (moist) at 19° and 759°5 mm. N'=13°94. 

C,,H,;0;N, requires C=55°42; H=4°32; N=13°86 per cent. 

The compound resembles the monobenzy] derivatives in its general 
properties. An attempt to add allyl iodide to the benzylmethyl- 
amino-group led to the displacement of benzyl, and this mode of 
attacking the problem was accordingly abandoned. 

The non-phenolic by-product left on the filter had all the proper- 
ties of a quinone-ammonium derivative, being soluble in hydro- 
chloric acid and precipitated by ammonia. Advantage of this 
property was taken in order to purify the compound which was 

* By the benzylation of picramic acid by the same method, a monobenzyl 
derivative (m. p. 139—140°; ochreous, stumpy prisms) is readily obtained. This 


compound has not been further studied, because it has proved to be unsuitable for 
the present research at the succeeding stages of alkylation. 
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obtained in deep red, lustrous scales, melting and decomposing at 
234—-235°, and proving on analysis to be 2:6-dinttro-4-benzyldi- 
methylammonium-1-benzoquinone, O:C,H,(NO,)o:N(CHs).°C,H, (or 
betaine formula): 
0°1046 gave 0°2166 CO, and 0°0405 H,O. C=56°47; H'=4°30. 
00998 ,, 11°75 cc. Ny (moist) at 18° and 753°8 mm. N=13°49. 
C,;H,;0;N, requires C=56°75 ; H=4°76; N=13'25 per cent. 


Ethylation of Benzylisopicramic Acid. 


The ethylation in this case takes place but sluggishly, and it was 
found necessary to dissolve the benzyl derivative in excess of ethyl 
sulphate at a temperature considerably above 100°, and then to 
keep the solution at 100° for about an hour. The excess of ethyl 
sulphate was removed by boiling for some time with dilute hydro- 
chloric acid, then with ammonium chloride, and finally with 
ammonia. The yield is not good, as the main product in this 
case is the quinone-ammonium compound or the isomeric phenolic 
ether. The phenolic portion, extracted by means of dilute sodium 
hydroxide and precipitation by acid, consisted, after crystallisations 
from alcohol, of dark purple needles melting at 96—97°: 

0°0874 gave 10°2 c.c. Nz (moist) at 16°5° and 745°7 mm. N=13°28. 
C,;H,,0;Ns requires N=13°25 per cent. 
The compound is benzylethylisopicramic acid : 


OH 
No,“ NO, 


‘wt 
N(C,H,)°C,H, 


It has all the properties of its lower homologue, and forms a 
sparingly soluble ammonium salt crystallising from hot water in 
bronzy needles. 

The non-phenolic substance formed during the ethylation of 
benzylzsopicramic acid will be submitted to further examination. 
From its mode of formation it might have been expected to be the 
benzyldiethyl-quinone-ammonium derivative, 

O:C,H;(NO,).:N(C.H;).*C,H;. 
The compound is, however, but feebly basic, and dissolves but 
sparingly in hot concentrated hydrochloric acid, the salt thus 
formed being dissociated on diluting the solution with water. The 
base separates in orange scales melting at about 105°. The low 
melting point and the feebly basic character of the compound point 
to the conclusion that it may be the phenolic ether, 
C,H,-O-C,H,(NO,)o°N (CpH,)*C;Hy. 
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Ethylation of Benzylmethylisopicramic Acid. 


The attachment of two different radicles to the nitrogen atom of 
isopicramic acid having been successfully accomplished, the benzyl- 
methyl derivative, being the more readily obtained by the method 
described above, was selected for further alkylation. As the alkyl 
iodides had been found to detach benzyl so readily, ethyl sulphate 
was. made use of, the method employed being as follows: 

Benzylmethylisopicramic acid was dissolved in excess of the 
sulphate, and the solution kept at 100° for three hours. The oily 
product was agitated with warm dilute sodium hydroxide in order 
to remove excess of ethyl sulphate, and the ochreous, crystalline 
residue collected, washed with water, and purified by crystallisation 
from alcohol. After numerous crystallisations a compound of 
constant melting point (132—133°) was obtained, the analyses at 
various stages of purification indicating that a substance of the 
expected composition had been isolated : 

0°1024 gave 0°2152 CO, and 0°0462 H,O. C=57°31; H=5°02. 

0°1014 ,, 11°4.c.c. N, (moist) at 18° and 759°2 mm. N=12°97. 

0°1380 ,, 15°25 c.c. N, (moist) at 17°5° and 760°5 mm. 

N=12°80. 

C,,H,,0;N3 requires C=57'97; H=5°17; N=12°69 per cent. 

The compound crystallises in large, amber-coloured scales, and, 

since it was prepared by precisely the same method as that which 
with methyi sulphate gives a quinone-ammonium derivative, it was 
at first supposed that we had in hand a substance of the same 
type. <A detailed study of the properties of the new compound has 
led, however, to the conclusion that it may be the phenolic 
ether (2:6-dinitro-4-benzylmethylaminophenetole) : 


% 

N(CH,)°C,H, 

This conclusjon is based on the facts (1) that the compound has 

a comparatively low melting point as compared with the true 
quinone-ammonium derivatives, (2) that it is practically devoid of 
basic properties, and (3) that it is freely soluble in boiling alcohol 
and almost insoluble in boiling water. In support of this conclu- 
sion we have found that the substance loses its ethyl group on 
being heated with concentrated sulphuric acid diluted with about 
an equal volume of water, the product of this decomposition being 
benzylmethylisopicramic acid (m. p. 111—112°). The correspond- 
ing benzyldimethyl derivative (p. 1484) cannot be demethylated by 
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this method, and has all the properties of a true quinone-ammonium 
compound. This process of de-alkylation promises to be a con- 
venient one for distinguishing between the two classes of deriv- 
atives. The results generally indicate the necessity for a more 
comprehensive and comparative study of the products of alkylation 
of the aminophenols and their derivatives under various condi- 
tions, and the research is being continued in this direction. 


We desire, in conclusion, to express our indebtedness to the 
Government Grant Committee of the Royal Society for a grant 
which has contributed towards the cost of the present instalment 
of the research. 
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CXL.—The Interaction Between Nitric Acid and 
Brucine in the Presence of Metallic Nitrates. 


By Epwarp Henry ReEnniz and ALFrreD Ernest DAawKINs. 


Ir has been shown (T., 1908, 98, 1162; 1911, 99, 1035) that the 
interaction between nitric acid and copper is, under certain con- 
ditions, greatly accelerated (or retarded) by the addition of metallic 
nitrates. It therefore occurred to one of us to try whether similar 
effects could be produced in a totally different kind of reaction, in 
which nitric acid is concerned, and a colour reaction such as that 
between nitric acid and brucine suggested itself. 

In support of Winkler’s statement that nitrous acid is the 
active agent (compare Winkler, Chem. Zett., 1901, 25, 586; Zettsch. 
angew. Chem., 1902, 15, 170; Lunge, ibid., 1902, 15, 1, 241), we 
have found that if carbamide is added to nitric acid in such 
quantity as to leave a quantity of free acid of about 1°6 normal 
(a strength sufficient under the conditions of our experiments to 
produce an almost immediate coloration with brucine), there is no 
reaction whatever in several hours, and, further, that if air is 
blown through the acid for some time before adding the brucine, 
no reaction occurs in half an hour. The interaction therefore is, 
like that between the acid and copper, apparently conditioned by 
the presence of nitrous acid. The experiments described below 
were then made to ascertain the effect of adding metallic nitrates. 
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Method of Experiment. 


In carrying out the work, it was obviously necessary to use acid 
of such a strength that the pink colour characteristic of the inter- 
action should appear gradually and at a rate susceptible of more 
or less accurate measurement. The amount of brucine was there- 
fore kept constant. The strength of the acid was varied until an 
acid was obtained which at the temperature existing at the time 
gave a faint but distinct pink colour in seven or eight minutes. 
Such an acid was about 1°45 normal, and was made up from the 
“commercially pure” article. The brucine solution contained 
0°0075 gram of brucine nitrate per c.c., and 2 c.c. of this were used 
for each experiment. The experiments were conducted in Nessler 
glasses about 15 cm. long and 2 cm. in diameter. These were 
placed on a glass platform, supported a little above a white porce- 
lain plate. Two c.c. of the brucine solution were run from a 
burette into the cylinder, and 20 c.c. of nitric acid run from 
another burette into a test-tube. The two solutions were then 
mixed, the time noted, and the mixture poured backwards and 
forwards between test-tube and cylinder, so as to ensure thorough 
mixture. After its first appearance, the colour gradually deepens 
and changes tint, passing from rose-pink through deeper shades of 
pink and orange-brown. 

As a standard of comparison of invariable tint, a dilute solution 
of cobalt nitrate was employed, the colour of which coincides 
exactly with the colour given by the brucine and nitric acid at a 
certain stage of the reaction. Such a solution was therefore pre- 
pared and kept as a standard, and the times required for each 
mixture to develop the standard colour were noted. It was found, 
however, that the rate of the reaction was greatly influenced by 
temperature. For instance, 20 c.c. of normal acid mixed with 
2 c.c. of the standard brucine solution at 31° gave the standard 
colour in three minutes forty seconds, at 39°5° in one minute, and 
at 55° instantaneously. Further, it became evident, on further 
trials, that the rapidity of the reaction was increased by previous 
exposure of the acid to light. For example, a specimen of acid 
which had been kept in the dark for some time gave the standard 
colour at the ordinary temperature at the time in from sixteen 
to seventeen minutes. After two days’ exposure to light it gave 
the same colour in seven and a-half minutes, and by the eighth day 
the time was reduced to about six minutes, the temperature being 
about the same for the whole period. This is not surprising, con- 
sidering the known effect of light on nitric acid and its tendency 
to produce nitrous acid. It was therefore necessary to standardise 
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the nitric acid every time comparative readings were to be taken, 
and in order to keep the acid as constant as possible it was kept 
in the dark when not in use. 

In the following experiments, a 1°44N-solution of nitric acid 
was employed, and the nitrates used were those of sodium, 
potassium, cesium, rubidium, and strontium, all of which were care- 
fully purified in the same manner as those used in the copper ex- 
periments above referred to (Joc. cit.). The salts were accurately 
weighed out in fractions of their equivalent weights, and dissolved 
in 100 c.c. of the nitric acid. The new volume was observed (it 
was always greater than 100 c.c.), and one-fifth of this volume was 
mixed with 2 c.c. of the standard brucine solution, and the time 
required for the development of the standard colour noted. 

In the tables which follow, the first column indicates the fraction 
of the equivalent in grams of the nitrate added, the second the 
times in minutes and seconds required for the production of the 
standard colour with the acid only, the third the times for acid 
plus nitrate, and the fourth the approximate percentage reduction 
in time due to the addition of nitrate. 


Experiments with Sodium Nitrate. 


Fraction of Time with acid Time with acid Percentage 
equivalent. only. plus nitrate. reduction. 
7.40 
0-005 9.40 7-40 
10 7-35 22 
7-45 
Mean 9.50 7.40 
Mean 7-40 
3-20 
8.20 3-22 
3-10 
0-01 8.35 3.40 58 
7.40 3.45 ; 
Mean 8.12 Mean 3.27 
1.15 
8.20 2.10 
1.50 
0-02 8.35 1.43 79 
7.40 1.45 
Mean 8.12 Mean 1.45 


In the subsequent tables, to save space, only the average times 
are given, it being understood that in all cases the average is 
deduced from several experiments which agree among themselves 
as well as, and in some cases better than, those with sodium nitrate. 


1490 THE INTERACTION BETWEEN NITRIC ACID AND BRUCINE, ETC. 


Caesium Nitrate. 


Fraction of Average time Average time with Percentage 
equivalent. with acid only. acid plus nitrate. reduction. 
0-005 5.52 4.32 23 
0-01 6.12 4.6 34 


Rubidium Nitrate. 


0-005 12-25 10.45 13 
0-01 12.25 6-13 50 
0-02 12.25 3°51 69 


Potassium Nitrate. 


0-005 16.20 13.13 19 
0-01 16.20 11.23 30 
0-02 16.20 7-25 55 


Strontium Nitrate. 


0-005 17.0 8.52 48 
0-01 15.36 7.43 50 
0-02 15.36 3.56 75 


The great variations in the times for nitric acid only are due 
to the fact that these experiments had to be carried out at irregular 
intervals extending over several months, during which time the 
temperature varied greatly. Obviously, it would not be very easy 
to devise a satisfactory apparatus for carrying on experiments of 
this kind at constant temperature. 

No retarding effects have been observed such as were obtained 
in the experiments (loc. cit.) with copper and nitric acid, but in 
that case it was shown that the same nitrate might either retard 
or accelerate, according to temperature and concentration. 


Summary. 


(1) The reaction between nitric acid and brucine is apparently 
conditioned by the presence of nitrous acid. 

(2) It has been found possible by a colorimetric method to show 
that the reaction can be accelerated by the addition of metallic 
nitrates, and that the effect increases with increasing concentration. 

(3) The general results are similar to those obtained in experi- 
ments on the interaction of nitric acid and copper, but no retard- 
ing effects have been observed as were observed in the copper 
experiments. 


THE UNIVERSITY, ADELAIDE. 


THE REACTIVITY OF ANTIMONY HALOIDS, ETC. 1491 


CXLL—The Reactivity of Antimony Haloids with 
Certain Aromatic Compounds. Part I. 


By ERNEST VANSTONE. 


In a recent paper (T., 1913, 108, 1826) the thermal diagrams of 
some binary systems of the types Ph.a.a.Ph and Ph.a.f.Ph 
were described. 

In the fifteen compounds chosen for investigation, a and 8 repre- 
sented the following atoms and groups: CH,, -CH, Ci, CO, 
CH(OH), O, CS, N, NH; with the exception of the first, each 
possesses residual affinity, and each compound (except s-diphenyl- 
ethane) is an example of a compound containing conjugated link- 
ings, in which the residual affinity of the unsaturated atoms or 
groups, a and 8, is conjugated with that of the phenyl groups. 

An investigation of the co-ordinative compounds which these 
substances form with antimony haloids would consequently be likely 
to yield interesting results, and might show the effect of the con- 
jugation of the residual affinity on the reactivity of the phenyl 
group. 

It is, in fact, a method of treating the problem of the relation- 
ship between residual affinity and chemical constitution. 

Since 1903, B. N. Menschutkin has investigated a large number 
of mixtures of the haloids of calcium, magnesium, aluminium, and 
antimony with organic compounds, but in no case have the investi- 
gations included compounds of the type mentioned above. 

I communicated with Professor Menschutkin, and he readily 
assented to my undertaking the work. 

The present paper deals with the investigation (by the method 
of thermal analysis) of the eight systems obtained from antimony 
trichloride and tribromide, and the four symmetrical compounds: 
s-diphenylethane, CH,Ph°CH,Ph; stilbene, CHPh:CHPh; azo- 
benzene, NPh:NPh; and benzil, COPh:COPh. 


EXPERIMENTAL. 
The System: Antimony Trichloride-s-Diphenylethane. 


The freezing points of mixtures of these two substances were 
determined in the manner described in former papers (loc. cit.). 
The temperatures found have been plotted as ordinates against 
molecular percentages as abscisse in the diagram below (Fig. 1). 

The temperatures and concentrations are given in table I. The 
diagram consists of four branches, showing the existence of two 
stable compounds having the compositions 4SbCl;,C,,H,, and 
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28bC1,,C,,H,,. The former melts at 77°5°, and the latter at 76°0°; 
both these temperatures are above the melting points of the con- 
stituents. The diagram also shows two eutectic points at concentra- 
tions represented by 93°4 and 24 per cent. of antimony trichloride, 
and temperatures 66°4° and 43°3° respectively. ' 

It is seen, also, that the compound 4SbC1,,C,,H,, undergoes trans- 
formation into 2SbC1;,C,,H,, at a concentration of 72 per cent. of 
antimony trichloride and 74°2°. 


The System: Antimony Tribromide-s-Diphenylethane. 


The thermal diagram (Fig. 2) obtained for this system consists 
of three branches, showing the formation of one stable compound 


Fig. 1. 
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having the composition 4SbBr3,C,,H,,, which melts at 87°, 8° 
below the melting point of the tribromide. 

Eutectic points were found at concentrations 89 and 27 per cent. 
of antimony tribromide, and temperatures 84°3° and 42°8° re- 
spectively. 

Only one type of compound is formed in this system, so that 
s-diphenylethane combines less readily with the tribromide than 
with the trichloride. 

The temperatures and concentrations for the various mixtures 
are given in table IT. 
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TABLE I. 
Mols. of 
SbCl, per 100. t. to. 
100-0 73-0° — 
98-14 71-2 — 
95-03 68-1 66-4° 
91-10 69-4 66-4 
86-11 74-6 66-4 
83-60 76-5 — 
80-96 77-3 — 
78-71 77-2 — 
74-00 75-9 74-2 
73-83 74-2 — 
71-25 74-7 74-2 
67-01 76-0 = 
65-90 75-6 — 
57-45 72-9 -- 
53-70 71-4 — 
47-12 66-4 43-3 
38-29 59-7 43-3 
32-10 51-8 43-3 
23-85 43-3 43-3 
9-66 48-9 43-3 
0-0 51-5 — 


| In the above table, and in those that follow, ¢, represents the 
first freezing point and ¢, the temperature at which solidification 
is complete. 
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TABLE II 
Mols. of 

SbBr, per 100. 6, t5. 

100-0 94-9° — 
89-74 85-1 84-3° 
85-00 85-6 84-3 

78-84 87-1 —- 

70-00 84-3 —- 

60-42 79-0 _ 
52:58 72-2 42-8 
44-88 63-3 42-8 
43-09 61-8 42-8 
36-10 53-0 42-8 
27-00 43-2 42-8 
13-96 46-6 42-8 

3-74 50-5 — 

0-0 51-5 _ 


The Influence of the Number and Position of Phenyl Groups on 
the Reactivity of Hydrocarbons with Antimony Haloids. 


A comparison of the above systems with those of other hydro- 
carbons hitherto investigated by Menschutkin (J. Russ. Phys. 
Chem. Soc., 1911, 43, 1805) leads to interesting results. It will 
be seen from table III below, comparing the systems with benzene, 
s-diphenylethane, and triphenylmethane, having one, two, and three 
phenyl groups respectively, that increasing the number of phenyl 
groups diminishes the reactivity or capacity to combine with 
antimony haloids thus: benzene forms the compounds 2SbCI,,C,H, 
and 2SbBr,,C;H,, both being stable; diphenyl also combines with 
2SbCl, and 2SbBrs, but the compound with the tribromide is un- 
stable; with triphenylmethane, the compound with antimony 
trichloride is unstable, and no combination takes place with the 
tribromide. 

Comparing, now, diphenyl, diphenylmethane, and_s-dipheny]l- 
ethane, it is found that the influence of the second phenyl group, in 
diminishing the reactivity, is decreased the further it is removed 
from the first; thus, as already stated, diphenyl forms a stable 
compound with 2SbCl,, but the compound with 2SbBr, is unstable, 
whereas with diphenylmethane both compounds are stable, and, 
lastly, with s-diphenylethane the influence of the second phenyl 
group has almost disappeared, since it is capable of combining with 
four molecular proportions of the antimony haloids to form stable 
compounds. 

That the influence of the second phenyl group has not entirely 
disappeared can be seen by comparing its reactivity towards anti- 
mony haloids with that of toluene. 

Toluene forms two stable compounds, both with the trichloride 
and the tribromide, of the type 2SbX,,C;H, and SbX,,C-H,, 
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s-diphenylethane forms two stable compounds with the trichloride 
having the formule 4SbC1;,C,,H,, and 28bCl,,C,,H,,, thus 
behaving as if it were composed of two molecules of toluene; but it 
is only capable of forming one compound with antimony tribromide, 
namely, 4SbBr,,C,,H,,, whereas toluene forms two compounds. 


TaB_LeE III. 
Compounds Compounds 
Hydrocarbon. with SbCl,. Nature. with SbBr,. Nature. 

HGRZENG ...00c0000500 2SbCl,,C,H, Stable 2SbBr,,C,H, Stable 
TOIMOMO avcccrcaecves 2SbCl1,,C,-H, \ Stable 2SbBr,,C-Hs \ Stable 

SbCL,,C,H, { Stable SbBr,,C,-H, jf Stable 
Diphenyl ............ 2SbCL,,C,.H,y Stable 2SbBr,,C,.H,, Unstable 
Triphenylmethane 2SbC1,,C,,H,, Unstable None 
Diphenylmethane . 2SbC1,,C\,;H,, Stable 2SbBr,,C,,H,. Stable 
s-Diphenylethane . 4SbC1,,C,,H,, Stable 4SbBr.,C,,H,, Stable 


28bCl.,,C,,H,, Stable ite 


It is seen from the above that the series benzene, diphenyl, tri- 
phenylmethane are in decreasing order of reactivity towards 
antimony haloids, whilst the series diphenyl, diphenylmethane, 
s-diphenylethane are in increasing order of reactivity. 

This is in agreement with the results of the examination of the 
optical properties (Perkin, T., 1895, 69, 1152; Smedley, T., 1908, 
93, 372; 1909, 95, 230; 1910, 97, 1475). 

The molecular refractive power is exalted when the number of 
phenyl groups is increased, but the exaltation falls when the phenyl 
groups are separated. It is to be observed that s-diphenylethane 
has practically the normal value for the molecular refractive power. 
The values are given in the table below. 


TaBLe LV. 
Hydrocarbon. M, observed. M, calculated. Difference 
TE So vic cicicnsncmadsnnatindieieaacumaes 25-93 26-31 —0-38 
EEE | saccccducdpavesnesmamsnscontacsnes 30-79 30-89 —0-10 
CEGE casesnsancrccscccesscesscasessens 51-93 50-42 +-0-51 
Triphenylmethane ...............s+000 79-57 79-11 + 0-46 
Diphenylmethane .............sseseeee 55-13 55-00 --0-13 
8-Diphenylethane . .....ssiseccccccsceees 59-60 59-64 — 0-04 


The System: Antimony Trichloride—Stilbene. 


This system, and the others that follow, proved far more difficult 
to investigate than those with s-diphenylethane. 1t was found that 
stilbene combined with two molecular proportions of antimony 
trichloride, but the compound was very difficult to obtain. The 
fused mixtures could be supercooled greatly, and many of them 
were viscous liquids at room temperature, crystallising with extreme 
slowness on seeding with some of the compound. The freezing 
points given in table V were obtained by fusing the freshly-made 

5 E 2 
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mixtures and cooling rapidly in the air. The diagram (Fig. 3) 
shows that the compound has the composition 2SbCl,,C,,H,.; the 


substance melts at 98°. 


Eutectic points are shown at concentrations 80 and 55 per cent. 
of antimony trichloride, and temperatures 47° and 75°5° respec- 
tively. It is concluded that stilbene only enters into feeble union 
with antimony trichloride, and that it is possible to obtain a 
diagram consisting of two branches only, intersecting in a eutectic 
point at a low temperature, and showing no chemical combination. 


Fic. 3 
125° = | T T | — 
| Pe iP al 
115° Antimo ¥ Urichloride be Stil ene } 4 - } 
| | * 
] 05 © | YS | 
~ — SS ee Brecesnnensesenns T | Fai | + 
2 SUC, CHAR:CHPR| A | 
95° —— a a | t 
XX] J | 
\ | | 
| 
85° \\ WA | | 
\ A | 
75° / io “ha —— ai 
‘ | | 
65°- | | | 
| | 
55° 
| 
45°, b Mos. of S&Ll; rere 
90 50 70 60 50 40 30 20 10 0 
TABLE V 
Mols. of 
SbCl, per 100. t. Remarks. 
100-0 73-0° — 
90-0 65-2 Seeded with SbCl, 
80-0 46-4 Seeded with SbCl, 
70-0 Cooled to 15° with ‘out solidification 
70-0 93-4 Rapidly cooled in air; solid 
used for seeding 
70-0 96-3 Cooled in air and seeded 
75-0 83-8 tees 
67-98 97-3 sides 
66-6 97-3 — 
60-00 88-5 ans 
58-58 83-8 Complete at 75° 
50-00 80-7 Second f. p. at 75-5° 
32-46 100-5 Second f. p. at 76° 
0-0 125-0 . — 
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The System: Antimony Tribromide—Stilbene. 


This system presented the same difficulties as the preceding. 
Mixtures containing excess of stilbene solidified readily. At a con- 
centration of 41 per cent of antimony tribromide the eutectic point 
on the right-hand side of the diagram (Fig. 4) was reached; the 
temperature corresponding was 90°. 

On increasing the amount of antimony tribromide, the freezing 
points rose. The mixtures containing 50 and 60 per cent. of 
antimony tribromide gave freezing points on cooling rapidly in air 


Fic. 4. 
125° ‘om 
| | | 
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115° | Ant mony tribromid —_ Stibbene 
| | 
| 
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aa \ A 3 | 
63° | + de re — — = ee 
| | . | tf} | 
| | \ | ry | 


| 
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| 
| 
T 
! |_| | 
h | | | | 
roe | Mots. lef SbBe her fo | on 
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90 80 70 60 50 40 30 20 10 


at 94° and 101° respectively. Other mixtures containing excess of 
antimony tribromide, namely, 30, 20, and 10 per cent., only gave 
freezing points when inoculated with antimony tribromide. The 
diagram (Fig. 4) thus shows that a compound is formed in the 
presence of excess of stilbene, but the maximum point was not 
obtained. There is again a tendency to give a diagram showing a 
single eutectic point at a low temperature. It is probable that the 
unstable compound has the composition 2SbCl,,C,,Hjp. 
The temperatures and concentrations are given in table VI. 
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TABLE VI. 


Mols. of 
SbBr, per 100. t. Remarks. 
100-0 94-9 — 
90-03 89-5 — 
80-00 81-7 _— 
79-20 81-0 — 
70-03 69-0 — 
70-00 62-0 Slow crystallisation seeded with 
SbBr, 
60-00 101 — 
58-40 102 , — 
51-18 94-3 Second f. p. at 90° 
40-69 90-0 Complete solidification 
34:02 100-0 
30-28 104-5 —_ 
21-36 112-0 — 
10-04 120-0 _- 
0-0 125-0 — 


The System: Antimony Trichloride—A zobenzene. 


The freezing points of mixtures of these two substances were 
readily obtained, provided the fusions were seeded with the correct 


Fic. 5. 


Mols. of SbCl, per 100. 


99 80 70 60 50 40 30 20 10 0 
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phase. The diagram (Fig. 5) shows the existence of a stable com- 
pound having the composition 4S8bCl,,C),H;)N,. It consists of 
three branches; the middle branch shows the existence of a stable 
compound having the composition 4SbCl],,C,,H,)N., and melting at 
81°. 

This portion of the diagram, however, could not be obtained 
unless the corresponding mixtures were seeded with some of the 
compound previously prepared. 

Eutectic points occur at concentrations 95 and 44 per cent. of 
antimony trichloride, and temperatures 66° and 50°5° respectively. 
The concentrations and corresponding temperatures are given in 


table VII. 


TABLE VII. 
Mols. of 
SbCl, per 100. t, ‘ 
100-0 73:0° pe 
95-00 65-6 << 
92-00 71-8 ae 
89-93 74-2 om 
85-00 79-5 a 
83-63 80-0 ee 
80-00 80-7 a 
75-01 78:3 deine 
69-67 76-1 — 
59-97 65-4 — 
50-16 59-2 — 
40-09 50-5 50-5 
29-93 54-8 — 
19-94 59-2 — 
9-98 63-1 — 
0-0 68-0 — 


The System: Antimony Tribromide—A zobenzene. 


This system presented no great difficulty after the experience 
gained with the preceding. The compound separated out readily 


Fic. 6. 
Mols. of SbBrz per 100. 
90 80 70 60 50 40 30 20 10 0 
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on seeding with a little of the previously prepared substance. 
Table VIII shows the concentrations and temperatures of solidifica- 
tion. The thermal diagram (Fig. 6) is of special interest. It 
consists of three branches, but the middle portion does not show a 
maximum point. The compound decomposes before its melting 
point is reached. 

A mixture containing 80°0 per cent. of antimony tribromide 
showed a longer arrest at the eutectic point, 72°5°, than a mixture 
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containing 75 per cent. of antimony tribromide, so that the com- 


position of the compound is known to be 4SbBr3,Cj.Hj No. 


Eutectic points occur at temperatures 72°5° and 52°7°, and con- 
centrations 77°5 and 40°5 per cent. of antimony tribromide 


respectively. 
Taste VIII. 
Mols. SbBr, per 100. t,. Remarks. 
100-0 95-0° 
91-08 85-6 
80-00 73-4 Seeded with SbBr, 
_ 72:4 Seeded with compound ; complete solidification 
75-00 72-2 
70-00 71-2 
60-00 66-7 
0-00 60-2 
42-69 52-9 
32-79 55-4 Second f. p. at 52-8° 
15-66 61-9 
7-39 64-2 
0-0 68-0 
Fic. 7 
95° | i - 7 
a 
85° -——+—_—1— na 
| Pin 
Anti mony trichloride — |Benzil 
15° | — | ieee: ae Seer 
' ‘a 
65 _ — — | — VA 
} 
N | oe 
44) —}. i. 
\ P 
15 b \ = f = 
, ‘a / 
Or 4 | | 
“ws iz r 
\ | 
1 | 4 
15° : | Mols. lof StELs fer (a0. 
90 80 70 60 50 40 30 20 10 0 


The Systems: Antimony Trichloride—Benzil and Antimony 


The thermal diagrams (Figs. 7 and 8) obtained for these systems 
show that benzil has no capacity for combination with antimony 
haloids. Each diagram consists of two branches, meeting in a 
eutectic point. 


Tribromide—Benzil. 
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The slope of the curves for the system antimony trichloride- 
benzil is very steep, and the eutectic temperature is consequently 
very low. It was not found possible to determine this temperature. 
The mixture containing 40 per cent. of antimony trichloride could 
be enormously supercooled. At the temperature of solid carbon 
dioxide and ether it formed a hard, vitreous mass, but did not 
crystallise ; it behaved similarly on cooling in liquid air. 


Fic. 8. 
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The eutectic temperature for the system antimony tribromide- 
benzil is at 36°, the concentration being 58°5 per cent. of antimony 
tribromide. 

The temperatures and concentrations for these systems are given 
in tables 1X and X. 


TABLE IX. 
Mols. of 
SbCl, per 100. t. 

100-0 73-0° 
96-45 68-5 
90-47 61-0 
84-62 51-0 
78-24 37-0 

70-00 * 
40-00 54-0 
48-26 31-0 
30-59 69-4 
16-81 84-0 
0-0 94-0 


* This mixture—70°0 per cent.—did not solidify in liquid air. 
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TABLE X. 
Mols. of 
SbBr, per 100. t. bo. 

‘ 100-0 95-0° — 
93-10 86-1 — 
75-59 64-6 — 
66-35 48-0 36-2° 
55-89 41-6 — 
53-35 44-] — 
37-77 66-3 — 
27-40 76-0 — 
13-28 86-1 = 

0-0 94-0 a 


Discussion of Results. 


The systems described above show quite clearly that with com- 
pounds containing conjugated linkings the reactivity towards 
antimony haloids is greatly diminished. The effect of the conjuga- 
tion appears to be greatest with benzil, the compound containing 
two carbonyl groups conjugated with the phenyl groups, since it 
does not show any capacity to combine with antimony trichloride 
and tribromide. 

Next in order comes stilbene, which contains an ethenoid link- 
ing conjugated with the phenyl groups. It is only capable of com- 
bining with two molecules of the antimony haloids, and the com- 
pounds formed are unstable. 

With azobenzene, the influence of conjugation is plainly evident, 
but the reactivity is not diminished to so great an extent as with 
stilbene and benzil. It is capable of combining with four molecules 
of antimony trichloride and tribromide, but with the latter the 
compound decomposes before the melting point is reached. 

With s-diphenylethane there is no conjugation outside the phenyl 
groups, and the reactivity is very great, two compounds being 
formed with the trichloride and one with the tribromide, all three 
being stable. 

The compounds and melting points are tabulated below. 


Compound. Nature. Melting Point. 
GA igs escesececscceess Stable 77-5° 
2SbC1,,C,,H, 4 Seer eereereeses ” 76-0 
4BDBr,,C, Hyg -..cccccccccceee “ 87-0 
4SbCI,,C,.H,,N. eC eeerecereceee 9 81-0 
4SDBry,, CoH No «....eeeeeeee Decomposes 72-4 
ZSbC1,,C, .H jo... .0cceccccccceee Unstable 98-0 
ZSDBr5,CysHig --cccccccccccees i Not reached. 


It is of interest to compare the optical properties of the sub- 
stances s-diphenylethane, stilbene, azobenzene, and benzil in order 
to see how far they agree with the results of the present work. 
The molecular refractive powers of these substances have been 
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determined by different observers, using different solvents, so that 
the values given in the table below are not strictly comparable: 


Compound. Ma observed. Ma calculated. | A 
8-Diphenylethane ..........ccceecceeeee 59-60 59-64 — 0-04 
TD oc dsvidinciincutenasshswaesanss 63-91 58-42 5-49 
WII. dtecesccscssacussanardsecsncusans 65-65 59-20 6-45 
EE d.ccdcasusecsewindesesieccoteeendess 63-48 61-33 2-14 


It will be noticed that the optical exaltation for stilbene is 
very large, and greater than that for azobenzene. This is in agree- 
ment with its smaller reactivity with antimony haloids. 

The lower exaltation of benzil has been discussed by Smedley 
(loc. cit.). The proximity of the oxygen atoms in the contiguous 
carbonyl groups probably lowers the exaltation. There is some 
evidence, also, that the substance can oscillate between the diketonic 
and peroxidic constitution. 

s-Diphenylethane is optically normal, and this is in agreement 
with its great reactivity with antimony haloids. 

The effect of increasing the number of carbonyl groups can be 
seen by comparing diphenyl, benzophenone, and benzil : 


Compound Compound 

with SbCl.. with SbBr,. Exaltation. 
Diphenyl ......... 2SbC1,.C,.H,, 28SbBr,,C,.H yo +0°51 
Benzophenone ... SbCl;,C,,;H,,O SbBr,,C,,H,,O. +0-98 
Benzil ........ ...- Nocompound No compound +2-14 


The introduction of one carbonyl group between the phenyl 
groups in diphenyl lowers its reactivity with antimony haloids by 
ene-half, since diphenyl combines with two molecules of the haloids 
and benzophenone with only one. It is seen that the exaltation of 
molecular refractive power for benzophenone is double that for 
diphenyl. 

When a second carbonyl group is introduced, as in benzil, the 
exaltation is again doubled, and the reactivity with antimony 
haloids has practically vanished. 

The investigation by thermal analysis of systems with antimony 
haloids thus provides a useful method of tracing the conjugation of 
the residual affinity of the unsaturated atoms and groups CH:, 
N:, CO with the phenyl groups in compounds of the type 
Ph.a.a. Ph. 
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CXLI.— Reactions by Trituration 
By Lestiz Henry PARKER. 


Tue fact that mechanical force of a certain nature was capable of 
bringing about chemical decomposition was noticed by Carey Lea 
in the case of silver haloids (Phil. Mag., 1891, [v], 34, 46), and 
the same fact was demonstrated by him later in the case of many 
other compounds of an endothermic nature (Phil. Mag., 1892, [v], 
36, 351; 1893, [v], 37, 31, 470). He showed that shearing stress, 
applied by hand trituration in a mortar, was more efficient than 
simple pressure of enormous magnitude, or even than heat itself. 

His explanation of these observations was the supposition that 
the shearing stress was capable of bringing about “disruption of 
the molecule,” presumably by causing increase of the amplitude of 
the atomic vibrations. He confined himself, however, almost 
entirely to the study of single compounds; and it seemed likely 
that if his explanation was correct, it should be possible to bring 
about reactions between substances, presumably in the solid state, 
by means of shearing stress. 

The only indication of this nature, however, which Carey Lea 
gives concerns potassium chlorate, which was not affected when 
ground alone; in the presence of silver nitrate, however, he affirms 
the formation of a certain amount of silver chloride, a result ex- 
plainable by assuming the initial decomposition under the pestle 
of the potassium chlorate, the shearing stress then bringing about 
double decomposition between the potassium chloride and the 
silver nitrate. 

Reactions between solids have been investigated by other workers, 
notably Spring (Bull. Soc. chim., 1885, [ii], 44, 166; 1886, [ii], 
46, 299) and Perman (Chem. News, 1903, 88, 197; 1907, 96, 3). 
Spring studied the reaction : 

BaCO, + Na,SO, Na,CO, + BaSO,, 
determining the amount of change, in either sense, under about 
6,000 atmospheres’ pressure, by subsequent analysis. 

Perman, on the other hand, investigated double decompositions 
between salts by colour changes on simple mixing. 

If, therefore, simple pressure is capable of bringing about re- 
actions between salts, and shearing stress is more efficient in dis- 
rupting the molecule than simple pressure, it should be easy to 
bring about reactions by trituration. 

The investigation was complicated, as Perman found, by ex- 
traneous factors. The salts must be made and kept thoroughly 
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dry to eliminate the effects of the mutual action of the salts due 


to solution. Moreover, the effect of the vapour-pressure of the 
salts must be reduced to a minimum, the vapour of one salt being 
quite capable of reacting with the other. 

The author confirms Perman’s observation that dried salts can, 
in general, be left in contact in a dry atmosphere without any 
apparent reaction taking place, but on grinding them together it 
is often possible to cause mutual action. 

The author has investigated the interaction of the following salt 
pairs. 

Mercuric Chloride and Potassium Iodide. 


If these salts are just shaken together in ordinary circumstances, 
a red colour of mercuric iodide is apparent in a few moments. 

Specimens of the salts were dried some hours at 120°, and placed 
carefully in a clean mortar without mixing. The whole was then 
left in_a desiccator over phosphoric oxide for three 
weeks. On mixing the salts by shaking the desic- Fie. 1. 
cator, the red colour gradually developed, but not { 
so quickly as before. In both cases the red colour 
appeared instantaneously on grinding the salts. / 

An interesting experiment showing the relative 
vapour-pressures of the salts was performed in the 
following manner. 

The salts were separated in an apparatus of soft 
glass, shown in Fig. 1, by a partition pressed in the 


bottom. The tube was then exhausted, sealed off at 
the top, and the whole was then immersed in water S 


at 100°. A red colour was visible on the potassium 

iodide in fifteen minutes. At the ordinary tem- 

perature a faint colour was apparent in twenty- {| HaCt 
four hours. After remaining for ten months at 

the ordinary temperature, what was originally the potassium 
iodide was a red mass, but there was not the faintest colour 
on the mercuric chloride or on the sides of the vessel, showing 
that, as one would expect, the vapour-pressure of the potassium 
iodide must be inappreciable. This was also the case even at 100°. 
The effect of the volatility of the mercuric chloride is here, then, 
so appreciable as to render the reaction between mercuric chloride 
and potassium iodide under shearing stress inconclusive; but in 
view of the fact that Perman has shown that the vapour of mercuric 
chloride does not react with potassium iodide when thoroughly 
dried by specially purified phosphoric oxide (loc. cit.), the salts 
were thoroughly dried and ground as follows. 

The potassium iodide received a preliminary drying by being 


ee 


1506 PARKER: REACTIONS BY TRITURATION. 


fused for one hour in a porcelain crucible in the open air. A 
‘small quantity was then enclosed in the bulb at the lower end of 
the apparatus shown in Fig. 2. The apparatus was made of hard 
glass, and the bulb was connected to the wider portion by a thick 
capillary tube. In this wider portion was placed a small quantity 
of specially distilled phosphoric oxide, resting on a small plug of 
asbestos. The apparatus was then partly exhausted through the 

side-tube, and sealed off. 
The bulb was then heated over an Argand burner so that the 
potassium iodide was just fused, and kept so 


Fico. 2. for three days. At the end of that time the 
bulb was sealed off at A. 
/\ The mercuric chloride received a prelimin- 


ary drying by being volatilised two or three 
times up and down a previously dried tube 
y——— in a current of air dried first by passage 
through sulphuric acid, and then over speci- 
ally distilled phosphoric oxide. A_ small 
quantity of it was then transferred to the 
bulb in the apparatus as above, the tube 
was exhausted, and the salt heated just to 

ey the volatilisation point for three days, after 
ASBESTOS— . which the bulb was sealed off as before. The 
bulbs were then heated in an electric oven 
to 200° for several hours, and immediately 
placed in a specially constructed desiccator, 
as shown in Fig. 3. 

Phosphoric oxide is placed in the usual 
reservoir. The mortar, A, is fixed in the iron 
collar, B. Through the tubulure in the lid 
passes the pestle, (, which is mounted on a 
wider portion, DV, serving as the handle. 
This is bound on to the tubulure by a length of tightly fitting 
rubber tubing, #, which allows a certain amount of play of 
the pestle. The rubber and the joints were coated with a flexible 
varnish; the mortar and the iron collar were previously heated 
to 200° for several hours, and the end of the pestle in the 
Bunsen flame. The whole was allowed to remain for a week, when 
the bulbs were broken by the pestle, and ground up. The colour 
of mercuric iodide appeared at once. 


\ 


Lead Nitrate and Potassium Todide. 


Specimens of these salts were taken, and, without special dry- 
ing, shaken together in a mortar. No colour appeared in twenty- 
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four hours, but on grinding, the colour of lead iodide was at once 
apparent. The salts were then separated: in the apparatus 
described in Fig. 1, and kept at 100° for many hours, but no colour 
appeared on either. The vapour-pressure of potassium iodide 
having been shown to be inappreciable, that of lead nitrate must 
be the same. 

Specimens of the finely powdered salts were then heated at 
100—130° for two days, and dried in a vacuum over phosphoric 
oxide for seven to eight weeks. They were then quickly trans- 


Fig. 3. 


D 


ee 


ferred to the grinding desiccator, left three days, and ground 
together, when the colour of lead iodide was at once apparent. 

However, Baker and Adlam have shown (T., 1911, 99, 507) that 
occluded water cannot always be drawn out of a crystal by simply 
keeping it in a dry atmosphere, so that more rigorous drying was 
necessary. 

Other specimens of the salts were finely powdered, and heated 
in an oven to 250° for forty-eight hours. They were then taken 
out, ground again in a mortar, and heated to 250° for another 
twenty-four hours. 


‘ 
4 
‘ 
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A specimen of each was then put in the bulb of the apparatus 
in Fig. 2, which was then exhausted and sealed off, and the por- 
tion which is dotted round heated in an air-oven to 250° for one 
week continuously. ‘he bulbs were then sealed off, heated again 
in the oven to 200° for several hours to get off any traces of 
moisture from the outside due to the sealing off, and left in the 
special desiccator for four days. The bulbs were then broken by 
the pestle, and the salts ground together, when the yellow colour 
was visible at once. 


Lead Chloride and Potassium Iodide. 


The potassium iodide received a preliminary drying by fusion 
for one hour in the open air, and was then fused in the bulb as 
before for twenty-four hours. The lead chloride was partly dried 
by heating to 200° for three hours. It was then heated just to 
fusion in the drying apparatus, which was exhausted, for twenty- 
four hours. 

There was some decomposition of the lead chloride, as evinced 
by a little darkening of the substance. The bulbs were sealed 
off, heated to 200° as usual, and left in the special desiccator for 
two weeks. On breaking the bulbs and grinding, a yellow colour 
was visible in a few seconds, appearing in streaks under the pestle. 
On opening the desiccator, the inside of the motar gradually took 
on a yellow tint, where the dust of the two salts, raised by the 
grinding, had settled, the moisture in the atmosphere causing the 
particles to react. 


Potassium Dichromate and Silver Nitrate. 


Both these salts received a preliminary drying by fusion in a 
clean crucible for abort half an hour. A small quantity of each 
salt was then fused in the exhausted drying tube in the presence 
of phosphoric oxide for three days continuously. The bulbs were 
then sealed off, heated, and left in the desiccator for one week. 
The bulbs were too thick to be broken by the pestle, so they were 
taken out, broken, and ground in the open air, when streaks of 
colour appeared where the pestle rubbed. 

This experiment was then repeated in every detail, except that 
the bulbs on the drying tubes were flattened to facilitate breaking 
in the desiccator. ‘The colour change was at once again apparent 
on grinding in the dry atmosphere. 


Copper Sulphate and Potassium Ferrocyanide. 


A small quantity of both these salts was finely powdered and 
heated to 300° for forty-eight hours continuously in a dry oven, 
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being taken out and ground at intervals. The salts were then 
kept in a vacuum over phosphoric oxide for two months. 

A few milligrams of each were then placed in the bulbs of the 
drying tubes, which were exhausted, and heated to just over 300° 
in an air-oven for a week continuously. 

The bulbs were put in the desiccator and left for three days. 
They were again too thick to be broken, so the salts were ground 
in the open air, when streaks of colour appeared at once under 
the pestle. The experiment was then repeated with flattened 
bulbs, and the same result was obtained in the desiccator. The 
mixed salts could apparently be allowed to remain indefinitely in 
the dry atmosphere of the desiccator without the reaction proceed- 
ing any further, the colour only appearing where the pestle had 
pressed. 

Lead Acetate and Potassiwm Dichromate. 


A small quantity of each of these salts was lightly ground one 
with the other in a mortar in the open air. The potassium 
dichromate had received a preliminary drying by fusion, but the 
lead acetate was the ordinary variety, with three molecules of 
water of crystallisation. 

After grinding for a few minutes, a strong odour of acetic acid 
was noticeable, whilst the mass became extremely damp, in fact, 
almost liquid. On remaining, however, it gradually became dry 
once more. At the same time, the yellow colour of lead chromate 
was quite in evidence. 

It was very evident, therefore, that some reaction had taken 
place under the pestle between these two salts, for when either 
potassium dichromate or lead acetate is ground alone, the mass 
remains quite ordinarily dry, and in the case of the lead acetate 
the odour of acetic acid is relatively inappreciable. 

The obvious explanation of this result is, of course, the assump- 
tion of ordinary solution effects during the close contact of the 
two salts, but that this cannot be so is shown by the following 
experiments : 

(a) A concentrated solution of lead acetate, when boiled, gave 
only a faint odour of acetic acid. 

(6) Solutions of the two salts when left together overnight at 
the ordinary temperature gave no odour of acetic acid at all, whilst 
solutions of the salts when boiled together gave a faint odour. 

(c) Crystalline lead acetate melts in its own water of crystallisa- 
tion at about 60°. 

On dropping a crystal of potassium dichromate into this fused 
salt, the crystal remains quite clear and transparent, and there is 
not the faintest indication of the formation of any yellow lead 
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salt, nor is there any odour of acetic acid; even on maintaining 
the two substances at 100° for half an hour no reaction between 
them could be noticed. It was only on heating the lead acetate 
to such a temperature that the fused salt appeared to boil, when 
the water was expelled as steam, that the surface of the crystal 
of potassium dichromate became somewhat dimmed by a lemon- 
yellow colour, showing that reaction was proceeding slowly. 

Therefore, although water is present, it can play no important 
part in the reaction of the salts on grinding, owing, no doubt, to 
the fact that the lead acetate and the potassium dichromate are - 
insufficiently ionised at that concentration. On the other hand, a 
crystal of potassium iodide, when dropped into the fused lead 
acetate, gave the yellow colour of lead iodide at once. 

The next reaction by trituration to be studied was: 

Na,CO,+ BaSO, — Na,SO,+ BaCO,, 
already investigated under simple pressure by Spring and by 
Perman. 

Pure anhydrous sodium carbonate was obtained and dried by 
heating, and the barium sulphate was prepared from the precipita- 
tion of pure barium chloride, and dried by heating in a current 
of dry air. 

The author confirmed the observation of Perman, that from a 
mixture of sodium carbonate and barium sulphate the former 
could be completely dissolved out by water at the ordinary 
temperature, if this were done fairly rapidly, without any inter- 
action of the two salts due to the lixiviation. On washing the 
mixture for about fifteen minutes with several changes of water, 
filtering, and titrating the resulting solution, exactly as much 
sodium carbonate was found as was put into the mixture. 

A mixture of 1:06 grams of anhydrous sodium carbonate and 
2°334 grams of barium sulphate (equivalent quantities) was taken 
as a suitable quantity for investigation. After grinding for 
definite periods, the sodium carbonate was lixiviated out, filtered 
through a specially prepared Gooch crucible, and titrated with 
standard hydrochloric acid solution of slightly more than normal 
strength. 

The lixiviation was continued in each case until further wash- 
ing produced no change of colour in the indicator. 

Sodium carbonate transformed, 


Time of grinding. Per cent. 
5 minutes 1-1 
15 ‘i 1-95 
30 “ 2-8 
In these preliminary experiments, however, the greatest differ- 
ence in the titration amounted to 0°5 c.c. of acid only, which was 
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not sufficiently accurate, so that the method of estimation was 
revised in the following manner. 

It was noticed that about 250 c.c. of water were required for 
the complete washing out of the alkali from the mixture. 
1:06 Grams of sodium carbonate were then dissolved in water, and 
the end-point was found to lie between 182 c.c. and 18°3 c.c. of 
the standard acid. 

A new solution of the same quantity of sodium carbonate was 
then made up, 18:0 c.c. of the standard acid run in, and then the 
titration was finished off by adding 2°5 c.c. of acid of exactly 
one-tenth the strength of the former. The quantity of solution 
was then made up to a definite volume in excess of the 250 c.c. 
of water required as above, and a known amount of indicator 
added. The resulting solution acted as a standard colour for the 
end-point of the titration. 

On washing out any mixture of barium sulphate and sodium 
carbonate which it was desired to estimate, and adding the same 
quantity of indicator as in the standard colour solution, the 
stronger acid was run in to a point somewhat short of complete 
neutralisation. The solution was then diluted to the same volume 
as in the standard colour solution, and the titration finished off 
with the dilute acid until the colour exactly matched that of the 
standard colour solution. In this way the estimation of the alkali 
could be obtained accurately to within 0°25 per cent. By this 
method the following results were obtained, using the same quanti- 
ties of the salts: 


Sodium carbonate transformed. 


Time of grinding. Per cent, 
15 minutes 1-8 
30. (,, 2-4 
60 ,, 4-1 


Halving the quantity of barium sulphate rather reduced the 
efficiency of the grinding: 


Sodium carbonate transformed. 


Time of grinding. Per cent. 
15 minutes 1-6 
30 ss 2-7 
60 ,, 3-3 


Halving the quantities of both salts, however, increased the 
efficiency, as one might expect, the amount of change being in- 
dependent of the amount of substances present, within certain 
limits : 


Sodium carbonate transformed. 


Time of grinding. Per cent. 
15 minutes 4:2 
30 ,, 6-3 


60 ,, 7:8 
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The investigation of the reaction from the other side, namely, 
that between anhydrous sodium sulphate and barium carbonate, 
was complicated by the fact, which Spring showed, that during the 
process of lixiviation equilibrium is set up between the sodium 
sulphate solution and the solid barium carbonate at a much more 
rapid rate than in the case of the sodium carbonate solution and 
the solid barium sulphate. However, it was thought that some 
qualitative result might be obtained from the investigation. 

Barium carbonate was prepared free from alkali by the incom- 
plete precipitation of pure barium chloride solution with sodium 
carbonate, washing it with water to free it from chlorides and any 
possible traces of alkali, and drying by heating in a current of 
dry carbon dioxide. 

The sodium sulphate was recrystallised and dried by heating in 
a current of dry air. 

The next point to be determined was how much change must 
be put down to the process of lixiviation. 

To this end, 1°42 grams of anhydrous sodium sulphate, and 
1°974 grams of barium carbonate (equivalent quantities), were 
lightly mixed in a mortar, and washed by decantation through a 
specially prepared Gooch crucible. The lixiviation was carried out 
as nearly as possible in the same manner and the same time, as 
it was proposed to wash out the ground mixtures of the salts. 

Three such determinations were made, with the following 
results: 

Alkali found. 
Experiment. Per cent. 
1 22-5 
2 22-5 
3 23-0 


Mean of 3 experiments... 22-7 


It appears, therefore, that the mutual action of the salts due to 
the lixiviation can be kept within fairly narrow limits. 

The same quantities of anhydrous sodium sulphate and barium 
carbonate were then ground together for periods of fifteen minutes 
and thirty minutes, and the soluble alkali was estimated. 


Alkali found. Less amount 
Experiment. Time of grinding. Per cent. due to lixiviation. 
l f 15 minutes 33-7 11-0 
(30 5, 37-6 14-9 


15 5 33-2 10-5 
30. ly, 36-2 13-5 


No quantitative significance can be attached to these figures, 
but the difference in the amount of alkali found between the 
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ground and unground mixtures is sufficient to show that the 
trituration has brought about some reaction between the salts, as 
no evidence was obtained for the decomposition of either barium 
carbonate or sodium sulphate when ground separately. A very 
fair estimate, however, of the amount of reaction which has taken 
place would be the difference between the amount of alkali found 
to be due to the lixiviation alone and that due to the grinding in 
addition, as it has been shown that the reaction in the sense: 


Na,CO, + BaSO, —_> Na,.SO, + BaCOs,, 


is very slow in water at the ordinary temperature. 

In the above experiments, therefore, the solubility and the 
vapour-pressure factors having been reduced to a minimum, it 
remained to be determined whether there was not some other 
important consideration which was instrumental in bringing about 
these reactions. 

The first one to be tested was whether the grinding caused any 
ionisation of the atmosphere surrounding the salts, and an 
apparatus was constructed to investigate this. 

The pestle and mortar were fixed in the desiccator as described 
above, but the latter, in this case, possessed a side-tube. In this 
side-tube was fixed a rubber stopper traversed by two glass tubes. 
Through one entered a slow current of air dried by phosphoric 
oxide, and freed from any possible ions by passage through a tube 
containing glass wood. The air was caused to circulate just inside 
the mortar, and left the desiccator through the second glass tube 
piercing the cork. The current then passed through a glass tube 
containing two parallel platinum plates, one of which was raised 
to a known potential by connecting it to one terminal of a series 
of cells, the other terminal of which was earthed; the other plate 
was connected by a protected wire to one pair of quadrants of an 
electrometer, the other pair being earthed. An earthing key was 
connected into the electrometer in the usual way. 

The procedure was to put a quantity of the salt in the mortar, 
clamp on the lid holding the pestle, and start the slow circulation 
of the air. The electrometer quadrants were then insulated, and 
the salt vigorously ground for some time. 

No satisfactory movement of the needle, however, could be 
detected, either when a salt was ground alone or with another with 
which it reacted under the pestle. 

It was then thought that perhaps this apparatus was not suffici- 
ently sensitive, and a gold-leaf electroscope was substituted for the 
electrometer. The rate of fall of the leaf was determined while 
the current of air was circulating without any grinding going on, 
and then while the salts were being ground, No appreciable 
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difference, however, was noted, so that the conclusion was arrived 
at that the trituration produced no appreciable ionisation. 

The question then arises as to whether we are justified in regard- 
ing the reactions described above as reactions between solids. 

From Spring’s work, it would appear that simple pressure of 
great magnitude is capable of bringing about reactions in the 
solid state; but the validity of Spring’s conclusions has lately been 
called in question by Johnston and Adams (Amer. J. Sci., 1913, 
[iv], 85, 205). These authors draw a fundamental distinction 
between what they term “uniform” and “non-uniform” pressure, 
contending that the latter is capable of causing local or surface 
fusion of the substance to which it is applied. Spring’s results are 
ascribed to non-uniform pressure. 

Before reading this paper, the present author had arrived at a 
similar conclusion from a survey of the results recorded above; it 
had to be decided whether the shearing stress which is applied by 
trituration is at all analogous to simple pressure, or whether there 
is a fundamental difference between the two. By assuming local 
fusion under the pestle, we can explain the observed facts fairly 
satisfactorily. 

In the case of the salts which had to be dried thoroughly to 
eliminate solution effects, naturally it would be much more difficult 
to estimate exactly how far the reaction had proceeded during a 
definite period of grinding than in the case of barium carbonate 
and sodium sulphate, and the reverse; but, considering the fact 
that visible change took place after a few light strokes of the 
pestle, it would appear that in these cases the reaction proceeded 
with much greater ease than in the case of barium sulphate and 
sodium carbonate, where hard grinding for an hour only caused a 
small percentage of change. 

Now it will be noticed that in all the cases studied where the 
reaction proceeded easily, at least one of the salts, and mostly both, 
is fairly easily fusible in ordinary circumstances, except in the 
case of copper sulphate and potassium ferrocyanide, which salts 
decompose on heating at a relatively low temperature under 
ordinary pressures, so that we know nothing as to their relative 
fusibility. The carbonates and sulphates of barium and sodium 
are, on the other hand, relatively difficult to fuse, and we have 
seen that they do not seem to react so readily under the pestle. 

Easily fusible pairs of substances like sulphur and silver nitrate, 
or sulphur and lead acetate, only require scraping together with 
a pointed glass rod to cause them to interact; whilst against this 
may be set the fact that no evidence was obtained for any reaction 
between barium sulphate and charcoal when ground together. 
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That fused salts are capable of reaction is a well-known fact. 
Although, as stated above, a crystal of potassium dichromate will 
remain unacted on in hydrated lead acetate which is just melted, 
yet, if one melts the potassium dichromate and allows some molten 
lead acetate to run on to it, the formation of the yellow lead salt 
is evident. Again, if a crystal of potassium chromate is dropped 
into molten silver nitrate, reaction again takes place at once. 

Further evidence in support of the idea that the action of shear- 
ing stress is widely different from that of simple pressure is obtained 
from a consideration of the volume changes which the former 
occasions. If simple pressure were admitted to be capable of 
bringing about chemical changes, then one would expect that it 
would only tend to bring about those in which the products of 
the reaction are more dense than the reacting substances. This, 
however, is by no means always the case with shearing stress, as 
will be seen from the following list of reactions, all of which have 
been shown to proceed under the pestle: 

(a) Na,SO,+ BaCoO, Na,CO,+ BaSO, 


Sum of molecular volumes = 99-4 96-8 
(b) Na.CO,-+ BaSO, Na.SO,+ BaCO, 
ne , > 


Sum of molecular volumes = 96-8 99-4 


(c) Pb(NO,),-+ 2KI PbI,-+2KNO, 
ee —, 


Sum of molecular volumes = 182-5 


(d) 2CuSO,+ K,Fe(CN), Cu,Fe(CN),+2K.SO, 
_ nye Sle _ at a 
Sum of molecular volumes = 286 298 
(e) PbCl,+ 2KI PbI,+ 2KCl 
- 


Sum of molecular volumes = _ 155-3 149-6 


In cases (a), (c), and (e), therefore, the reaction is accompanied 
by decrease of volume, whilst in cases (0) and (d) the grinding has 
actually caused increase of volume. 

Another interesting point which arose in Spring’s work gives us 
a means of comparing the effects of shearing stress and simple 
pressure of the nature used by him. 

He found that if barium sulphate and sodium carbonate, mixed 
in certain proportions, were subjected to a pressure of 6,000 atmo- 
spheres for a short time, about 1 per cent. of change had taken 
place; but he also discovered the rather remarkable fact that the 
reaction did not cease with the release of pressure, for, on allow- 
ing the previously compressed mixture to remain, the reaction still 
continued, only ceasing after about a fortnight. His figures for 
three compressions are typical : 
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When analysed. Per cent. of change. 
Immediately after compression : 
9-01 
9-15 

The same phenomenon was observed in the case of the reverse 
action. 

To determine, therefore, whether the trituration was at all 
analogous to this simple pressure experiment, two mixtures of 
1:06 grams of anhydrous sodium carbonate and 2°334 grams of 
barium sulphate were ground for thirty minutes; one was allowed 
to remain for seven days, and the other for fourteen days, before 
estimation. The results are shown in the following table: 


When analysed. Per cent. of change. 
Immediately after grinding (see above) : 


7 days 
14 ,, 

Again, two mixtures of 1°42 grams of anhydrous sodium sulphate 
and 1°974 grams of barium carbonate were ground for fifteen 
minutes, one being analysed after seven days and the other after 
fourteen days. 

When analysed. Per cent. of change. 
Immediately after grinding (see above) 
7 days 
14 

As nearly as one can judge, therefore, the reactions in these 
cases would seem to have ceased with the grinding, in spite of the 
constant renewal of .surfaces during the process, which Spring 
regarded as an important consideration. If one assumes that one 
or both of the salts fuse at the instant of being under the pestle, 
then re-solidification would set in as soon as the pressure was 
released, the rate of reaction consequently slowing down. 

If, on the other hand, one assumes that the cases described above 
are reactions in the solid state, then the shearing stress appliéd by 
hand must be equivalent to a simple pressure of some thousands 
of atmospheres. 


The author desires to express his indebtedness to Prof. H. B. 
Baker for his kind supervision of this research. 
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OXLIIL—A Criticism of the Hypothesis that Neutral 
Salts Increase the Dissociation of Weak Acids 
and Bases. 


By James WiLt1am McBaIn and FREDERICK CHARLES COLEMAN. 


In a paper of extreme importance Arrhenius (Zeitsch. physikal. 
Chem., 1899, 31, 197) found that the rate of inversion of sucrose 
by weak acids was greatly augmented by the addition of neutral 
salts. So great was this acceleration that it could not possibly be 
explained by neutral salt action as then understood. Arrhenius 
was therefore led to the conclusion that the dissociation constants 
of weak acids, and of weak substances in general, are greatly 
enhanced by the mere presence of strong electrolytes; for instance, 
he found that even so dilute a solution of potassium chloride as 
0°125N apparently increased the hydrogen-ion concentration of 
0°025N acetic acid by 12°6 per cent. 

This explanation of Arrhenius’ data has seemed unassailable, 
and the general hypothesis has, of course, been almost universally 
accepted. We wish to examine the experimental basis of this 
hypothesis, and to adduce some of the evidence unfavourable to it 
in aqueous solution. 

When Bredig, Snethlage, Goldschmidt, and others showed that 
undissociated acid catalysed numerous reactions (for references see 
Ann. Reports, 1914, p. 16; Snethlage, Zeitsch. physikal. Chem., 
1913, 85, 255; H. 8S. Taylor, Zeitsch. Hlekirochem., 1914, 20, 201), 
and that there was a general relationship between the catalytic 
power of the undissociated acid and the dissociation constant, it 
became clear that this had a direct bearing upon the calculation of 
Arrhenius’ results. Such a recalculation has not, however, been 
published, and indeed a preliminary recalculation of Arrhenius’ 
data seemed to show that his conclusion remained unaffected; but 
this was due to our use of older and inaccurate data for the calcu- 
lation of degrees of dissociation, etc. 

Further and more thorough recalculation presented below leaves 
little or no room for the effect deduced by Arrhenius, since the 
observed rates of reaction can be accounted for in accordance with 
Bredig’s views that the undissociated acid is catalytically active. 

A great part of the work hitherto published on the dissociation 
or conductivity of electrolytes above room temperatures requires to 
be recalculated in the light of the invaluable series of results 
published by A. A. Noyes and his collaborators (Carnegie Institute 
of Washington, Publication No. 68, 1907, etc.). Several instances 
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of this were at once met with in the present calculation; for 
example, Jahn and Schréder (Zeitsch. physikal. Chem., 1895, 16, 
72) chose such a value for the conductivity of the hydrogen ion that 
they found the dissociation constant of acetic acid (multiplied by 
105) to be 1°87 at 40°, and this result they averaged with another 
at 10°. Noyes, however, has shown by measurements at 18°, 100°, 
156°, etc., that it decreases 0°01 per degree. This is not nearly so 
important as the measurement of the degree of dissociation of hydro- 
chloric acid, which is also required; here Palmaer’s value (Zeitsch. 
physikai. Chem., 1897, 22, 492) for the dissociation of 0°1N-hydro- 
chloric acid has to be altered from 93°9 per cent. to 83°7 per cent., 
which increases by nearly three-fold the amount of undissociated 
hydrochloric acid. 

The details of these calculations require some elucidation. It is 
now widely accepted that hydrochloric acid exhibits the same degree 
of dissociation as a solution of potassium chloride of the same 
concentration (see Bray and Hunt, J. Amer. Chem. Soc., 1911, 38, 
781). Noyes and others (/oc. cit.) have measured the conductivity 
of potassium chloride and its degree of dissociation at 25°, 50°, 
75°, ete., and their results are supplemented by those of Kohl- 
rausch and Maltby at 18°. The conductivity at infinite dilution 
changes almost linearly within these intervals of temperature, and 
so does the degree of dissociation. For the present purpose it is 
evident that from these data by means of linear interpolation, 
values can be obtained of the degree of dissociation of potassium 
chloride, and hence of hydrochloric acid, at any required tempera- 
ture or concentration. The degree of dissociation is best calculated 
by reading off the value of the conductivity on large-scale graphs, 
since when the conductivity for 18°, 25°, and 50° is plotted against 
the cube root of the concentration the curves are nearly straight 
lines. 

Arrhenius’ data consist, first, of measurements of the rate of 
inversion, using very dilute solutions of hydrochloric acid with and 
without added potassium chloride (Joc. cit., p. 207), and secondly, 
of a series of rate measurements, using acetic, formic, or phosphoric 
acid with or without addition of potassium chloride (Joc. cit., 
p. 119, 200, and 212). 

The fact that in some cases salts other than potassium chloride 
were used, including the nitrate and chlorate, as well as the corre- 
sponding sodium salts, is of no importance for the present purpose, 
as the results are so similar. We have contented ourselves with 
recalculating his summarised table on page 212. 

The first step is to obtain a value for the ratio ky/k,, which in 
Snethlage’s notation means the ratio between the catalytic activity 


McBAIN AND COLEMAN: A CRITICISM, ETC. 1519 


of undissociated acid (here hydrochloric) and that of an equal 
concentration of hydrogen ion. Snethlage in his rough calculation 
took it to be equal to 2. The most accurate measurements of the 
inversion of sucrose are those of Palmaer (loc. cit.), carried out 
in Arrhenius’ laboratory, using solutions of pure hydrochloric 
acid in concentrations up to 0°'1N. These permit of the calculation 
of the ratio k,,/k, by taking any pair of results for two concen- 
trations; thus for the 0°1000N-solution of hydrochloric acid, H= 
0°08368N and HCl=0°01632N; for the 0°00500N-solution H= 
0°004726N and HCl=0°000274N, the observed rates of inversion 
being 0°01951 and 0°0009248 respectively. Hence, 

0°08368k,, + 0°016324,,=0°01951, 

0°004726k,, + 0°0002744,, =0°0009248, 
"Key | ky =1'52 at 48°2°. 

The general result is perhaps best seen by assuming a value for 
the ratio ky/k,, and then dividing the observed rate by the sum 
of the concentrations of the actual hydrogen ion and the extra con- 
centration of hydrogen ion that would be equivalent in catalytic 
effect to the amount of undissociated acid present. If the ratio 
ky /ky is a constant, and if the rate is really proportional to the 
concentrations of hydrogen ion and undissociated acid, the quotient 
thus obtained should be constant. The results are given in table I. 


TaBLe I. 


ky/ky from Palmaer’s Results at 48°2°. 


Concen- Rate/ Rate/ 
tration. H’. HCl. Rate. H’'+15 HCl H’'+1-4HCL. 
0-1000 0-0837 0-0163 0-01951 0-1799 0-1828 
0-00995 0-00922 0-000728 0-001833 (0-1777) (0-1791) 
0-00704 0-00658  0-000458 0-001303 0-1793 0-1804 
0-00500 0-00471 0-000288 0-0009248 0-1798 0-1808 
0-002057 0-001968 0-000089 0-0003793 0-1803 0-1812 
0-00099 0-000956 0-000034 0-0001830 0-1818 0-1824 

In the last two columns the proportionality factors assumed are 
ky /k_=1°50 and 1°40 respectively. The second line of the table 
seems to be affected by experimental error as the rate is too low. 
The result for the first solution, 0°1N, must be very heavily 
weighted, as it is so much more concentrated than the other solu- 
tions. It is seen that 1°48 is a fair average value to take for the 
ratio ky, /k,, and that it completely describes the rates observed to 
within +0°5 per cent. 

The value 4/4, may also be deduced from the data of Arrhenius 
for hydrochloric acid with and without added potassium chloride, 
by taking the degree of dissociation of potassium chloride and of 
hydrochloric acid in the mixture to be the same as if each had 
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been present alone in a concentration equal to the total concentra- 
tion. The results are given in table II; the concentrations of 
hydrochloric acid were 0°05N at 25°, 0°01N at 38°, and 0°0005NV 
at 52°. 


Tasxe II. 
ky/kq from Arrhenius’ Data. 


Potassium chloride. 25°. 38° 52°, 
0-025N 2-99 1-45 1-13 
0-125N 2-77 1-70 1-30 

These data reveal internal evidence of a certain amount of experi- 
mental error, for the value for each temperature is neither constant 
nor does it always change in the same direction with increase in the 
amount of potassium chloride. The results with 0°125N-potassium 
chloride are probably the more accurate, as the effect is easier to 
measure. 

It appears probable from Arrhenius’ data that the ratio k,/k, 
decreases with rise of temperature. This effect has not been 
hitherto suspected, and it was not taken into account by H. 8. 
Taylor (loc. cit.) in his search for a quantitative connexion between 
the ratios and the affinity constants of various acids. It may serve 
to explain some of the deviations from the quantitative relationship 
that he has proposed. In the paper cited, as well as in a previous 
communication from Arrhenius’ laboratory (Medd. K. Vetenskaps- 
akad, Nobelinst., 1913, 2, No. 37), Taylor has, like Snethlage, taken 
the ratio as equal to 2 for hydrochloric acid. 

It is difficult to decide upon the most probable value for the 
ratio at each temperature, but we shall take the values 2°34, 1°70, 
and 1°30 for 19° or 25°, 38° or 40° and 57° respectively (taken 
from the data of Arrhenius above for the 0°125N-potassium chloride 
solutions). We shall show that these values* more than suffice to 
cover the whole accelerating effect observed by Arrhenius in all 
but two of the thirty-two cases—the two experiments in which the 
most dilute acetic acid, 0°001V, was used. 

The dissociation constants used for acetic acid at 18°, 19°1°, 38°, 
40°, and 57° were 1°827, 1°817, 1°65, 1°63, and 1°57 x 10-5 respec- 
tively. It may be mentioned here that the actual value of the 
dissociation constant of acetic acid has very little effect on the 

* For those who prefer to disbelieve the experimental data for the migration 
behaviour of the strong acids in dilute aqueous solution, or who believe that some of 
the cations of hydrochloric acid are complex, and adopt a higher value of, say, 92 per 
cent. (used in recent communications from the Nobelinstitut) for the dissociation of 
0°1W-hydrochloric acid, it may be pointed out that these ratios are correspondingly 
increased, so that even this does not reduce the effects predicted below as much as 
might have been expected. (See footnote to table III), 
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relative acceleration calculated. For formic acid the constants 
used were those of Arrhenius, which are probably too high. For 
phosphoric acid Arrhenius’ values were used except at 25°; they 
agree with those of Noyes (loc. cit.). 

The dissociation of each constituent in the mixture of weak acid 
and salt was calculated in the manner described by Arrhenius 
with the exception that the newer data for the dissociation of 
potassium chloride and hydrochloric acid were employed. Arrhen- 
ius, in carrying out the calculation, always obtained an appreciable 
increase in the concentration of the hydrogen ion, owing to the 
assumption that he made that hydrochloric acid is much more 
dissociated than the salt. This effect now vanishes, but another 
becomes noticeable whenever the weak acid is much dissociated ; 
thus with the most dilute acetic acid on the one hand, and with 
solutions of phosphoric acid on the other, the amount of undisso- 
ciated hydrochloric acid formed on addition of potassium chloride 
is sufficient to diminish the concentration of the remaining acid by 
a few per cent., and hence to impoverish the hydrogen ion in the 
mixture by about one-half this amount. For all intermediate 
solutions this effect does not exceed one- or two-tenths of 1 per cent. 

The recalculated results are presented in table III. The first 
column gives the temperature; the second, the acid used and 
its concentration; the third, the concentration of the salt added; 
the fourth, the concentration of the undissociated hydrochloric 
acid thereby formed in the mixture; the fifth, the percentage 
increase in the rate of inversion observed on addition of salt; the 
sixth, the predicted increase due to the formation of undissociated 
hydrochloric acid in the mixture; the seventh, that calculated 
increase corrected for the change in the hydrogen-ion concentration 
for all cases if the correction exceeded 0°2 per cent.; and the last 
column gives the excess of the predicted acceleration over that 
actually observed by Arrhenius (column seven minus column five). 

It is at once evident from the last column of table III that 
the catalytic power attributed to the undissociated hydrochloric 
acid more than accounts for the acceleration observed by Arrhenius 
except in the two experiments with 0°001N-acetic acid at 57°. 
With regard to these, it may be recalled that Palmaer, using hydro- 
chloric acid instead of acetic acid at this dilution, found it neces- 
sary to carry out the reaction in a platinum vessel, and eight days 
were required for his experiment at 48°2°, although it was proceed- 
ing nearly ten times faster. 
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TasLe III.* 
Percentage acceleration. 

H’ HCl Ob- Calcu- Cor- Ex- 
T. Acid. x10 Salt. x10‘. served. lated. rected. cess. 

Acetic Acid. 
57-0° 0-001N 1-176 0-125N 0-2532 56-1 28-0 26-5 — 29-6 
57-0 0-001N 1-176 0-025N 0-1334 29-7 14-7 14-0 —15-7 
57-0 0-005N 2-725 0-125N 0-5928 196 283 27-7 + 81 
38-0 0-025N 6-34 0-125N 1-134 35:9 35:3 35-1 — 08 
38-0 0-025N 6-34 0-050N 00-9042 22-3 24-3 24-1 + 1-8 
38-0 0-025N 6-34 0-025N 0-6853 15:6 18-4 18-2 + 2-6 
38-0 0-025N 6-34 0-0125N 0-5159 109 13-8 14-0 + 3-1 
38-0 0-025N 6:34 0-0075N 0-4182 8-3 11-2 11-2 + 2-9 
40:0 0-05N 8-94 0-125N 1-859 33-9 35-3 35-3 + 1-4 
40:0 0-05N 8-94 0-050N 1-275 21-1 24-2 24-2 + 3-1 
40-0 0-05N 8-94 0-025N 0-962 146 18-3 18-3 + 3-7 
40:0 0-05N 8-94 0-0125N 0-726 9-7 13:8 13-8 + 4-1 
38-0 0-100N 12-76 0-125N 2-642 30:0 35-2 35-2 + 56-2 
38-0 0-100N 12:76 0-0312N_ 1-501 18-9 20-0 20-0 + 11 
38-0 0-500N 28-64 0-125N 65-759 27-6 34-2 34-2 + 6-6 
38-0 0-500N 28-64 0-025N 2-934 10-9 17-4 17-4 + 6-5 
19-1 0-500N 30-06 0-125N 5-358 26-6 41-7 41-7 + 16-1 
19-1 0-500N 30-06 0-025N 2-777 96 21-6 21-6 +12-0 

Formic Acid. 
38:0 0-0167N 16-5 0-125N 3-370 30:9 34-7 34-6 + 3-7 
38-0 0-0167N 16-5 0-025N 1-748 11-7 18-6 17-9 + 6-2 
38-0 0-067N 34-5 0-125N 7-026 28-7 34-6 34-1 + 5-4 
38-0 0-067N 34:5 0-025N 3-429 12-1 16-9 16-7 + 4-6 
38-0 0-167N 57-0 0-125N = 11-37 25-9 33-9 33-7 + 7-7 
38-0 0-333N 81:0 0-125N 16-03 25-2 33-7 33-5 + 8-2 
38-0 0-333N 81-0 0-025N 7-30 9-0 15:3 15-3 -+- 63 

Phosphoric Acid. 

38-0 0-025N 98-2 0-125N 18-18 21-5 31-5 26-6 + 51 
38-0 0-025N 98-2 0-025N 8-30 67 143 123 + 66 
38-0 0-100N 258-0 0-125N 44-96 21-6 29-6 27-0 + 5-4 
25-0 0-100N 274-6 0-125N 45-46 19:7 38-8 35-8 +16-1 
38-0 0-500N 782-0 0-125N 109-7 14:9 23-9 22-7 + 7-8 
38:0 0-500N 7820 0-025N 31-6 3-5 6-9 6-4 + 2-9 


* Maximum values for the dissociation of hydrochleric acid are obtained by 
dividing the conductivity found by Bray and Hunt (loc. cit.), by the low value which 
they adopt for the conductivity at infinite dilution ; although they consider that the 
dissociation thus calculated (for example, 92°1 per cent. for 0°1N at 25°) is too 
great. Using these, and taking the temperature-coefficient between 25° and 38° 
to be the same as before, the ratio “yky-in Table II. for 0°01.N-hydrochloric acid 
with 0°125N-potassium chloride, now becomes 2°12. 

The four results below for acetic acid taken from Table III. are recalculated using 
these data ; they show that even the adoption of these higher values for the 
dissociation of hydrochloric acid does not invalidate our conclusion. 

Percentage acceleration. 


EH HCl Ob- Calcu- Cor- Ex- 

>. Acid. x 10'. Salt. x10. served. lated. rected. cess. 
40-0° 0-05N 8-94 0-125N 0-940 33-9 22-3 27-1 —6°8 
40:0 0-05N 8-94 0-025N 0-445 146 10-6 13-8 —0-8 
38-0 0-500N 28-64 0-125N 2-914 276 21-6 26-2 —1-4 


38-0 0-500N 28-64 0-025N 1-372 10-9 10-2 13-2 +25 


efie vies 
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If a constant value of ky/k,y=1°5 is applied throughout the 
table for all temperatures, all the results with the exception of the 
first three are within 4 per cent. of the predicted rates; and of the 
three discordant experiments (with the most dilute acid) one with 
0°005N-acetic acid diverges as much in one direction as the 
0°0G1N-solution does in the other. The range of concentration 
of hydrogen ion for which the relationship certainly holds is one 
hundred and thirty-fold. 

Now if these results can be accounted for in accordance with 
the highly probable explanation which we have advanced, not only 
does Arrhenius’ conclusion fall to the ground, but his measurements 
may even be adduced as strong evidence to show that neutral salts 
do not, in such circumstances, enhance the strength of weak 
acids. 

The abandonment of this hypothetical action of salts or their 
ions constitutes an important resimplification of the dissociation 
theory of Arrhenius, a theory that co-ordinates more otherwise 
unrelated facts than any other scientific hypothesis with the possible 
exception of the atomic theory. 

Passing from this to a further examination of the data in tables 
I and III, we notice in both cases a certain residual effect, in that 
the observed rates for smaller additions of salts are less than 
predicted even when 0°125N-potassium chloride produces the calcu- 
lated increase. This points to the fact that there is still a neutral 
salt action on the rate (not on the dissociation constant) which 
is not accounted for by the Bredig-Snethlage hypothesis. This 
phenomenon is strikingly exemplified if we turn to concentrated 
solutions ; thus Spohr (Zeitsch. physikal. Chem., 1888, 2, 201) found 
that the rate of inversion caused by 0°25-hydrochlorie acid was 
increased by 8°47 per cent. on addition of 0°25V-potassium chloride, 
which result gives a value of no less than 5°7 for the ratio ky/ky. 
Similarly, his observed increase of 36°9 per cent. on adding 1°0N- 
potassium chloride leads to the excessive value of 26 for ky/ky. 
The degree of dissociation of hydrochloric acid in these cases has 
been taken as 80°79, 77°18, and 72°02 per cent. respectively. A 
further typical instance of this unexplained neutral salt action on 
the rate of reaction is Arrhenius’ observation (Zeitsch. phystkal. 
Chem., 1887, 1, 110) that the sulphate and chloride influence, in 
opposite directions, the rate of saponification of ethyl acetate by 
sodium or potassium hydroxides. 

Before leaving this part of the discussion, it may be pointed out 
that the Goldschmidt, Bredig, Snethlage, Acree, etc., theory has 
received undoubted experimental proof for several reactions in 
non-aqueous solutions, and that it has been mentioned with approval 
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by H. S. Taylor in communications from Arrhenius’ laboratory.* 
The recognition of the catalytic activity of the undissociated acids 
seems to remove this effect from the category of neutral salt action ; 
but it may be said that neutral salt action, like catalysis, is a name 
given to undoubted and well-characterised phenomena which have 
received no accepted explanation. 


Other Unfavourable Evidence. 


It is one of the most striking achievements of the quantitative 
application of the electrolytic dissociation theory that the value 
for the dissociation constant of water is found to be the same 
whether measured by conductivity in the purest water hitherto 
obtained, by catalysis of two different reactions in a solution of a 
non-electrolyte, by degree of hydrolysis in moderately dilute solu- 
tions of various electrolytes whether measured by conductivity or 
catalysis, or by electromotive force in moderate concentrations of 
electrolytes. This does not point to the existence of any effect of 
salts upon the dissociation constant of water. Indeed, Poma and 
Tanzi (Zeitsch. physikal. Chem., 1912, 79, 55) seem to have found 
that the dissociation of water is diminished in concentrated salt 
solution. 

Most of the experiments adduced in corroboration of the view 
that electrolytes have the effect here questioned, refer to colour re- 
actions of indicators (see Szyszkowski, Zeitsch. physikal. Chem., 
1907, 58, 420; 1908, 63, 21; 1910, 73, 269). Now it is known that 
these solutions are electrolytic colloids, and the colour changes are 
accompanied by changes observable in the ultramicroscope. In 
such solutions some of the most radical changes, the quantitative 
salting out of soap, for instance, are brought about by electrolytes 
acting in a manner common to their effect on purely colloidal 
solutions. t 

Sérensen (Biochem. Zeitsch., 1909, 21, 188) has found by the 
colorimetric method (not, as Thiel says, by electromotive force) that 
the concentration of hydrogen ion in a saturated aqueous solution 
of carbon dioxide is unchanged by the addition of salt. 

Thiel (“ Stand der Indikatorenfrage,”’ Ahren’s Sammlung, 1911, 
16, Hefte 8—10) was right in recognising this result as “ héchst 
befremdend,” for he had, in an extreme form, made the hypothesis 
which we are here attacking the basis of a portion of his treat- 
ment. To be consistent, this author would have to explain the 


* Also by Arrhenius in the Faraday Lecture (this vol., p. 1414). 

+ The argument is not that degree of dispersion directly determines the colour 
effect, but that change in degree of dispersion or stability of the colloids present 
must displace the chemical equilibria involved. 
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quantitative salting out of soap as being primarily due to an 
enormous diminution of the dissociation constant of that colloidal 
electrolyte. 

Further, in these cases we have direct experimental evidence 
by another much more trustworthy method, namely, by 
electromotive force; thus Michaelis and Rona (Zeitsch. Elektro- 
chem., 1908, 14, 251) find the usual connexion between valency 
and concentration of salt required to produce a given colour change, 
and they conclude that it is a coagulation effect. Such colour 
changes, even when extreme, were not accompanied by measurable 
changes in concentration of hydrogen ion as shown by electromotive 
force. Sdrensen (Biochem. Zeitsch., 1909, 21, 131) and Héber 
(Zeitsch. Elektrochem., 1910, 16, 681) arrived at similar conclu- 
sions. In these experiments, however, the discussion of diffusion 
potential is hardly adequate to exclude a very small percentage 
increase. In any case, a method that sometimes indicates a 
thousand-fold increase in dissociation constant is no argument for 
a small fractional increase, such as was originally deduced in 
Arrhenius’ experiments. 

In the most recent paper on this subject (Ahrens’ Sammlung, 
1914, 21, Hefte 1—3, page 35—46) Bjerrum has suppressed all 
mention of the colloidal behaviour of indicators, except in the case 
of Congo-red; and he puts the latter into a separate category on 
account of the experiments just quoted. Bjerrum makes the 
sensitiveness of indicators to the presence of neutral salts the basis 
of a prediction of a similar effect in the case of weak electrolytes. 
The lecture experiment which he adduces, using phenolphthalein 
(loc. cit., p. 38), would have been quite conclusive if only electro- 
lytes were involved, but a reference to, say, Goldschmidt’s paper 
on the ammonia soaps (Kolloid. Zeitsch., 1913, 12, 18) seems suffi- 
cient to show that such reasoning may be invalidated by the 
behaviour of the colloidal electrolyte here present. The same criti- 
cism applies to the experiment quoted by Bjerrum on solutions of 
chromic chloride and on phenolphthalein, where in both cases the 
effect of neutral salts appeared to increase steadily and rapidly 
with increasing concentration of salt. 

Loomis and Acree (Amer. Chem. J., 1911, 46, 621) have applied 
the electromotive force method * to the case of acetic acid with and 
without addition of potassium chloride. They obtained diametri- 
cally opposite results in each concentration of salt, depending on 

* Loomis and Acree state that Arrhenius carried out conductivity measurements 
with acetic, formic, and phosphoric acids, with and without addition of various 
salts (Zeitsch. physikal. Chem., 1887, 1, 110; 1893, 11, 823; 1899, 31, 197) ; and 
they criticise the method in some detail. We have been unable to find that 
Arrhenius made such measurements (but see table III.). 
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whether they assumed that ammonium nitrate or potassium chloride, 
in saturated solution, had removed the diffusion potential; thus 
2°06N-potassium chloride either lowers the dissociation constant of 
acetic acid to 54°5 per cent., or increases it to 176 per cent.! It is 
evident from an inspection of, say, Lorenz and Mohn’s results 
(Zeitsch. physikal, Chem., 1907, 60, 422) that, in the experiments 
where saturated solutions of potassium chloride were used to elimin- 
ate diffusion potential, there was still a diffusion potential of at 
least 3 or 4 millivolts in the same direction as the total voltage 
of the cell; this potential would be gradually reduced when 
potassium chloride was added to the acetic acid too, which would 
largely account for the effect they observed. However, even the 
absolute value of their dissociation constant (2°48x10-5) very 
greatly exceeds that generally accepted (1°80 x 10-5) on the basis 
of conductivity measurements. According to Szyszkowski’s latest 
work in these high concentrations, the salt should diminish, not 
increase, the dissociation of acetic acid. 

The remaining method which has been used to ascertain whether 
or not weak acids are strengthened by salts is the method of distri- 
bution between two solvents (Szyszkowski, Medd. K. Vetenskaps- 
akad. Nobelinst., 1913, 2, No. 41). This again is an unfortunate 
choice, since it is well known that in some cases quite erroneous 
results are obtained (see R. C. Farmer, T., 1901, 79, 863; 1904, 85, 
1713). Lundén (“ Affinitatsmessungen,” Ahrens’ Sammlung, 1908, 
14, Hefte 1—3), in discussing this systematic error, was unable to 
assign a reason for it, apart from the possible formation of com- 
plexes. In our opinion such effects are a necessary result of the 
fact that solvents are never completely immiscible, and that some- 
times a trace of one solvent (such as benzene) added to another 
solvent (say, water) enormously increases the solubility of the 
solute (palmitic acid, for example), the partition-coefficient of which 
is being studied. If, then, a neutral salt be added, and this alters, 
even slightly, the degree of miscibility of the solvents, the distribu- 
tion-coefficient will be correspondingly affected. A much smaller 
effect would be induced in the other layer. In extreme cases, such 
as that suggested above, where the solute is very nearly insoluble 
in one solvent, but readily soluble in the other, this may give rise 
to a result which is wholly misleading. 

Szyszkowski’s method of calculating his distribution data involved 
trial of assumed values of partition-coefficient &, and dissociation 
constant X until constant results were assured for each concentra- 
tion of salt, k and K being related by an equation such that large 
changes in values assumed for K made only relatively small changes 
in the constancy of k. Further, he found that “the solubilities 
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were lowered by neutral salt action absolutely to the same extent 
as the partition-coefficient”’; the solubilities referred to are the 
solubilities of the undissociated weak acid in the purely aqueous 
solution, but using sodium chloride in place of potassium chloride, 
and the results of the partition experiments are used in order to 
calculate the solubility data. He did not examine the solutions to 
see whether the mutual solubilities of the benzene and water were 
constant. His experiments appeared to show that the enhancement 
in 0°3N- or 0°4N-salt solutions was more than reversed in stronger 
solutions, the dissociation constant being less in the presence of 
1‘0N-salt than in pure water. On the other hand, the partition- 
coefficients were decreased in all cases. 

Szyszkowski’s discussion of his results appears to us to be at 
variance with the principles of chemical thermodynamics. The 
undissociated acid in the aqueous layer participates in two equi- 
libria, that is, with its ions in the aqueous layer, as well as with 
the similar undissociated molecules in the benzene layer. If the 
activity or chemical potential of the undissociated acid in the 
aqueous layer be enhanced by the presence of salt, more of its 
ions must be present to preserve equilibrium, and similarly the 
concentration in the benzene layer must be correspondingly in- 
creased; thus & and K must invariably be altered in opposite 
directions and to an equal extent if there is no salting-out effect 
upon the ions.* 

It appears, therefore, from Szyszkowski’s data that 0°5N-chloride 
has no effect upon the ions of benzoic and salicylic acids. The same 
is true of 0°25N-chloride with the ions of benzoic acid, but in the 
case of the ions of salicylic acid Szyszkowski’s data would indicate 
a negative salting-out effect, that is, a lowering of the activity of 
the ions to the extent of one-third, and this effect is just as great in 
0°1N-solution. Finally, in 1°0N-chloride a positive salting-out 
effect, that is, an enhancement of the activity of the ions, equal to 
about one-half, would have to be deduced for the ions of both acids,. 
the effect being rather larger in the case of benzoic acid. 

The question of the deviation of strong electrolytes from the mass 
law, which Arrhenius correlated with the present problem, has not 
been discussed here. This is scarcely an arbitrary distinction on 


* For if a pair of experiments with and without salt in the aqueous layer be 
considered, such that the concentration in the benzene layer is the same in each 
case, then the concentration of the ions in both aqueous layers would have to be 
taken as equal (apart from any salting-out effect upon them), and thus any increase 
in the undissociated acid in the aqueous layer would affect k and X in the same 
direct proportion. This is the principle now generally adopted in discussing 
solubility products. A purely salting-out effect would leave K unchanged, whilst 
directly altering & and each ion. 
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our part, since the fact remains that weak electrolytes are con- 
sidered to obey the mass law over an enormous range of concentra- 
tion, whilst the dissociation “constants” of salts are roughly pro- 
portional to the square root of the concentration. A criticism of 
some of the hypotheses advanced to correlate this behaviour with 
the effect observed in the case of weak electrolytes lies beyond the 
scope of the present paper. 


Summary. 


It has been shown that if the hypothesis of Bredig, Acree, and 
Snethlage, etc., is accepted, namely, that undissociated hydrochloric 
acid catalyses the inversion of sucrose better than hydrogen ion, 
and if, further, the data of A. A. Noyes and his collaborators with 
regard to degrees of dissociation are made use of, not only do the 
data of Arrhenius (1899) for the acceleration caused by adding 
a neutral salt to a weak acid fail to prove that the dissociation 
constant of the weak acid is enhanced by the presence of the 
neutral salt, but they may even be adduced as strong evidence 
against the existence of such an effect. 

It is further pointed out that much of the evidence brought in 
support of the enhancement hypothesis is derived from methods 
often subject to grave systematic errors, involving, for instance, 
colour changes in colloidal or electrolytic colloidal systems, or distri- 
bution data, methods which are known in some cases to give highly- 
distorted results. Here the results are conflicting in order of 
magnitude and even in sign. The evidence of electromotive force 
measurements is also unfavourable to the hypothesis.* 


* Since this paper was read, Dr. G. S. Walpole has kindly communicated to me 
some of the results of a series of careful measurements of electromotive force which 
have not yet been published ; the Bjerrum method of eliminating diffusion potential 
was employed. No explanation is as yet forthcoming as to why the dissociation 
constant of acetic acid, even without salt (2°02x10-°), is much higher than that 
(1°82 x 10~) given by the conductivity method, although the discrepancy between 
the two methods seems to be well established. 

A N/5-solution of acetic acid gives an increased potential of 3°3 millivolts in the 
presence of V/5-sodium chloride ; of this, either 1*1 or 1°6 millivolts is accounted 
for on the principle of isohydrism, depending on the dissociation data adopted for 
hydrochloric acid. This would leave a small but definite increase of 1°7 or 
2°2 millivolts, that is, 7 or 8 percent. increase in acidity, to be ascribed: to an 
enhancement of the dissociation constant of acetic acid by the sodium chloride. 

However, this conclusion appears to be wholly offset by other results in the 
opposite direction, where Dr. Walpole used sodium acetate in place of sodium 
chloride. The acidity of N/10-acetic acid solution containing N/10-sodium acetate 
is 1°8 millivolts less than that calculated, indicating in this case a lowering of the 
dissociation constant of acetic acid by the salt to the extent of 7°2 per cent. Thus 
the evidence of these electromotive force determinations is certainly not in favour of 
a generalised enhancement hypothesis.—J. W. M. 
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We conclude, therefore, that there is, on the whole, no experi- 
mental evidence for the supposed increase in the dissociation 
constant of weak acids and bases caused by the presence of neutral 
salts. 
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CXLIV.—The Action of Diastase on Starch Granules. 
Part I. 


By Jutian Levert Baker and Henry Francis Everarp Hutton. 


Most of our knowledge concerning the diastatic conversion of 
starch is based on experiments made with gelatinised potato 
starch, the fact that this starch could be readily obtained both 
pure and in quantity being, no doubt, the reason for this choice, 
whilst the immunity of its granules to attack by diastase—a 
property not shared by the cereal starches—necessitated its pre- 
liminary gelatinisation. It is evident, however, that the problems 
centring round the hydrolysis of the starch molecule by diastase 
are not confined to the action of this enzyme on gelatinised potato 
starch, and it is therefore somewhat surprising that the products 
of diastatic action on the cereal starch granules have not received 
more attention. 

Baranetzky (‘‘Die Starkeumbildenden Fermente,” Leipzig, 1878) 
has shown that diastase attacked the starch granules of certain 
cereals, with the formation of sugar. Later, Brown and Morris 
(T., 1890, 57, 510) studied the action of precipitated malt diastase 
on the granules of barley starch for a period of twenty days at 
the ordinary temperature in the presence of 0°0065 per cent. of 
formic acid, and a trace of chloroform. A solution was obtained 
of a gravity of 101332, which had an optical activity in a 200-mm. 
tube of 24°6 divisions (sugar units on Ventzke Schiebler scale), and 
a cupric reduction per 100 c.c. of 4297 grams of copper oxide. 
According to these authors, this is equivalent to 3°194 grams of 
maltose, which would give a deflexion of 24:9 divisions, against 
24°6 actually observed. It was concluded that tae whole of the 
optically active substance was maltose, which in this case amounts 
to 92°4 per cent. of the total solids that have gone into the 
solution. 

If the specific rotatory power in the above experiment is re- 
calculated, using a solution divisor of 3°937 (compare H. T. Brown 
and G. H. Morris and J. H. Miller, T., 1897, 71, 72), a value of 
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[@]p 3-937 125°07 is obtained (maltose having [a], 138). The re- 
ducing power recorded above has been calculated, using the factor 
CuO x 0°743=maltose, and assuming this figure to be correct, the 
reducing power of the solution in terms of maltose becomes 94°4 
per cent. The results expressed in this manner do not show a very 
close agreement with the constants of maltose, the [a],, being some 
13° low, and the reducing power 7°6 per cent. low. No confirma- 
tory evidence was adduced by Brown and Morris that maltose is 
the optically active substance present. 

In a paper entitled “The combined action of diastase and yeast 
on starch granules,’ G. H. Morris (T., 1901, 79, 1085) recorded 
experiments on the action of malt extract and precipitated malt 
diastase on barley starch at the ordinary temperature. The results 
in the case of malt extract, when calculated in the customary 
manner, show that the solution he obtained after seventy-two 
hours had the following constants: [a], 3-934 129°8, Ryg.93,=83°9, 
which appear to have satisfied him that the substance in solution 
was maltose only. No attempts were made to isolate the sugar 
or to prepare any of its derivatives. When precipitated diastase 
was used, a much smaller yield was obtained, and the product was 
stated to consist of a mixture of maltose and dextrin. In support 
of this assertion, no analytical data are adduced. 

A. R. Ling (J. Fed. Inst. Brewing, 1903, 9, 446; J. Inst Brew- 
ing, 1911, 17, 570) studied the action of diastase on barley and 
wheat starch, and the starch of kilned malt, at temperatures 
between 55° and 65°, which are below their gelatinising point. 
The starches dissolved completely. The constants of the conversion 
products were such as to indicate the presence of dextrins, but no 
fractionation was attempted. 

In the course of some work on the auto-digestion of malt sub- 
sequent to its thorough extraction with cold water, we found it 
was necessary to examine the action of malt diastase on starch 
granules, and on repeating the experiments of Brown (loc. cit.) 
and Morris (loc. cit.) we obtained products which in their optical 
and reducing constants more nearly approximated to those of 
maltose than the figures quoted by Brown (/oc. cit.) and Morris 
(Joc. cit.), but on examination it was apparent that substances 
other than maltose were present. Such a conversion fermented 
with difficulty, and never entirely; the melting point and appear- 
ance of the osazone were different from maltosazone, and in some 
cases dextrosazone was obtained. It was not possible to isolate 
the maltose in a crystalline condition unless the conversion pro- 
ducts were first submitted to fractionation with alcohol or were 


dialysed. 
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EXPERIMENTAL. 


Throughout this work we used barley starch, which was kindly 
given to us by Dr. L. T. Thorne, and previous to use it was 
purified by digesting in the cold with very dilute sulphurous acid, 
followed by washings with distilled water until the starch was 
neutral to litmus paper. When dried in the air, the preparation 
contained H,O=13°6; mineral matter=0°16, and N=0'14 per 
cent. 

The starch was made into a thick cream with water, and a little 
toluene added as a preservative. For every 100 grams of starch 
used, the precipitated diastase (prepared according to the condi- 
tions described by C. J. Lintner, J. pr. Chem., 1886, [ii], 34, 378) 
from 50 grams of pale English kiln-dried malt was added. The 
mixture was kept in stoppered Winchester quart bottles at the 
desired temperature, with frequent shaking, the matter passing into 
solution being removed as required by filtration. The cupric 
reducing power and specific rotatory power of the conversion pro- 
ducts were determined, and in some cases the molecular weight, by 
the cryoscopic method. The presence or absence of dextrose was 
determined by the phenylbydrazine test. Any -phenylosazone in- 
soluble in hot water was identified by its characteristic appearance 
and melting point as phenyldextrosazone. 

The following results, which are some of many, were obtained. 


TaBLeE [. 
Reducing Specific 
Temperature power rotatory 
Experi- Time of R39 as power 
ment. in days. digestion. M.W. maltose. [a]p 3-9 Osazone test. 
1 15-5 347 89-2 141-9 Dextrose not present 
2 2 15-5 o- 83-6 136-1 - oe - 
3 79 15-5 — 106-9 128-1 Dextrose present 
4 140 25-0 —_— 109-4 120-6 = 
5 2 37-0 — 79-2 135-5 Dextrose not present 
6 2 37-0 399 80-5 142-4 - ~” - 
7 3 37-0 406 81-1 144-0 om o” - 
8 4 37-0 339 99-0 132-0 Dextrose present 
9 7 37-0 — 97-4 133-0 Dextrose not present 
10 ll 37-0 — 100-2 138-6 aoa th 
li 12 37-0 333 96-0 134-7 Dextrose present 
12 17 37-0 334 97-6 132-0 mo 9 
13 18 37-0 _ 93-9 132-5 ~ a 
14 38 37-0 318 109-9 126-7 % os 


The constants recorded in experiments Nos. 1 and 11 were 
corrected for the diastase used. 

The amount of starch which is dissolved varies. In the longer 
periods of digestion, as much as 80 per cent. of conversion pro- 
ducts was obtained. Some idea of the rate of the action during 
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the early stages may be formed from the experiment recorded in 
table II. The starch granules, especially after prolonged digestion, 
were much eroded, the larger ones more so than the small (compare 
Whymper, 7th Inter. Congr. App. Chem., 1909, 6 A, 7). 

The results show that when the time of contact between the 
enzyme solution and starch granules is short, no dextrose detect- 
able by the osazone test is produced. On long digestion appreci- 
able amounts of this sugar are formed. In experiments 8, 9, 10, 
11, and 12 the products of digestion have practically the constants 
of maltose, although in Nos. 8, 11, and 12 dextrose was found. It 
thus appeared that the similarity of the constants to those of 
maltose was fortuitous, and we therefore decided to fractionate 
the products by the customary methods, involving fermentation, 
alcoholic precipitation, and dialysis. 

When the conversion products were fermented with washed 
brewers’ yeast for four days at 25°, we usually found that about 
one-quarter to one-half of the solids in solution disappeared. By 
forcing the fermentation, this amount could sometimes be increased 
to two-thirds. With a pure culture of S. cerevisiae not more than 
one-third of the matter in solution could be fermented. 

The examination of the unfermented residue presented some 
difficulties, owing to the accumulation in it of the ash and nitrogen 
introduced by the materials employed, especially yeast and diastase. 
These impurities are practically negligible when the total solids 
in solution are considerable, but when the greater part of the 
fermentable matter has disappeared they constitute an appreciable 
fraction of the substance analysed. No useful purpose would be 
served by recording the numerous attempts which were made to 
fractionate the unfermentable residues. It was evident we were 
dealing with a complex mixture. Crystalline maltose was isolated, 
and a certain amount, probably not exceeding 20 per cent. of a 
dextrin which had [a],3.9 177, a reducing power varying between 
R 11 and R 20, and a molecular weight exceeding 1500. Even 
this dextrin was slowly diffusible and sparingly soluble in alcohol, 
so that its separation from the fermented conversion products by 
dialysis and fractionation with alcohol, acetone, etc., was not 
sharp. The bulk of the unfermentable products, other than 
maltose and this dextrin, appeared to consist of one or more 
dextrins of a molecular weight similar to that of maltose, but with 
an appreciably lower reducing power. The fact that crystalline 
maltose should be found in the unfermentable residue is at first 
sight surprising, but it is probably to be accounted for by the 
retarding influence exerted on the activity of the yeast by the other 
substances present in the mixture. 


4 
4 
| 


- as shown in the following manner: 
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On reference to the results recorded in table I, it will be noticed 
that when conversion was allowed to proceed for only one to three 
days, the products had a higher rotatory power and lower reducing 
power than maltose, and this would suggest the presence of a larger 
proportion of dextrin or dextrins, such as were isolated from the 
fermentation residues (loc. cit.). 

As it is evident that the time was an important factor in deter- 
mining the composition of the products of conversion, we studied 
the action of diastase on barley starch granules under the follow- 
ing conditions. One hundred grams of barley starch were 
suspended in water, the precipitated diastase from 50 grams of 
malt was added, and the mixture digested at 37° in presence of 
toluene ; portions were withdrawn at intervals of twenty-four, forty- 
eight, and ninety-six hours, the unaltered starch removed by filtra- 
tion, and the solution analysed. Corrections were made for the 
diastase added. 


TABLE II. 
24 48 96 
hours. hours. hours. 
5 ee uiidbaeguensRenin titinenbaas 2-987 4-041 7-505 grams per 100 c.c. 
Gs. Jnuhetinssalaqatemmuncadmemsianiale 78-6 84-3 90-4 
EORLGM)  shatersionsinsasacampeiaeeess 146-2 143-00 140-2 
Molecular weight .............s+0+ . 385:0 360-0 369-0 


(maltose = 342) 

Melting point of osazone soluble 

GR WEEE occresseccccscccossveses . 145:0° 155-0° 157-0° 
Dextrosazone.........sccseccerseees - Nil Nil Nil , 

These results show the progressive dissolution of the starch, also 
that substances with constants different from those of maltose and 
of a higher molecular weight are present. Further, it is significant 
that no dextrose was formed. 

In order to isolate the dextrins produced under such conditions, 
700 grams of barley starch suspended in water containing a little 
toluene were digested with precipitated malt diastase for two days 
at 37°, the mass filtered and washed with water, and the same 
starch again digested under similar conditions with more diastase. 
This procedure was repeated a number of times; the different 
filtrates were collected until about 235 grams of soluble products 
were obtained. 

This quantity was evaporated to a thin syrup, and was frac- 
tionated by pouring it into such a volume of boiling ethyl alcohol 
that the resulting strength was 88°2 per cent. by weight. The 
mixture of dextrins which separated was dissolved in water and 
again poured into boiling alcohol, the treatment being continued, 
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Conversion Products (235 grams). 
Rg-9 80°5; [a]ps-9 142°4; M.W. 399. 
Precipitated with Alcohol (88°2 per cent.). 


Insoluble. ; Soluble. 
(113-5 grams) (113-8 grams) 
Rs9 58-6 Rs-9 l 
[a]> 39 150 [a]p 39 133-6 
M.W. 416 M.W. 338 


>, 
\ 


Precigitated with Alcohol (90°2 per cent.). 


(76-3 grams) (28-9 grams) 

g Rss 51:3 Rsy 90-4 
[a]> 329 154-4 [a]p 29 137-3 
M.W. 508 M.W. 341 

N 
Precipitated with Alcohol (85°5 per cent.). 

(37 grams) (40-1 grams) 

3 Rg 22-7 R39 83-3 3 
[a]p 39 169-8 [a]p 39 143-6 
M.W. 959 M.W. 384 


hy 
\ 


Precipitated with Alcohol (85°5 per cent.). 


(22 grams) (4-4 grams) 
R39 14:6 R3-9 57-6 4 
[a]p 39 173-3 [a]>sy 157 
M.W. 1654 


The constants of the conversion products before fractionation, 
more particularly the molecular weight, indicate that a consider- 
able amount of dextrin is present. As the fractionation proceeds, 
the reducing power of the portions less soluble in alcohol 
diminishes, and the optical rotation increases, these changes being 
accompanied by an increase of molecular weight. The insoluble 
fractions 3 and 4 did not yield osazones insoluble in cold water. 
The soluble fractions 1 and 2 (135 grams) were mixed, and alcohol 
and acetone added; a syrup separated (7'5 grams), which had the 
constants R3..=87°8; [a],39 141. After concentration the solu- 
tion deposited pure maltose. Solutions 3 and 4 were mixed (65 
grams) and poured into 88 per cent. alcohol. A dextrin separated 
(3 grams), with the constants R3.9=37'1; [a]y39 161°2. These 
results are what might have been anticipated. The fractionation 
of the conversion products with alcohol is not complete, and small 
amounts of the dextrins are dissolved, together with maltose, in 
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the alcohol of the strength employed. It is noteworthy that, so 
soon as the dextrin of high molecular weight is removed, the 
maltose separates quite readily. No evidence of the presence of 
any dextrose was forthcoming in this conversion. 

As it was possible that temperature might influence the products 
formed by the action of diastase on starch granules, conversions 
on similar lines were made at a temperature of 15°5°, and the 
products submitted to fractionation. The results were practically 
identical; the final dextrins had constants of Rg3.=16°7; 
[a], 3-9 160°9. The latter dextrin was digested with diastase for 
two hours at 55°, and for fourteen hours at 37°5°, and the constants 
altered slightly, namely, Rz.9.=16'1 and [a],,3.9 159. When heated 
with phenylhydrazine, no dextrosazone was formed. 

A more convenient way of obtaining the dextrin was to ferment 
the conversion products and dialyse the unfermentable residue. 
The results of one such experiment are set out in the following 
scheme : 


Conversion Products (400 grams). 
R3.9 100°2, [a@]p 3-9 138°6, fermented six days with brewers’ yeast. 
Residue, 285 grams, Rg.9 85°1 ; [a], 9-9 143°6. 
Dialysed with Water. 


Residue. Dialysate. 
Rs-9 55-7 Rs 87-1 
[a] 39 159-6 [a] 39 140-6 
M.W. 549 M.W. 363 
N 
Dialysed with Water. 
R39 21-7 R39 73-6 
{a}, 39 177-1 [a] 39 150-8 
M.W. 1412 
N . 
Dialysed with Water. 
R 11-7 R 38-8 
[Jo s-9 177-6 [a]» 39 168-9 


Although it is not possible to obtain a sharp separation of the 
conversion products, since the dextrins of high molecular weight 
themselves diffuse slowly, yet the method has advantages as com- 
pared with alcoholic fractionation. The dialysates were fermented 
with yeast, and dextrins, as well as crystalline maltose, were 
isolated from the unfermentable portions. 

At the present time we are not in a position to state to what 
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extent this dextrin with the constants R 11°7 and [a], 177°6 
resembles the stable dextrin of Brown and Millar (T., 1899, 75, 
315). In some points the dextrin we have obtained is different. 
By the most exhaustive fractionation we were never able to obtain 
a dextrin with the constants recorded by Brown and Millar (loc. 
cit.), namely, R 5°5; [a], 195. These observers also found that 
the stable dextrin was hydrolysed by diastase to the extent of 
30 per cent., the products consisting of equal quantities of maltose 
and dextrin. The dextrin obtained by us is very resistant to the 
action of diastase, and, judging by the results we have obtained, 
maltose and very little dextrin are produced. The dextrose formed 
in the conversions which proceeded for a long time was probably 
derived from the other dextrins of low molecular weight which 
are present (compare Ling, J. Fed. Inst. Brewing, 1903, 9, 448), 
as it is unlikely that maltose can undergo hydrolysis by an amylase 
separated from malt. 

This work, which is of a preliminary character, opens up an 
interesting field of investigation. We have shown that the pro- 
ducts which result from the action of malt diastase on starch 
granules are not so simple as previous workers have stated. From 
conversion products which had the constants of maltose we have 
isolated: (1) a dextrin of a molecular weight exceeding 1500; 
(2) a dextrin or dextrins of molecular weight similar to that of 
maltose; (3) crystalline maltose; and (4) when the time of contact 
between the starch granules and diastase was prolonged, the 
presence of a small quantity of dextrose was confirmed. 

In an inquiry of this nature, one is hampered by a paucity of 
methods of attack, since some of the substances to be isolated have 
closely similar solubilities in solvents such as methyl and ethyl 
alcohol, and in other cases the physical constants of materials 
known to be different one from the other show only slight 
variations. 

We are continuing the work with the object of submitting the 
dextrin of high molecular weight to a more detailed examination, 
and of studying the substance or substances in the conversion pro- 
ducts which resemble maltose in molecular weight. 

THE LABORATORY, 


- THE Stac BREWERY, 
Primuico, S. W. 
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CXLV.—The Resolution of 5-Nitrohydrindene-2- 
carboxylic Acid. 


By Wit.iam Hopson Mitts, Horace Victor Parker, and 
Rospert WILLIAM PRowSE. 


Amone the large number of optically active derivatives of benzene 
which have been prepared there is, so far as we are aware, up to 
the present, none in which the configuration of the benzene mole- 
cule can be said to take any essential part in determining the 
molecular asymmetry. 

Thus, in mandelic acid, for example, or even in a-pheny]l-a- 
hydroxyphenylethane (Pickard and Littlebury, T., 1906, 89, 467), 
it is clear that the molecular asymmetry is independent of the 
configuration of the aromatic radicles; these radicles could be 
replaced by almost any others without destroying the molecular 
asymmetry, or even altering its type. The same is true of the 
phenylene radicle when it occurs in optically active compounds, as, 
for example, ac-tetrahydro-8-naphthylamine (Pope and Harvey, 
T., 1901, 79, 74). 

It appeared to us therefore of some interest to prepare an optic- 
ally active derivative of benzene in which the configuration of the 
substituted benzene nucleus should be directly concerned in deter- 
mining the molecular asymmetry. We have accordingly prepared 
5-nitrohydrindene-2-carboxylic acid, and have shown that it can 
be resolved into two optically active components: 


i CH, 
A 
| om 


a 


\A/ \co,H 
GH, 


To account for the molecular asymmetry of this compound, it is 
evidently necessary to take into consideration the relative distribu- 
tion in space of the groups attached to the benzene nucleus, and 
this is determined by the configuration of the benzene molecule. 
The stereochemistry of benzene is thus definitely involved, but, of 
course, not in such a way that the optical activity of this com- 
pound has any direct bearing on the question of the more intimate 
structure of the benzene nucleus. The molecular asymmetry is 
clearly dependent upon the position of the nitro-group in relation 
to the two points of attachment to the benzene nucleus of the 
symmetrically substituted trimethylene chain. A _ polarimetric 
proof is therefore afforded that in a compound of the type 


1538 MILLS, PARKER, AND PROWSE: THE RESOLUTION OF 


1)2) (4) 
C,H;AAB the substituent B is unsymmetrically disposed with 


regard to the other two. 

In the preparation of 5-nitrohydrindene-2-carboxylic acid the 
starting point was the hydrindenedicarboxylic acid of v. Baeyer 
and Perkin (Ber., 1884, 17, 122; Perkin and Révay, T., 1894, 65, 
232). This compound was treated with fuming nitric acid, and 
the nitrohydrindenedicarboxylic acid thus obtained was converted 
into the corresponding monocarboxylic acid by heating in an in- 
different solvent: 


H H 
OH < Gy >C(CO,H), ae NO, "CH s< oy >C(CO4H), —> 
NO,*C,H,<p4?>CH-CO,H. 
2 


To determine the position of the nitro-group, nitrohydrindene- 
dicarboxylic acid was oxidised with potassium permanganate. An 
acid was thus obtained which was proved to be the nitrophthalic 
acid, which melts at 165°. Since it has been shown (Reverdin and 
Noélting, Ber., 1880, 13, 36; Schall, Ber., 1879, 12, 834) that in 
this compound the nitro-group is in the meta-position with respect 
to one of the carboxyl groups, and in the para-position with respect 
to the other, it follows that in nitrohydrindene-2-carboxylic acid 
the nitro-group must occupy the 5-position. 

The resolution of the acid was effected with the aid of an acid 
quinine salt of the type B 2A. This, after repeated crystallisa- 
tion, gave on decomposition the /-acid. From the mother liquors 
a mixture of the racemic with the d-acid was obtained, from which 
the latter could be isolated by fractional crystallisation. | The 
active acids melt at a lower temperature (116°) than the racemic 
modification (122°5°); they are also considerably more soluble in 
the common solvents. Their optical activity is only moderate, the 
observed specific rotations for the mercury green light being 
[a] + 36°4° and —36°5° respectively. 


EXPERIMENTAL. 
5-Nitrohydrindene-2 : 2-dicarboxylic Acid. 


Finely powdered hydrindenedicarboxylic acid (5 grams) is added 
gradually during the course of half an hour to 15 c.c. of nitric 
acid (D 1°5) kept at a temperature of 0—2°. After about half 
the acid has been added, the new compound begins to separate, 
and finally the mixture becomes quite pasty. After keeping at 0° 
for twenty minutes, about 30 grams of ice are added, and the 
product is collected after six to eight hours. The yield is approxi- 
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mately 80 per cent. of the hydrindenedicarboxylic acid taken. It 
is convenient to carry out several such operations simultaneously. 

After crystallisation from hot water, the acid was obtained in 
clusters of stout needles of the palest yellowish tint, melting at 
166—167°: 


0°1631 * gave 0°3133 CO, and 0°054 H,O. C=52°4; H=3°77. 
0°1853* neutralised 14°6 cc. V/10-NaOH. Equivalent=127. 
C,,H,O,N requires C=52°6; H=3'6 per cent. Equivalent (for 
dibasic acid) =125°5. 
The acid dissolves readily in alcohol, ether, or acetic acid, and 
sparingly in benzene or chloroform. 


Oxidation of Nitrohydrindene-2: 2-dicarboxylic Acid. 


Nitrohydrindenedicarboxylic acid (3 grams) was dissolved in an 
aqueous solution of sodium carbonate and heated with a solution 
of potassium permanganate (18 grams) for three hours on the 
water-bath. After addition of a little alcohol to destroy the 
excess of permanganate, the solution was filtered from the precipi- 
tated manganese dioxide, acidified, and then extracted with ether. 
The product left on evaporation of the ether was an acid very 
readily soluble in water. Since, on this account, it was not easy 
to purify, it was converted into its crystalline methyl ester by 
heating with methyl alcohol and concentrated sulphuric acid. 
After isolation in the usual manner and crystallisation from 
aqueous methyl alcohol, the ester was obtained in colourless 
crystals, melting at 66°5°. The analysis gave results in agreement 
with those required for a methyi nitrophthalate. (Found, 
C=50°'1; H=3°7. C,jH,O,N requires C=50°2; H=3'8 per cent.) 

The melting points of the two methyl nitrophthalates lie very 
close together; the methyl ester of the 3-nitro-acid melts at 
67—68°, that of the 4-nitro-acid at 65—66°. Specimens of the 
two isomerides were therefore prepared from a-nitronaphthalene 
(Beilstein and Kurbatov, Annalen, 1880, 202, 217) and phthalic 
acid (Miller, Amnnalen, 1881, 208, 224) respectively, and the 
identity of the methyl nitrophthalate produced from _nitro- 
hydrindenedicarboxylic acid was established by the method of 
mixed melting points. The mixture with the 3-nitro-ester melted 
at 40—45°, corresponding with a depression of about 20°, that 
with the 4-nitro-ester, on the other hand, fused sharply at 66°5°, 
the melting point of the components. 

The acid produced by the oxidation of nitrohydrindene- 
dicarboxylic acid was therefore 4-nitrophthalic acid. 


* Dried at 100° in a vacuum. 
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5-Nitrohydrindene-2-carbozylic Acid. 


On being heated above its melting point, nitrohydrindene- 
dicarboxylic acid loses carbon dioxide, but the reaction is accom- 
panied by much decomposition. The elimination of carbon dioxide 
takes place more smoothly when the acid is heated to the requisite 
temperature in solution. Glycerol, phenol, and anisole were in 
turn employed as solvents, and of these the last was found to be 
most satisfactory. A solution of nitrohydrindenedicarboxylic acid 
(5 grams) in anisole (50 c.c.) was heated under reflux on a sand- 
bath to a temperature just short of boiling. The evolution of 
carbon dioxide took place rapidly, and was complete in about one 
and a-half hours. The acid was then extracted from the anisole 
by a solution of sodium carbonate. On acidification of the alka- 
line solution, the nitrohydrindenecarboxylic acid was precipitated 
as a dark oil, which rapidly solidified. The crude product was 
purified by extracting with hot water and filtering from undis- 
solved oil. The acid was deposited, on cooling, in crystalline form, 
and on careful recrystallisation from hot water gave long, appar- 
ently colourless needles, melting at 122°5°: 

0°1841 gave 0°3935 CO, and 0°0735 H.0. C=58°3; H=4°4. 

C,>H,O,N requires C=58'0; H=4°3 per cent. 

The acid dissolves readily in alcohol, acetone, or ether, but rather 

sparingly in cold benzene or toluene. 


Resolution of 5-Nitrohydrindene-2-carboxylic Acid. 


To an ethyl-alcoholic solution of nitrohydrindenecarboxylic acid 
(10°5 grams) and anhydrous quinine (16°4 grams) water was added 
in amount just insufficient to produce a permanent turbidity at 
the temperature of the room, the total volume of the solution 
being 400 c.c. Nuclei, obtained by cooling a small portion of the 
solution to 0° and rubbing with a glass rod, were then added, and 
the salt slowly crystallised. It was then recrystallised eight times 
from aqueous alcohol. The melting point of the successive crystal- 
lisations showed little variation, the first crystallisation having 
melted at 103—108°, and the eighth at 104—-107°, but the magni- 
tude of the specific rotation increased, and test portions of the 
acid isolated from the successive crops were increasingly levo- 
rotatory, the specific rotation of the acid from the fourth, fifth, 
sixth, and eighth crystallisations having been found to be 
[a]? —19°7°, —26°7°, —27:1°, —26°6° respectively. From the 
last three values it was concluded that the resolution had approxi- 
mately reached its limit at the fifth crystallisation. The quinine 
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salt contained two molecules of the /-acid combined with one of 
quinine. This was established by titration with N/10-alkali and 
phenolphthalein, for a nitrogen determination would not have dis- 
criminated between a mono- and a di-acid salt: 
0°6814 required 18°6 c.c. WV/10-sodium hydroxide. Acid =56°5. 
C9H.,0.N_,2C,gHyO,N requires acid=56°1 per cent. 
The following polarimetric observations were made on the 
seventh and eighth crystallisations of the quinine salt: 
VII. 1=2; c=0°464; ap—0°945°; az,, —1°135°; [a]? —101°8°; 
[a }#e. — 122°3°. 
VIII. 1=4; c=0°24; apP—0°98°; af, 117°; [a]?—102°1°; 
{a} — 121°9°. 
The quinine salt obtained after the final recrystallisation was 


s 
~ 
3 
: 
5 
S 


V 


l-acid. ms ne ~ d-acid. 
Percentage composition. 
decomposed with sulphuric acid, and the /-acid was extracted with 
ethyl acetate, in which it is considerably more soluble than in 
ether. The solution was washed repeatedly with dilute sulphuric 
acid in order to remove the quinine. The acid was crystallised 
twice from water, and the two crops were polarimetrically 
examined. 
I. l=2; e=1°752; ay—1'015°; af. —1°28°; [a]%—29°0°; 
[a]}iia — 36°5°. 
II. 7=2; c=1:022; ay —0°59°; aif, 0°74°; [a]§ —28°9°; 
[a]i® — 36°2°. 
The levo-acid melts at 116°, 6°5° lower than the racemic com- 


pound. 
VOL, CV. 5H 
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To obtain the dextro-modification, the acid was extracted from 
the mother liquors of the quinine salt and crystallised from 
benzene. The crystals deposited directly had [a], 18°5°, whilst 
the specific rotation of the second crop, which crystallised on the 
addition of light petroleum, was [a]?,, 32°5°. The r-acid con- 
sequently appears to be very much less soluble in benzene than the 
active acids. 

The second crop, which, according to its specific rotation, must 
have contained nearly 90 per cent. of d-acid, was then crystallised 
twice from toluene. The melting point rose to 116°, and the 
specific rotation was, within the limits of the experimental error, 
equal and opposite to that found for the l-acid: 1=4; c=0°405; 
ay 0°48°; aX, 0°59°; [a]? 29°6°; [a]3f, 36°4°. 

The melting-point composition curve of mixtures of the d- and 
l-modifications was also investigated. It was found that the mix- 
ture of the enantiomerides in equal parts melted at 122°. The 
racemic acid was then melted together with different proportions 
of the active modifications, and the melting point of the powdered 
mixtures was determined in narrow glass tubes, the temperature at 
which the last portions of the solid were on the point of disappear- 
ing being taken as the melting point. The results are represented 
on the accompanying diagram, from which it may be seen that 
each of the two eutectics melts at 107°5°, and contains 11°7 per 
cent. of the one enantiomeride and 88°3 per cent. of the other. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE, 


CXLVI.—Equilibrium in the System: Ethyl Alcohol, 
Acetic Acid, Ethyl Acetate and Water, and its 
Apparent Displacement by Mineral Chlorides. 


By James FLetcHer and WILLIAM JAcoB JONES. 


Previous work described in a paper by Jones and Lapworth (T., 
1911, 99, 1427) showed that the addition of hydrogen chloride to 
an equilibrium mixture of ethyl alcohol, acetic acid, ethyl acetate, 
and water caused further esterification, the whole system finally 
readjusting itself to a new state of equilibrium. 

It was pointed out that, since the activity of hydrogen chloride 
in alcohol is greatly diminished by small amounts of water, and 
but imperceptibly affected by carboxylic acids or by ethyl acetate, 
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the disturbance caused by hydrogen chloride when passed into an 
equilibrium mixture of water, ethyl acetate, acetic acid, and ethyl 
alcohol is certainly not due to its reaction with ethyl acetate, but 
to that with the active water when the latter is present in any 
considerable amount. 

Our measurements of the extent of displacement of the ester 
equilibrium by 7'268 N-hydrogen chloride solution indicated that 
(loc. cit., p. 1428) “roughly two molecules of water associated with 
each molecule of hydrogen chloride present.’”’ The reasoning 
which led us to this conclusion was stated in general terms at the 
beginning of the former paper. We now proceed to give it in 
detail. 

Let H and L denote the amounts of acetic acid (H also repre- 
sents the amount of alcohol) and of ester respectively in equil- 
ibrium ; let V denote the amount of free water, X the amount of 
hydrate water, and S§ the total amount of water in grem-encioneien 
in equilibrium. Then 

MOPee 2.1 wee iia a 

It is known from the experiments of Berthelot and Péan de 
Saint-Gilles that the addition of inert substances does not affect 
the value of the equilibrium constant, hence we assume that in 
presence of inorganic chlorides the expression 


[Ester][Free Water] 
[Alcohol] [Carboxylic Acid] 


still retains its normal value 4°00. 


LxV 
H2 
From (1) and (2) we obtain 


xX=S8S- 


Then = 4:00 


4°00 H? 
L 


Since, even when the relative amounts of ester, alcohol, 
carboxylic acid, and water are widely varied, the expression 
[Ester] [Water] 
[Alcohol] [Carboxylic Acid] 
remains constant, then the three former constituents cannot form 
hydrates. We therefore assume that the combined water is pre- 
sent exclusively as hydrate water of the chlorides. 

Let M denote the amount of chloride present in gram-molecules. 
Then its mean degree of hydration (including both non-ionised 
chloride and ions) is given by X/M/ or 
g — £00 H2 

L 
M 


W= 
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In the absence of salt or hydrogen chloride, and even in the 
presence of a variety of neutral non-electrolytes, equilibrium can 
be adjusted by mixing the primary constituents in given propor- 
tions. If, however, hydrogen chloride or these salts are present, 
more water must be added in order that no further esterification 
shall take place. The hydration value W simply represents the 
ratio in which water and salt must be added at the particular 
dilution, so that the added combination behaves as a neutral or 
inert constituent. 

Where lithium and calcium chlorides were used, the hydrogen 
chloride was present in such small quantities that the amount of 
water combined with it as hydrate could be neglected in com- 
parison with the amount of water combined with the lithium and 
calcium chlorides respectively. In these experiments the hydrogen 
chloride was added solely as a catalyst. 

In table I are given the mean hydration values of 7:268 volume- 
normal hydrogen chloride obtained from experimental data given 
in the previous paper by Jones and Lapworth. 


TaB_LeE I. 


1 2 3. 4. 5. 6. 7 


Mean Hydration... 2-52 2-56 2-55 2°54 2-54 2-54 2-52 


Experiment......... - 8 9. 10. 11. 12. 13. 
Mean Hydration ... 2-55 2-51 2-56 2-44 2-35 2-31 


ExPERIMENTAL. 


The experimental procedure was similar to that employed in the 
earlier work’ (loc. cit.), purified ethyl acetate and standardised 
aqueous chloride solutions being employed. 

The results obtained in the present investigation are summarised 
in table II. 

Line A gives the number of the experiment. Lines B, C, D, F, 
and F give the respective amounts in gram-molecules of ethyl 
acetate, water, hydrogen chloride, lithium chloride, and calcium 
chloride, initially taken. Line G gives the total titre at the end 
(equivalent to the acetic acid plus hydrogen chloride in c.c. of 
N-acid). Lines H, S, and LZ give the number of gram-molecules 
of acetic acid (and of ethyl alcohol), of total water, and of acetic 
ester, respectively, at equilibrium. Line & gives the ratio (total 
H,O)/(HCl). Line R, gives the ratio (total H,O)/(LiCl). Line 
R, gives the ratio (total H,O)/(CaCl,). Line T gives the number 
of days which elapsed between the establishment of homogeneity 
in the tube and the analysis of the contents. The last line gives 
the mean hydration values calculated from the experimental data. 
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In comparing the mean hydration values of calcium chloride 
with those of lithium chloride, it must be remembered that calcium 
chloride on ionisation gives rise to three ions, whereas lithium 
chloride gives rise to two only. 

Certain conclusions arrived at in the former paper have recently 
been adversely criticised by F. P. Worley (Proc. Roy. Soc., 1912, 
A, 87, 582). The whole criticism is as follows: ‘Apart from the 
improbability of the degree of hydration remaining the same and 
so low over large ranges of concentration, it is obvious that their 
conclusions can be in no way valid except on the assumption that 
water as such is one of the interacting substances; that the active 
masses of the four constituents are proportional even in strong 
solutions to their concentrations, also that the active mass of the 
water is proportional to that part of it unassociated with the 
hydrogen chloride, %.¢., proportional to the pure water present 
which has no power to effect the hydrolysis of pure ethylic acetate.” 
A cursory reading will convince anyone that no assumption that 
the degree of hydration remains the same over any range of con- 
centration underlies any of the conclusions contained in the former 
paper. In the rest of his criticism Worley assumes, inconsistently 
with the second law of thermodynamics, that the state of true 
equilibrium attained in such systems can vary with the mechanism 
of the reaction rather than with the nature and number of chemical 
substances present. He further does not realise that our con- 
clusions are concerned solely with the equilibrium state, and, con- 
sequently, are quite independent of any theory of the mechanism 
whereby hydrolysis and esterification proceed. Finally, the method 
employed by Worley in calculating hydration values is precisely 
the one previously used by us, and leads to similar conclusions 
when applied to the concentrations discussed. 


Summary. 


(1) Measurements have been made of the total quantities of 
alcohol, acetic acid, ethyl acetate, and water at equilibrium in 
presence of varying proportions of hydrogen chloride, lithium 
chloride, and calcium chloride. 

(2) The apparent degree of hydration of these chlorides varies 
with their concentration, increasing as the chloride concentration 
decreases. 

(3) In the case of hydrogen chloride, the hydration value varies 
from 2°52 when the ratio (H,O)/(HCl) is 4°61 to 6°11 when the 
ratio (H,O)/(HCl) is 21°65. 

(4) In the case of lithium chloride, the hydration value varies 
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from 15°7 when the ratio (H,O)/(LiCl) is 70°78 to 22°5 when the 
ratio (H,O)/(LiCl) is 130°6. 

(5) In the case of calcium chloride, the hydration value varies 
from 25°7 when the ratio (H,O)/(CaCl,) is 81°3 to 27°3 when the 
ratio (H,O)/(CaCl,) is 236°1. 

4 

The authors desire to express their indebtedness to Professor 
Lapworth for much valuable advice during the course of this 
investigation. 


Tue UNIVERSITY, 
MANCHESTER. 


CXLVII.—The Mechanism of Cyanidion Catalyses. 


By WIt.1am JacoB JONES. 


Ir is well known that the interaction between hydrogen cyanide 
and unsaturated organic compounds is catalytically accelerated by 
traces of bases and of alkali cyanides; thus Kiliani (Ber., 1888, 
21, 916) found that the addition of ammonia was of great assist- 


ance in the preparation of the cyanohydrins of sugars. It was 
suggested by Lapworth (T., 1903, 83, 997) that the accelerative 
effect of alkalis was due to the cyanidion formed. In studying the 
subject, Lapworth took advantage of the fact that camphorquinone 
is bright yellow, whilst camphorquinone cyanohydrin is colourless. 
He found that at the concentrations worked at a given excess of 
hydrogen cyanide caused complete decolorisation of the solution in 
eight to ten hours; when the reaction solution was rendered acid 
there was no appreciable loss of intensity of colour in fourteen 
days; on the other hand, when traces of an alkali or cyanide were 
added, decolorisation was complete in a few seconds. Lapworth 
showed that the facts could be interpreted by assuming that the 
interaction took place in two stages, namely, (1) a comparatively 
slow union of the negative cyanidions with the carbonyl compound, 
followed by (2) the almost instantaneous combination of the com- 
plex so formed with hydrogen ions. This explanation he then 
extended to the benzoin condensation in the following way. It is 
known that the first product of the action of potassium cyanide 
on benzaldehyde is mandelonitrile. The latter has a labile 
a-hydrogen atom, and in alkaline solution would condense with 
benzaldehyde as follows: 
OH-CHPh:CN + Ph-CHO=OH-CPh(CN)-CHPh-OH, 
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which is the unstable cyanohydrin of benzoin, and would decom- 
pose into benzoin and hydrogen cyanide. 

In the year 1904 Bredig and Stern (Zeitsch. Elektrochem., 1904, 
10, 582; Stern, Zeitsch. physikal. Chem., 1905, 50, 513) published 
an account of an investigation of the benzoin condensation. The 
solution medium used was 66 per cent. aqueous alcohol. They 
found that the rate of fall of benzaldehyde-concentration with time 
(=de/dt) was dependent on the concentrations of the potassium 
cyanide and benzaldehyde present. The explanation they offer 
embodies the same assumption as to the preliminary step as was 
made by Lapworth. They assume that a fast reaction (1) is 
followed by a measurable reaction (2): 

(1) Ph-CHO+CN’=CN-CHPh-O’ ... . . (fast), 


anion of 
mandclonitrile 


(2) CN-CHPh:O/ + Ph-CHO=O0OH:CHPh:COPh + CN’. 
In order to obtain the equation: 


” d(C pyecuo) cad 


B. Cros - Cine 
dt Kon + UPhecHo» 


it is further necessary to assume that the concentration of the 
nitrile is small compared with the concentrations of the potassium 


cyanide and of the benzaldehyde. Bredig and Stern demonstrated 
that the catalytic agent must be the cyanidion, and not the hydro- 
lytically liberated alkali. The conclusions of these investigators 
have been subjected to adverse criticism by Bodenstein (Zettsch. 
Elektrochem., 1904, 10, 587) and by Acree (Amer. Chem. J., 1912, 
48, 359) on the ground that at the dilutions employed the analyti- 
cally determined cyanide-concentration cannot be set equal to the 
cyanidion-concentration, as is done by Bredig and Stern. Acree 
points out that the facts are capable of equally satisfactory explana- 
tion on the assumption that both the non-ionised potassium cyanide 
and the cyanidion are about equally active. 

The present author has found that the interaction between 
hydrogen cyanide and simple substances containing the carbonyl 
group is too sensitive to traces of cyanides to allow of investiga- 
tion of the influence of concentration of catalyst on the velocity- 
coefficient, and has therefore studied the reactions of potassium 
a-cyano-B-piperonylacrylate and potassium and sodium a-cyano- 
cinnamates, which react with hydrogen cyanide at a conveniently 
measurable speed in presence of considerable concentrations of 
alkali cyanides (compare Lapworth, P., 1904, 20, 245). 

These salts crystallise out, mixed with traces of a brown impurity, 
when a concentrated solution of a metallic cyanoacetate is shaken 
with an equivalent of benzaldehyde, or of piperonal dissolved in 
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alcohol. Two different methods were used in the purification of 
the salts thus obtained. The first consisted in liberating the acid 
by means of hydrochloric acid, washing with benzene, which removes 
the brown impurity, recrystallising three times from ethylacetate, 
and finally treating with an equivalent of hydroxide solution. The 
salt thus obtained was recrystallised three times from water and 
dried at 100°. The second method of purification consisted in 
washing the impure salt four times with boiling ethyl acetate, then 
with alcohol, repeatedly recrystallising the solid from 30 to 50 per 
cent. aqueous alcohol, and finally drying at 100°. Both methods 
gave an equally pure product: 
C,H,;-CHO + CN-CH,*CO,Na=C,H,*CH:C(CN)-CO,Na 

(Fiquet, Ann. Chim. Phys., 1893, [vi], 29, 470). 

Sodium a-cyanocinnamate (Found, Na=11°80. Calc., Na=11°79 
per cent.). 

Potassium a-cyanocinnamate (Found, K=18°40. Cale., K=18°51 
per cent.). 

Potassium a-cyano-B-piperonylacrylate : 

0°3858 gave 0°1300 K,SO,. K=15°13. 

' CyH,O,NK requires K=15°32 per cent. 

The electrical conductivities of potassium and sodium a-cyano- 
cinnamates in aqueous solution were determined in the usual way; 
the following are the results obtained : 

x denotes conductivity in mhos. 

y denotes the dilution expressed in the volume in c.c. containing 
1 gram-molecule of the salt. 

C’, denotes the corresponding concentration in gram-molecules per 
litre. 


A} =- x100=the degree of ionisation per cent. 
Po 


TaBLeE I. 
Potassium a-Cyanocinnamate in Aqueous Solution at 25°. 


xx 10+, yx 1074. C,. 
8-392 0-1000 
4-450 0-0500 
2-267 0-0250 
0-586 0-00625 
0-1492 0-001562 
0-0754 0-000781 
0-0000 0-000000 
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Tanz II. 
Sodium a-Cyanocinnamate in Aqueous Solution at 25°. 


ax 10+, C,. poe.y. A. 
6-900 ‘ 0-1000 69-0 84-8 
3-659 0-0500 73-2 89-9 
1-857 0-0250 74-2 91-6 
0°483 0-00625 77-3 95-0 
0°1227 0-001562 78-5 96-5 
0-0619 0-000781 79-2 97°3 
0-0000 0-000000 81-4 100-0 


The freshly prepared aqueous solutions of these salts are neutral 
to litmus, and, even after boiling, contain no cyanidion, and possess 
no odour of benzaldehyde. When the solutions of the a-cyano- 
cinnamates are kept for three weeks they still contain no cyanidion, 
but they then smell slightly of benzaldehyde. 

The experiments on the rate of interaction between hydrogen 
cyanide and these salts, for example: 


HCN + CHPh:C(CN)-CO,K = CN:CHPh:CH(CN):CO,K, 


were carried out in aqueous solution. An aqueous hydrogen cyanide 
solution was twice redistilled, and standardised, and the required 
volume was measured into a graduated flask. To this a known 
volume of freshly standardised potassium (or sodium) cyanide 
solution was added. A known weight of the cyanosalt was intro- 
duced into another flask, and dissolved in so much water that the 
total volume resulting from admixture with the contents of the 
graduated flask was nearly equal to the volume of the latter. Both 
flasks and another containing distilled water were immersed for an 
hour in a bath at 25°00°+0°05°. Then the cyano-salt solution was 
added to that of the cyanides, the whole being well shaken and 
made up to the graduation of the flask by adding distilled water. 
At definite intervals of time known volumes of the mixed solution 
were withdrawn, and the amount of uncombined hydrogen cyanide 
therein was determined by pouring into excess of slightly acidified 
silver nitrate solution and titrating the excess of silver, as 
described in the following paper. Concentrations are throughout 
expressed in gram-molecules per litre. 

The results given in tables JII and IV show that in absence 
of cyanidion the rate of interaction is exceedingly slow. 
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TasieE III. 


Temperature, 25°. No alkali cyanide added. 
Initial concentration of sodium-a-cyanocinnamate =0°0500. 
» hydrogen cyanide, 0°0500. 


”? 


Hydrogen cyanide 
concentration. 


0-0500 
0°0500 
0:0502 
0°0503 


Taste LV. 


Mercuric cyanide added. Temperature, 25°. 

Initial concentration of sodium-a-cyanocinnamate=0°0500. 
» hydrogen cyanide, 0°0500. 

»» mercuric cyanide, 0°0431. 


” 


Hydrogen cyanide 
concentration. 
0-0500 
0°0498 
0°0477 

A few words on the reciprocal actions of hydrogen cyanide, 
potassium (or sodium) cyanide, and sodium (or potassium) 
a-cyanocinnamate in solution are necessary at this stage. Con- 
siderations based on the law of mass action indicate that the 
addition of such a weak acid as hydrogen cyanide to a potassium 
cyanide solution can have no appreciable effect on the cyanidion 
concentration. Further, as sodium and potassium cyanides and 
a-cyanocinnamates are extensively ionised, and, at a given dilution, 
are ionised to about the same degree, it is obvious that, when 
they co-exist in aqueous solution, they do not exert any appreci- 
able reciprocal action on the extent of ionisation of each other. 
It therefore follows that we may assume that the concentrations 
cyanidion and of a-cyanocinnamate ion in our reaction-solutions 
are equal to those at the same dilution of cyanide and of a-cyano- 
cinnamate in pure aqueous solution. 

Noyes and Falk (J. Amer. Chem. Soc., 1912, 34, 475) have 
shown that the degrees of ionisation of the alkali chlorides, 
bromides, and iodides, at a given dilution, differ from one another 
by not more than 1°5 per cent., and Kohlrausch (Landolt-Bérn- 
stein, “‘ Tabellen,” p. 744) has shown that the cyanides fall between 
the chlorides and the iodides with respect to degree of ionisation. 
From the numbers given by Noyes and Falk for the values of the 
equivalent conductance, corrected for viscosity, at 25°, the follow- 
ing table of values of the percentage ionisation can be drawn up. 
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TABLE V. 


0-0200 : 0-0500 0-100 0-200 
91-4 88-0 85-0 81-6 
92-0 88-5 85-2 81-8 
92-0 88-8 85-9 —_ 
We may therefore assume, with sufficient accuracy for our pre- 
sent purpose, that the degrees of ionisation at 25° of potassium 
(and of sodium) cyanide are given by the mean of those for 
potassium chloride and potassium iodide. 


TaBLE VI. 


Values of percentage ionisation of potassium cyanide (and, we 
may assume, of sodium cyanide also) : 
Concentration .......... 00100 0-0200 0-0500 0-100 0-200 
Ionisation 92-0 88-7 85-5 81-8 

Tables VII, VIII, IX, X, XI, XII, and XIII give the details 
of some typical experiments. For brevity, C, is written for the 
total concentration of the a-cyano-cinnamate or -piperonylacrylate 
(anion + non-ionised salt) present at the time ¢; C; for the corre- 
sponding concentration of the a-cyano-cinnamate or -piperonyl- 


acrylate ion; Cyc, for the concentration of the hydrogen cyanide; 
Coy- for that of the cyanidion; (C;, 9Ci, (Clyoy for the respective 


TaBLe VII. 
Temperature, 25°. 
Concentration of potassium cyanide, 0°0500; number of experi- 


ment, 12. 
Initial concentration of potassium a-cyanocinnamate=,C,= 


0°0500, 
Initial concentration of hydrogen cyanide =,C,,, =0°0500. 


Concentration of 
hydrogen cyanide 
and of Corresponding 
Time potassium concentration 
(minu- a-cyano- of a-cyano- 
tes). cinnamate. cinnamate-ion. 
Cuon and CO; C;. lo ° . k,’. 
0-0500 0-0445 
0-0495 0-0441 
0-0375 0-0338 : . 0-010 
0-0340 0-0308 . . 0-010 
0-0291 0-0265 5 . 0-010 
0-0265 0-0244 . . 0-010 
0-0229 0-0211 . . 0-010 
0-0167 0-0155 . \ 0-010 


Mean 0-010 


— 
S 1G or Go bo 
Som wIOmo * 
wNnawowo-I° 
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initial concentrations; and ¢ for the time, reckoned in minutes, 
from the commencement of reaction : 


1 Ce 


k, = 5 ee 8 : 


. Ci 
pre = re 


a ane Pry = (oC HCN Cucw) . 
7 i Gy tee © Com 
‘ 1 Cis Cucx _ 


} ee eee 
. t.(oC' nen — pCi) FT ca(oCi4 +U HCN — 1 @Cuor nen) 


TaBLE VIII. 
Number of experiment, 3; concentration of potassium cyanide, 
0°0099. 


Initial concentration of hydrogen cyanide=,Cy,, =0°0500. 
- » sodium a-cyanocinnamate = (CU, = 


”» 
0°0500. : 
t. Oyen and C,. C;. ° ko. k,. k,’. 

0-0500 0-0445 

0-0500 0-0445 “ 

0-0373 0-0338 0-040 . 0-0018 0-0016 
.0-029$ 0-0272 0-045 ° 0-0017 0-0016 
0-0194 0-0179 0-055 . 0-0017 0-0016 
0-0146 0-0136 0-067 . 0-0017 0-0016 


Mean 0-0016 
Taste IX. 


Number of experiment, 7; concentration of potassium cyanide, 
0°0500. 

Initial concentration of hydrogen cyanide= .C4., =0°0250. 
- » sodium a-cyanocinnamate = ,U, = 


0°0200. 


Oucn- C,. O;. ky. k,'. 
0-0250 0-0200 0-0184 

0-0190 0-0140 0-0130 0-011 0-010 
0-0160 0-0110 0-0103 0-010 0-010 
0-0129 0-0079 0-0074 0-011 0-010 


Mean 0-010 
TABLE X. 


Number of experiment, 11; concentration of potassium cyanide, 
0°0500. 
Initial concentration of hydrogen cyanide = C4¢, =0°1000. 
” » sodium a-cyanocinnamate = ,C; = 
01000. 
Cucy and C,. O;. ; ky’. 
0-1000 0-0848 
0-0848 0-0728 
0-0719 0-0625 


0-0637 0-0555 
0-0421 0-0379 


1554 JONES: THE MECHANISM OF CYANIDION CATALYSES. 


TasLE XI. 


Number of experiment, 10; concentration of potassium cyanide, 


0°0500. 
Initial concentration of hydrogen cyanide= Cy,, =0°0500. 


~ » sodium a-cyanocinnamate = (0, = 


0°0654. 


C.. 
0-0654 
0-0641 0-0562 
0-0495 0-0442 
0-0361 0-0327 
0-0256 0-0234 


TaBLE XII. 


Number of experiment, 17; concentration of potassium cyanide, 
0°100. 
Initial concentration of hydrogen cyanide=,C,,,.,=0°0500. 
fs = », potassium a-cyanocinnamate = ,C, = 
0°0500. 
Cucn and C,. C;. . ky’. 


0-0500 0-0445 — 
0-0469 0-0421 


0-0267 0-0244 D 0-021 
0-0170 0-0157 0-023 


Mean 0-022 


t. 

0 

3- ini 
6- 0-0351 0-0318 0-021 
Q- 

5. 


Taste XIII. 


Number of experiment, 21; concentration of potassium cyanide, 


0°0300. 
Initial concentration of hydrogen cyanide=,C,,., =0°0500. 
” pa » potassium a-cyano-B-piperonylacrylate= 
o?s=0°0500. 
t. Cucx and O,. k, and k,’. 
0 0-0500 _ 
137 0-0427 0-0012 
276 0-0349 0-0013 
394 0-0305 0-0013 
Mean 0-0013 


The results of the preceding and of further experiments are 
summarised in table XIV. A dash denotes the absence of a par- 
ticular substance. 
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TaBLE XV. 
Number of experiment, 3 (compare table VIII). 


Concentration of 


non-ionised k,”’ 
a-cyanocinnamate. _ 1, . oOm 
t. One “| 2," 
0 0-0055 —_— 
170 0-0035 0-0024 
301 0-0027 0-0022 k,”/C,=3-8 
572 0-0015 0-0022 
725 0-0010 0-0023 
Mean 0-0023 
TaBLE XVI. 
Number of experiment, 12 (compare table VII). 
t. One ky". 
0-0 0-0055 —- 
28-7 0-0037 0-014 
37-2 0-0032 0-014 
52-0 0-0026 0-014 k,”/On=2:3 
61-8 0-0021 0-015 
72-5 0-0018 0-015 
103-2 0-0012 0-014 
Mean 0-014 
TasLe XVII. 
Number of experiment, 17 (compare table XII). 
t. Cm. k,”. 
0-0 0-0055 — 
16-6 0-0033 0-030 k,’/C,=2-1 
29-2 0-0023 0-028 
45-7 0-0013 0-030 
Mean 0-029 


TasBLE XVIII. 


Number of experiment, 18. 


t. One ke," 
0-0 0-0055 on 
9-4 0-0038 0-039 
27-5 0-0019 0-038 k,"/Cn=1°8 
Mean 0-0385 


Any explanations of the mechanism of this interaction based 
on the assumption that the measurable reaction involves the direct 
addition of non-ionised potassium cyanide, either (a) to non- 
ionised potassium a-cyanocinnamate, or (6) to its anion, are 
impossible, for the reason that the expressions k,”/C, (tables XV, 
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XVi, XVII, and XVIII) and k,!/e, (=,/¢en, practically) (table 
XIV), respectively, are not constant. 
(a) CHPh:C(CN)-CO,K + KCN 
(non-ionisad (non-ionised 
part) part) 
—>CN-CHPh-CK(CN)-CO,K (measurable in speed) 
— CN-CHPh-C(CN)-CO,” + 2K" (rapid), 
and HCN — H’°+CN’. 

Potassium ion appears practically as fast as non-ionised 
potassium cyanide disappears; hence the concentration of the non- 
ionised potassium cyanide, C’,, is maintained practically constant 
during the interaction. Applying the law of mass action, we have 

- Se = Bb. 0. Om = 2”. Ow 

Thus k,"/c, (tables XV, XVI, XVII, and XVIII) should, on 
this view, be constant. : 

(6) CHPh:C(CN)-CO,’ + KCN 

(non-ionised 
part) 
—> CN-CHPh-CK(CN):CO,’ (measurable in speed) 
=< CN:CHPh:C(CN):CO,” + K* (rapid) 
and HCN — H’'+CN’. 
de; ' 
a k.Cn.C; = k'.C; 

Here, also, the concentration of the non-ionised part of the 
potassium cyanide remains practically constant, and the value of 
the expression k,'/c, (or, what amounts to the same thing, the 
values of the expression k,/c,, since k,/ is practically equal to k,) 
should be constant throughout the whole series of experiments with 
potassium a-cyanocinnamate (compare table XIV). 

The inconstancy of the expression £,//c, also rules out the 
assumption that the change involves reaction between non-ionised 
cyanide and a-cyanocinnamate ion: 

CHPh:C(CN)-CO,’ + KCN 

(non-ionised 
part) 
—> CN-CHPh-CK(CN)-CO,’ (measurable in speed), 
followed either by 

CN-CHPh-CK(CN)-CO,’+ H* —> 

CN-CHPh:-CH(CN):CO,’+K’* (rapid), 
or by 

CN:CHPh-CK(CN):CO,’ + HCN —> 

CN-CHPh:CH(CN):CO,’ + K*+CN’ (rapid), 
for potassium ion should appear practically as fast as non-ionised 
potassium cyanide disappears, and, consequently, c, should, in a 

VOL. CV. 51 
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given experiment, remain constant. Thus k,//c, should remain 
practically constant throughout the whole series. 

Assumptions based on the immediate formation of dicyano- 
derivatives are also at variance with experimental fact, for, should 
these assumptions be correct, there would be an immediate and 
considerable fall in the analytically determined total cyanide con- 
centration at the commencement of reaction (compare tables VII, 
VIII, XI, and XII). Thus the following possibilities are 
excluded : 

(c) CHPh:C(CN)-CO-0’+ KCN —> 

(non-ionised 
part) 
CN-CHPh-CK(CN):CO,’ (rapid), 
followed by 
CN-CHPh-CK(CN)-CO,/+ HCN —> 
CN-CHPh-CH(CN)-CO,’+K*°+CN’ (measurable in speed), 
or (d) 
CHPh:C(CN)-CO,/+ HCN —> 
(non-ionised 
yirt 
is CN-CHPh-CH(CN):CO,’ (rapid), 
followed by 

CN-CHPh:CH(CN)-CO,/+KCN — 

CN-CHPh-CK(CN)-CO,/+ HCN (measurable in speed). 

The fact that the velocity of reaction is independent of the 
nature of the cation of the a-cyanocinnamate and of the cation 
of the cyanide, renders the views that the reaction involves the 
interaction of both ions and of non-ionised salts to an equal extent, 
namely, equal activity of ions and of non-ionised salts, or that 
the reaction consists in interaction between cyanidion and non- 
ionised cinnamate very improbable. 

The inconstancy of /, and of /,' in tables VII and VIII pre- 
cludes the view that the change can be formulated either as: 

(i) HCN + CHPh:C(CN)-CO,K —> 

CN-CHPh:CH(CN):CO,K, 
or as 

(ii) HCN + CHPh:C(CN)-CO,’ —> 

CN-CHPh-CH(CN):CO,’. 

The following further conclusions can be drawn from these 
tables: 

(1) The reaction is apparently, although not truly, unimolecular 
in character. 

(2) The velocity-coefficient depends on the structure of the sub- 
stance containing the double bond (compare a-cyanocinnamate 
with a-cyano-8-piperonylacrylate, experiments 21, 22). 
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(3) &, is sensibly equal to k,’, owing to the fact that alterations 
in the degrees of ionisation of the a-cyanocinnamates incident on 
alterations of concentration due to reaction are very small at the 
dilutions employed. 

(4) At a given concentration of cyanide, the velocity-coefficient 
is the same whichever alkali cyanide or alkali salt of a-cyano- 
cinnamic acid is used, or, in other words, is independent of the 
alkali cations. 

Cj Cuon 


, , 1 
(5) The expression | hog, ®“* is constant, whereas — log, © 
t C; t Cuen 


is 
not constant (table XI). 

(6) The velocity-coefficient of disappearance of a-cyano- 
cinnamate ion is independent of the initial concentration of the 
a-cyanocinnamate and of the hydrogen cyanide, but depends only 
on the cyanidion-concentration, to which it is, in fact, directly 
proportional (table XIV). 

The hypothesis most capable of affording a complete and satis- 
factory explanation of these facts from the point of view of the 
law of mass action appears to be Lapworth’s theory of cyanidion 
catalyses, namely, that the whole interaction is compounded of 
consecutive reactions, of which only the one in which the cyanidion 
is involved proceeds at a measurable speed ; thus: 

(1) CHPh:C(CN)-CO,’+CN’ —> CN:CHPh:C(CN)-CO,’, 

a measurable stage yielding a product CN-CHPh-C(CN)-CO,’, 
which is unstable in the presence of hydrogen ion, with which it 
immediately reacts, giving rise to a change: 

(2) CN-CHPh:C(CN)-CO,” + H’ —> CN:CHPh-CH(CN)-:CO,’, 
which is very rapid in comparison with (1). Applying the law of 
mass action to the measurable stage (1), we have 

» a = 

In a given experiment, C,,- is throughout constant, hence on 
integration between the limits C;=,C;, when t=0,and C;=C;, when 
t=t, we obtain the equation 


k=k,'/Coy- =0°23 (table XIV). 

This explanation accounts for all of the facts brought out in 
these experiments, and particularly for the fair constancy of the 
expression k,'/co,_ throughout the whole series, with which all 
alternative explanations would be quite irreconcilable. Assuming 
that this is the correct interpretation, we may say that in a hypo- 
thetical experiment in aqueous solution at 25°, in which the con- 
512 


or 
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centrations of a-cyanocinnamate ion and of cyanidion were main- 
tained constant throughout the period of interaction at 1 gram-ion 
per litre, 0°23 gram-ion of each would combine per minute, or 
otherwise expressed, 1 gram-ion of the product would be produced 
every four minutes. 

It must, however, be pointed out that any rigid application of 
the law of mass action to the interpretation of the mechanism of 
reactions in solutions of strong electrolytes is open to criticism. 
Consequently, many of the reactions which have been included 
in the foregoing discussion may be operative to some extent, but 
the element of uncertainty is not so great as to vitiate the author’s 
conclusion that the course of the reaction is mainly that indicated 
above. 

Summary. 

It has been found that: 

(1) In the absence of cyanidion, the rate of addition of hydrogen 
cyanide to the double bond in a-cyanoacrylates is exceedingly slow. 

(2) In the presence of alkali cyanide, the speed of addition is 
proportional to the concentration of the cyanidion. 

(3) The measurable reaction is 

CHPh:C(CN)-CO,/ + CN’ —> CN-CHPh:C(CN)-CO,’, 
all other stages being, in comparison, rapid. 


THE UNIVERSITY 
MANCHESTER 


CXLVIII.—The Interaction between Hydrogen Cyanide 
and Aldehydes and Ketones in Dilute Solution. 


By Wittiam Jacos JoNEs. 


THE conditions to be observed in order to obtain a maximum yield 
of cyanohydrin have been made the subject of research by Ultée 
(Rec. trav. chim., 1909, 28, 248), who recommends that the ketone 
be treated with 10 to 20 per cent. excess of anhydrous hydrogen 
cyanide and a few drops of concentrated alkali or alkali cyanide 
solution. The mixture is allowed to boil, then cooled, treated with 
sufficient sulphuric acid to neutralise the catalyst, and heated on 
the water-bath in order to remove uncombined hydrogen cyanide 
and ketone. The cyanohydrin remaining is then distilled under 
diminished pressure. Ultée shows that combination is never com- 
plete, but that equilibria of the type 
RR/CO+HCN = RR/C(OH)-CN 
are established. Thus at 25° anhydrous acetone and hydrogen 
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cyanide combine to the extent of 88°6 per cent. With aldehydes 
combination is more complete than with ketones; for example, at 
25° acetaldehyde and hydrogen.cyanide combine together to the 
extent of 99°55 per cent. In consequence of this, excess of 
hydrogen cyanide may be dispensed with in the preparation of 
the cyanohydrins of aldehydes. As will be described later on, the 
present author has supplemented these observations of Ultée by 
an investigation of the conditions of equilibrium in dilute solution. 

The further work of Ultée on diacetone cyanohydrin (Rec. trav. 
chim., 1909, 28, 257, 349; compare also Fischer, Ber., 1896, 29, 
205; and Minovici, ibid., 1899, 32, 2206), and that of Kohn 
(Monatsh., 1898, 19, 519) and of Spath (ibd., 1912, 38, 1029) on 
the aldol condensation, followed by cyanohydrin formation, which 
certain aldehydes, as, for example, isobutyraldehyde, undergo 
under the influence of potassium cyanide—all of which reactions 
involve secondary changes—do not directly concern us, as the 
present investigation is confined to primary interactions. 


EXPERIMENTAL. 


In accordance with the usual practice, intervals of time will 
throughout this paper be expressed in minutes, and concentrations 
in gram-molecules per litre. By the term initial concentration of 
a reagent is meant its concentration at the instant when the 
reagents are mixed together (¢=0). Except where otherwise 
stated, the reaction medium was water. In all cases the course 
of the reaction was followed by means of the variation with time 
of the concentration of free hydrogen cyanide, which was estimated 
by treating the solution with excess of standard silver nitrate 
solution acidified with nitric acid, filtering off from silver cyanide, 
and titrating the excess of silver ion with standard ammonium 
thiocyanate solution in the presence of ferric alum. All the usual 
precautions as regards standardisation of solutions and apparatus, 
and purity of reagents, were observed. The very great accelerative 
effect of small quantities of bases on the rate of interaction of 
acetone and hydrogen cyanide is forcibly brought out in tables I 
and II. 

TaBLeE I. 


Temperature 25°. 


A.—No base added. B.—Base present. 
Time. Concentration, Time. ~- Concentration. 
o f 0-4138 acetone 0:4138 acetone 
\.0-0198 hydrogen cyanide 0 + 0-0198 hydrogen cyanide 
0-0028 sodium hydroxide 
50 0-0186 hydrogen cyanide 50 0-0090 hydrogen cyanide 
210 30-0157 mo - 210 0-0091 ss Pe 


0-0091 b> ie «o  0-0091 TT) + 
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Experiment A does not give the true speed of interaction in 
absence of catalyst, the solution probably containing traces of 
basic impurity. 

TaBe II. 
Experiments on the Speed of Attainment of Equilibrium. 


Number of experiment 1. 2. 3. 4, 
Initial hydrogen cyanide concentration 0-03628 0-03628 0-03628 0-03628 
» acetone - 0-03628 0-03628 0-03628 0-03628 


» sodium hydroxide os 0-000112 0-0000056 — _ 

»_ pyridine - — _— 0-0040 0-0002 
Equilibrium was attained within the 

time (minutes) 2-7 2-0 7-0 

The previously mentioned experiments on the extent of com- 
bination of acetone and of acetaldehyde with hydrogen cyanide in 
dilute solution were carried out in the following manner. The 
solution for each experiment was prepared in a test-tube from 
standard aqueous (or alcoholic) solutions of freshly purified acetone 
or acetaldehyde, hydrogen cyanide, and sodium hydroxide or 
cyanide. The test-tube was then sealed off, and kept in a vessel 
containing excess of standard silver nitrate solution, and immersed 
in a bath kept at 25°00+0°05°. The results of the experiments 
detailed in table II indicate that with the concentration of sodium 
cyanide present in these solutions, equilibrium was attained in a 
very short time. The tubes were, however, allowed to remain for 
two or three days, at the end of which time the concentration of 
free hydrogen cyanide was determined by breaking the tube under 
the silver nitrate solution. As Ultée (Joc. cit.) has demonstrated, 
the cyanohydrin formed is stable in a weakly acidified aqueous 
silver nitrate solution, and the precipitated silver cyanide is 
equivalent in amount to the free hydrogen cyanide. From the 
known amounts of ketone (or aldehyde) and hydrogen cyanide 
initially taken, the concentrations of cyanohydrin and ketone (or 
aldehyde) co-existing in equilibrium can be calculated, and from 
these the value of the expression 

Creox Cron _ x 
C'R,c(OH)*ON : 

where 
Cr.co denotes the equilibrium concentration of the ketone, 
Cuon denotes the equilibrium concentration of hydrogen cyanide, 
Cr,conycn denotes the equilibrium concentration of cyanohydrin. 

In tables III, IV, and V the equilibrium concentrations of 
hydrogen cyanide experimentally determined are compared with 
the corresponding values calculated by means of the preceding 
expression from the given values of K. The agreement between 
the calculated and observed values of the hydrogen cyanide con- 
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centration is sufficiently close to admit of the conclusion that in 
dilute aqueous, and also in dilute alcoholic, solutions equilibria of 
the following type hold: 

RR/CO+HCN = RR/C(OH)-CN. 

The measurements given in table III show that in aqueous solu- 
tion at 25° acetone and hydrogen cyanide, both initially at the 
concentration 0°100 gram-molecule per litre, combine together to 
the extent of 42°1 per cent. Under the same conditions, 
acetaldehyde and hydrogen cyanide combine together to the extent 
of 76°6 per cent. Comparison with Ultée’s results shows that 
water exerts a dissociative power on cyanohydrins. Acetaldehyde 
cyanohydrin, both when anhydrous and when in aqueous solution, 
is less dissociated than acetone cyanohydrin. Table V gives some 
results obtained with acetone cyanohydrin in 98°13 per cent. 
aqueous ethyl-alcoholic solution. The value K=0°0420 corresponds 
with 52°9 per cent. combination of hydrogen cyanide and acetone 
at the initial concentration 0°100, from which we see that the dis- 
sociative power of alcohol is less than that of water. 


TaBLeE IIT. 


Experiments on the extent of combination of acetone and 
hydrogen cyanide in dilute aqueous solution at 25°. 
Mean value of K for experiments 3, 4, 5, 6, and 7=0°07959. 


Initial concentration of Equilibrium concentration 
a a of hydrogen cyanide 

Hydrogen Sodium = ~ 

ment. Acetone. cyanide. cyanide. observed. calculated. 
0-1659 0-01064 0-00007 0-0030 0-0035 
0-008448 0-01062 0-00007 0-0095 0-0097 
0-05992 0-07392 0-00007 0-0490 0-0506 
0-008379 0-2127 0-00007 0-2065 0-2066 
0-1513 0-4381 0-00010 0-3171 0-3172 
0-1513 0-4381 0-00010 0-3171 0-3172 
0:08547 0-4923 0-00007 0-4271 0-4204 


TABLE LV. 


Experiments on the extent of combination of acetaldehyde and 
hydrogen cyanide in dilute aqueous solution at 25°. 
Mean value of X for experiments 8, 9, 10, 11, and 12=0°007183. 


Initial concentration of Equilibrium concentration 
ae . of hydrogen cyanide 

experi- Acet- Hydrogen Sodium r ts ~ 
ment. aldehyde. cyanide. cyanide. observed. calculated. 

0-01861 0-03275 0-00005 0-01891 0-01921 

0-03713 0-06533 0-00005 0-03446 0-03459 

0-03713 0-06533 0-00005 0-03436 0-03459 

0-06297 0-1108 0-00005 _ 0-05552 0-05513 

0-06297 0-1108 0-00005 0-05562 0-05513 
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TABLE V. 


Experiments on the extent of combination of acetone and 
hydrogen cyanide in 98°13 per cent. aqueous ethyl alcohol at 25°. 
Mean value of X for experiments 13, 14, and 15=0°0420. 


— Initial concentration of Equilibrium concentration 
0 c A 


~ of hydrogen cyanide 
experi- Hydrogen Potassium _ ~ 
ment. Acetone. cyanide. cyanide. observed. calculated. 
13 0-2843 0-1522 0-0008 0-0300 0-0312 
14 0-2261 0-2135 0-0008 0-0718 0-0713 
15 0-1722 0-2476 0-0008 0-1208 0-1201 
16 0-2261 0-2135 0-0000 0-2143 0-2135 
17 0-2843 0-1522 0-0000 0-1519 0-1522 
Summary. 


It has been found that: 

(1) The rate of reaction of hydrogen cyanide with ketones and 
aldehydes is very fast in the presence of a base or a cyanide. 

(2) In dilute solution, equilibria of the type 

RR/CO+ HCN = RR/C(OH)-CN 
are established. 

(3) In the absence of cyanidion, the rate of addition of hydrogen 
cyanide is very slow. 

(4) At 25° hydrogen cyanide and acetone in the anhydrous state 
combine together to the extent of 886 per cent.; anhydrous 
hydrogen cyanide and acetaldehyde to the extent of 99°55 per cent. 
(Ultée). 

(5) In the presence of a trace of alkali cyanide, acetone and 
hydrogen cyanide, both initially at the concentration 0°100 gram- 
molecule per litre in aqueous solution at 25°, combine together to 
the extent of 42°1 per cent. 

(6) Acetaldehyde and hydrogen cyanide, both initially at the 
concentration 0°100 gram-molecule per litre in aqueous solution at 
25°, combine together to the extent of 76°6 per cent. 

(7) Acetone and hydrogen cyanide, both initially at the con- 
centration 0°100 gram-molecules per litre in ethyl-alcoholic solu- 
tion at 25°, combine together to the extent of 52°9 per cent. 

(8) Comparing together (4), (5), (6), and (7), we see that water 
(and, to a less extent, alcohol also) exerts a specific dissociative 
influence on cyanohydrins, and does not act as a mere diluent. 


The author wishes to acknowledge his great indebtedness to 
Professor A. Lapworth, at whose suggestion this and the pre- 
ceding investigation were undertaken, and also to the Research 
Fund Committee of the Chemical Society for a grant which partly 
defrayed the expenses. 
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